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PREFACE 


As  announced  in  tlie  first  volume  the  original  second  volume  of  the 
Sj^ftn  of  Mcdiriiu  will  now  be  represented  by  two  parts ;  this  part 
coatains  the  continuation  of  the  Infections  and  the  Intoxications, 
together  with  an  important  article  on  the  General  Pathology  of 
lufection.  by  Professor  James  Kitchie.  The  Tropical  Diseases  have 
been  removed  from  their  jtositions  in  the  firet  edition  and  collected, 
together  with  the  Animal  Parasites,  into  a  siuc:lc  volume,  which, 
since  it  contains  many  subjects  originally  treated  in  the  second 
volume  of  the  first  edition,  may  be  conveniently  brought  out  at  the 
»ame  time  as  this  revised  instalment  It  is,  however,  so  much 
expundeil  in  scope  as  tu  constitute  a  new  rather  tlian  a  revised 
or  rewritten  volume  of  the  Si/stcm  of  Mediciiu. 

T\\e  advances  of  ten  years  have  obliged  Professor  Ritchie  to 
rewrite?  the  article  ou  the  General  Pathology  of  Infection,  originally 
contributed  by  the  late  Professor  Kanthack,  almost  entirely ;  and 
bare  necessitated  a  more  liberal  allowance  of  space.  Some  of  the 
additions  and  changes  in  the  arrangement  may  be  brietiy  chronicled. 
A  new  article  on  the  Pathology  of  the  Streptothrix  Infections  by 
Mr.  Foulerton,  has  been  added  to  Dr.  Aclaud's  contribution  on 
Actinomycosis.  Sypliilis  has  been  transferred  from  the  "  Infectious 
Diseases  of  Uncertain  Bacteriology  "  to  the  "  Chronic  Infections  of 
Kstablished  Bacteriology."  Rheumatic  fever  has  been  brought  from 
A'olume  III.,  where  it  appeared  in  conjunction  witli  Rhoumatuid 
Arthritis,  under  '*  General  Diseases"  of  Obscure  Origin,"  to  the 
"Infectious  Diseases  of  Doubtful  Origin,"  and  has  been  supplemented 
by  Wi   account  of  its  bacteriological  relations  by  Dr.   W.   Bulloch. 
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The  diflicult  subject  of  a  "  common  cold  "  has  been  handled  by  Dr. 
Dawson  Williams.  The  authorship  of  the  revised  articles  has 
fortunately  required  comparatively  little  change ;  for  the  late  Mr. 
Ernest  Hart's  article  on  vaccination  as  a  branch  of  Preventive 
Medicine,  an  authoritative  contribution  from  Dr.  J.  C.  M'Vail  has 
been  substituted.  In  the  Article  on  Anthrax,  Dr.  Legge,  H.M, 
Medical  Inspector  of  Factories,  entered  into  collaboration  with  Dr. 
liell,  whose  lamented  death  occurred  only  a  few  months  after  he 
had  completed  this  revision.  Dr.  Sidney  Martin,  restrained  by  his 
seat  on  the  Koyal  Commission,  has  been  unable  to  revise  his 
article  on  Tuberculosis,  but  this  task  has  been  carried  through, 
at  rather  short  notice,  by  Dr.  Bosanquet.  A  new  article  on  Food 
Poisoning  lias  been  provided  by  Dr.  Batty  Shaw, 

T.  C.  A. 
H.  D.  R 
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THE  GEXEKAL  PATHOLOGY  OF  INFECTION 


By  Prof.  Jamrs  Ritchir,  M.D. 

I   Tb«   Rf-lAtions  of  Bactvria   to   D»ea.He   (p.    1).      By  the   late  Pro/.    A.  A. 
/Canthack.     Ritvit>eil  by  Prof.  Jaine<i  Hilcbiv. 
]L  C'liangeA  produced  by  Bootcria  in  the  Aoinul  Body  yp.  20).     By  Pror.  Jaiiiifj 
Uitchit. 

III,  iDiiuaiiitr  (p.  47  f-     Uy  Prof.  Jaiuw  Ritciiic. 

IV.  BuUrrioIogj'  ID  Kvluliou  lo  Xli'-Tapcutico  {y.  171).     By  Pruf.  Jaues  Riu-UUi. 

Introduetopy. — The  study  of  the  pathology  of  infection  in  the  widest 
iitid  uo^t  scietilitic  seiiac  of  the  uord  in  ulmost,  if  not  ^uitc.  coiiteiniinouB 
*nth  the  stiuly  of  the  efioct^  of  any  foiei>;n  liviii>;  agent  when  it  gains  ii 
fitothuhi  —  and  e«jje<.'ially  when  it  multii>li<?8  —  in  the  animal  Inxly, 
Atloiher  great  inith  hu^  jUso  emerged  in  modein  times  in  the  recogni 
lion  of  the  fact  that  notwithstanding  the  diversity  of  clinical  types 
produced  by  different  agetius,  there  i^  a  gre;it  unity  in  the  uiorhid  pro- 
cofites  set  up.  Wa  must  ihciofore,  in  tiiking  a  broad  view  of  the  anhjuct, 
be  prepared  to  account  fur  olwerved  facts,  and  to  recognise  common 
proceasos  in  Biich  varied  coiidilion;*  as  the  following: — 

(1)  The  miction  of  piirasiiic  fungi  and  bacteria  iu  such  diseases  as 
fa^Tis,  septiciemia,  tulterculositi.  diphtheria,  enteric  fever,  etc. 

(2)  The  Action  of  [lariu^itic  protozoa  in  such  <liseases  as  oialuria, 
tAetM-fly  diseacie,  etc. 

(3)  The  action  of  whjit  for  the  present  are  called  "ultra-microscopic" 
living  agents  in  such  iliHefkttfs  as  pleuii>-pneinnniiia  and  foot-and-mouth 
dif«<aj*e  in  cattle,  and  prolKvbly  yellow  fever  in  man. 

(I)  The  action  of  |>anifiitc*  of  unknown  character,  though  pi-oUibly 
belonging  to  one  or  other  uf  the  hint  three  groups,  which  are  in  all 
likelihtxfd  associated  with  such  iliseasos  as  small-pox,  scarlet  fever, 
bytlriiphobia,  me;uties,  and  tuo  ftirth. 

(5)  It  is  a  fjuestion  whether  certain  phenomena  associated  with  the 
presence  of  j^aiasitic  worms  in  the  body  ouglit  nut  proi>erly  to  be  classed 
along  with  the  phenomena  »if  undoubted  infe^ctiurts. 

Mt>?t  of  our  knowledge  regarding  the  pjitliology  of  infection  baa  been 
deriTed  from  thejstudy  of  the  Iwcterial  infections  of  known  origin,  and 
in  the  following  article  these  will  form  the  chief  biisis  for  discussion. 

It  is  unnecessary  to  enter  into  any  details  reganling  the  morphology 
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and  biology  of  the  bacteria.  These  organisms,  from  the  structural  stand- 
point, represent  the  lowest  type  of  Ii\ing  matter,  the  characteristics  of 
each  species  being,  generally  speaking,  summed  up  in  the  vital  capacities 
of  a  single  cell.  This  at  any  rate  is  true  of  the  lower  bacteria,  which 
include  nearly  all  the  pathogenetic  forms.  These  are  divided,  according 
to  their  shape,  into  the  three  groups  of  the  cocci,  the  bacilli,  and  the 
spirilla ;  they  multiply  by  simple  fission ;  some  bacillary  and  spirillary 
forms  are  motile,  and  in  some  bacilli  the  protoplasm  may,  under  certain 
conditions,  develop  into  a  spore,  and  it  is  then  highly  resistant  to  the 
action  of  external  agents,  such  as  heat,  antiseptics,  etc  A  few  patho- 
genetic forms  (chiefly  streptothrices,  e.g.  streptothrix  actinomyces)  belong 
to  the  higher  bacteria ;  these  organisms  have  a  filamentous  character  (the 
filaments  being  made  up  of  units  resembling  the  lower  bacteria  in  form), 
and  here  there  is  more  interdependence  between  the  units  composing  thu 
filaments. 

I.  Thb  Relations  op  Bacteria  to  Disease 

The  Biology  of  the  Bacteria  in  Relation  to  Disease. — Wliile  the 
bacteria  are  structurally  simple,  their  protoplasm  is  as  capable  of  complex 
activity  as  that  of  any  other  form  of  life.  The  chief  part  played  by 
bacteria  in  nature  is  in  connexion  with  putrefaction.  Most  bacteria  find 
tlieir  food  in  the  dead  bodies  of  plants  or  animals,  or  their  excreta,  and  so 
far  bacteria  are  saprophytes.  From  the  pathological  aspect,  however,  the 
most  important  point  with  regard  to  the  food-supply  of  bacteria  is  that 
it  may  be  furnished  in  the  body  of  a  living  animal.  Infective  bacterial 
disease  depends  on  the  capacity  of  certain  bacteria  to  live  and  multiply 
in  the  tissues  of  the  body.  As  primitive  animal  cells  depended  for 
their  nourishment  on  albuminous  material  previously  elaborated  by 
plants,  the  way  was  oj>ened  for  the  development  of  parasitic  tendencies 
by  living  plants  thus  ingested,  and  there  is  no  doubt  that  very  early 
such  parasitism  arose.  It  is  thus  possible  that  the  i>athogenetic  Itacteria 
have  all  originally  been  derived  from  non-pathogenetic  forms.  And  as 
in  origin  there  is  probably  no  difference  between  parasitic  and  saprophytic 
forms,  so  it  is  imirossible  to  draw  a  hard-and-fast  line  between  parasitic 
and  saprophytic  bacteria  as  they  exist  at  present. 

Thus  organisms  which,  though  usually  occurring  in  the  bodies  of 
animals,  cjin  be  grown  in  or  on  the  ustial  laboratorj'  media  are  not 
oblig;itory  jKirasites,  for  they  possess  the  faculty  of  living  on  dead  matter 
outside  the  animal  body. 

This  truth  is  of  the  utmost  importance  in  the  etiology,  prevention, 
and  hygienic  treatment  of  infective  diseases.  We  know  very  little  of 
the  natural  life  and  habitJit  of  most  pathogenetic  organisms ;  and  often 
when  we  ar<;uo  that  certain  infective  organisms  cannot  find  suitable 
conditions  for  growth  outside  the  animal  hotly,  wo  may  be  arguing 
from  ignorance.  More  than  one  organism,  once  thought  to  bo  strictly 
a  [wrasite,  is  now  recognised  to  be  sometimes  a  saprophyte.    The  tul>ercle 


bftdUiu,  for  instance,  grows  well  on  ordinary  potatoes  and  on  bread  at 
tha  ordinxry  room  teniperatiiro  nnd  at  hlootl-lieat ;  it  is  certainly  there- 
fan  A  (acuUativo  saprophyte.  Moreover,  it  is  very  probable  that  many 
pathogenetic  bacteria,  such,  for  instance,  as  the  tetanus  bacillus,  usually 
live  a  sapropliylic  oxi^tence,  and  yain  f ntrance  as  panwitea  to  tlie  animal 
IwmJv  only  occisionally.  Again^  although  some  orgnnisnis,  usually 
*upM|ihytic  in  niiini'e,  prixba-e  diseaj?c  when  they  gain  entrance  into  the 
Xfody  by  accident  or  expeiiment,  in  many  c;ises  fiapro|»liytes  may  b« 
introduced  without  giving  rise  to  any  changes  whatever.  Several  factor's 
— such  as  nnwonted  temperature  and  footl  supply — may  Iw  concerned  in 
chiss  but  we  sluhll  see,  when  considering  the  queeLion  of  immunity,  that 
irrence  opens  up  very  deep  problems  concerning  the  mutual 
1^  of  cells  of  dfrteront  kinds. 
The  Bacteria  associated  with  Disease  Processes. — The  following 
ajc  the  fiti*/ bacteria  concerned  with  disease.  \\'ith  few  exceptiona  they 
hare  >«en  isolated  and  grown  in  pure  culture. 

.A-  LOWER  BACTERIA. 

CocJCi.' — i<taphylnctn'nig  pyogenes  aureuf  (also  vam  itlbus,  ritrem,  Jiartit-^ 
efrciitalhti!i,rfrruiJfitvu4)^Strrjitocouu$}iyoiini'^(ii]iio\aT.trjf9ipciatis)t 
i*nr» JrttT/vrti*,  (J&nocuccHt,  Micro&jcetuf  f«WtVflwi>,  IHplococau  intra- 
eeliularii  fMntnyitidie. 

BaCIIJX — Bacillus  anthrnnSf  BaciUut  pMlis^  Itaeillm  lijphMUi,  Haeillu* 
coh\  Bfu-iltut  Jtfsfntrri'f  (Shiga),  BarHhit  ivJIuffHSur^  Bat-iltut 
Aiphthtritr^  Bacilhi*  tetania  lianlhu  o-rienuitis  malitpti^  HnrUhut 
ffifcirrciiJtNrut,  liacillm  Irprft^  BacitlHt  niallri. 

Spirilla. —  Vibrio  cholem. 

Bv  HIGHEU  BACTEUIA. — tttreptothrix  actinomyna,  Streptothrix  madurttt, 

Tbe  Reeogrnitlon  of  a  Bacterium  as  the  Cause  of  a  Disease. — The 

of  the  evidence  for  a  bjicterium  as  the  uiusu  of  a  given  disease 

in  ililferent  instances.     In  some  cases  the  proof  is  abfinkue,   in 

others  It   is   comparatively  incomplete;    to  be  rigorous,  the    following 

conditions  must  1^  fulfille*!  :  (n)  the  Ijacterium  must  Iw  invariably  foinid 

in  the  tissues  of  an  animal  dead   from  or  affpclcd  with  the  disejise  in 

;     (h)    it    must    never    occur    in    ntlier    diseast's    or    in    noi*mal 

(V)  the  orgjiiiism  transmitted  from  the  discaseil  or  dead  animal 

in  an  unafTi-cied  animal  of  the  siime  s[>ecies  must  produce  leMons  .similar 

to  those  preHent  in  the  animal  from  which  it  was  derived,  and  in  this 

Mpcood  diseased  animal  the  original  organism  must  be  found  :  ('/)  if  tlie 

11  can  be  cultivated  outside  the   animal  botly,  ihen  an  artificial 

:  n  inocidatcd  experimentally  into  an  animal  must  agsun  produce 

U'it:  d^HiJise,  and  this  animal   must    a^^ain    contain   the   organism   in   its 

'^SiaRUC^  or  blootl  ;  {r)  it  is  an  additional   link   in   the   chain   of  evidence 

when  toxins  having  a  specific  action  can  bo  isolated  from  cultures  of  the 


bacterium,  and  when  these  reprtxluce  in  attimaU  the  chanicteriatic 
features  of  infection  with  the  living  organisms ;  (/)  these  processes  must 
occur  in  invariable  succession  under  identical  conditions. 

In  human  diseases  it  is  of  course  rarely  possible  to  establish  the 
causal  relationship  between  a  bacterium  and  a  disease  by  strictly  followin 
these  canons.  Kut  a  piitctically  certain  proof  is  attainable  in  such  cas 
by  establishing  canons  (n)  and  (b),  by  then  repiixliicing  the  diswLse  in 
aniniuls  and  satisfying  the  remiiining  canons  in  the  experimental  inocu- 
lations. This  is  what  hsis  happened  in  the  cjise  of  tulwrculosis.  The 
tubercle  Ijacillus  has  l>een  found  in  praclieally  every  manifestation  of 
human  tuberculosis.  Pieces  of  such  tuberculous  tissues,  or  pure  cultures 
isolated  from  these  tissues,  have  been  used  in  inoculation  experiments,  and 
have  set  up  in  animals  lesions  identical  with  some  form  of  the  human 
disease.  From  these  lesions  the  Ijacillus  has  again  l>een  recovered.  Tlic 
moro  the  effects  produced  in  animals  diHer  from  those  obtaining  in  man 
the  gi'eater  care  must  be  exercised  in  dmwing  conclusions,  and  the 
diificiUty  of  the  situiition  may  l>e  further  increased  by  the  non-specific 
nature  of  the  lesions  of  the  original  disease.  A  gc»od  example  is  fountl 
in  pneumonia.  In  man  there  is  usually  a  lesion  strictly  confined  to  the 
lung.  This  lesion  is,  however,  merely*  a  particuhir  type  of  an  ordinary 
inflammation,  such  as  occui-s  associated  with  many  organisms.  It  is  true 
that  from  the  great  nwyority  of  aises  of  pneumonia  a  specific  bacterium — 
tho  piieumocoecus — can  be  isolate*.!.  When  this  organism  is  injected  into 
nn  animal,  such  as  tho  rabbit,  it  will  produce,  even  if  inoculation  into  the 
lung  be  practised,  not  a  pneumonia  but  a  general  septica'mio,  chamctcn'secE 
by  a  distribution  of  the  bacteiia  all  over  the  body,  with,  it  may  be,  a 
tendency  to  local  purulent  serous  iiiHammalion.  If,  however,  an  intra- 
pulmonary  inoculation  Ije  practised  in  the  sheep,  then,  as  Gamaleia  (132) 
has  shewn,  a  condition  practically  identical  with  the  human  lesion  is 
produce*!.  There  is  thus  little  doubt  that  the  organism  is  the  cause  of 
pneiimoniiL  in  man,  and  this  conclur^ion  is  supported  by  the  very  interesting 
c;«es  of  sei-ons  iiiritiTrimations  which  occur  from  time  to  time,  especiully  in 
chiUlrcn,  and  from  which  the  piieunuH:(>c('u>  lias  been  isolated. 

The  Evidence  that  particular  Bacteria  are  Morbific  Agents.— 
Having  given  a  list  of  the  chief  liacteria  isohUed  from  human  infective 
disea.4e,  we  shall  now  give  in  brief  outline  the  nature  of  the  evidence 
on  which  their  etiological  relation  to  the  dittcrcnt  diseases  rests.  (I)  In 
the  case  of  some  Imcteria  the  pn»of  mav  be  said  to  be  absolute,  since 
inoculations  of  humjin  l>eings  with  pure  cultures  have  been  followed  by  the 
appearance  of  charticteristic  signs  of  the  corresponding  disease.  This  i» 
true  of  the  Sttipli'/lm-jifeus  pt/opnte^i  aurt*u.<  in  its  relationship  to  boils. 
Such  a  lesion  was  produced  by  a  bacteriologist  rubbing  a  pure  culture 
into  his  own  arm  after  the  sltin  had  been  sterilised.  The  same  is  true  of 
the  erysipelad  variety  of  the  Stirplffr/nTua  pifOf^mra.  The  .'(upj»f».sed 
effect  of  erysijwlas  in  promoting  the  disappearance  of  malignant  tumours 
justified  Fehleisen  (li!0)  in  injecting  into  jMitients  pure  cultures  of  this 
organism  named,  and  in  the  cases  so  treated  the  disease  resulted.    Again, 


« 


th*t   the  gonococcus  is  the  cause  of   gonon-hcwv  has  1)6611  proved  by 
itiocuUUniis  in  n»in  Hv  Bunim  (01). 

(2)  There  are  several  htinuin  flismses  the  l»ftctcnal  etiology  of  which 
has  heen  flnlmtJintiaU'*!  acci<lenUilIy.  Of  these  the  thief  are  typhoid  fever, 
t'holera,  plague,  Malta  fever.  In  the  cases  of  the  first  two  the  evidence 
derivable  from  animal  experimeut  ia  niisatiijfactory.  XJnder  natural  con- 
•litinns  of  infection  nnimalg  do  not  snffer  from  either  disease ;  injection 
.•f  nnimaU  with  the  bacteria  isolated  from  man  is  not  followed  by  the 
charact«ri5tic  sijjns  of  the  human  disease,  and  subcutaneous  inoculation 
with  lalmratory  cidtnres  often  produces  no  disease  whatever.  VClth 
intra- peritoneal  inoculation,  however,  there  is  usually  comparatively 
n»pid  death  in,  say,  from  a  few  hours  to  some  days,  with  some  peri- 
t«in>tt»  and  a  semi-puniletit  exudation.  In  the  ca^e  of  the  t\*phoid 
Incillos  a  condition  somewhat  resembling  the  natural  disease  haa  been 
produpiMi  by  Sanarelli  (303),  who  found  that  if  the  bacilli  were  injected 
into  an  animal,  together  with  toxins  derived  from  the  bacillus  coli,  api>ear- 
anccs  Btiggestive  of  early  typhoid  fever  appeared  in  the  intestine.  In 
lh«  case  of  cholera  the  nejirest  approach  to  an  imitation  of  the  natural 
4i30Lse  occurre<l  in  the  experiments  of  Koch  (lfi2).  Tins  oWrver 
injected  the  vibriris  into  the  stomach,  having  lirst  neutralised  the  gastric 
juir«  with  !<o<Iinm  carbonate :  further,  by  ]»aralysing  the  intestinal 
jiemtaldH  with  opium,  lie  ensured  that  the  organism  should  remmn  a 
sufficient  time  in  the  boM'el  to  produce  its  toxic  effects.  The  animals  in 
auiny  cases  preiseuted  eymptoms  closely  resembling  cholera  in  mnii.  Hut 
neither  in  the  case  of  typhoid  fever  nor  of  cholem  was  the  proof  absolutely 
convincing.  It  has  happened,  however,  that  bacteriologists  have  acci- 
dentally swallowed  pure  cultures  of  the  organisms,  and  have  subsequently 
developed  the  cttrreafKmdiiig  <iisejute.  In  the  cise  of  cholera,  a  numVH?r  of 
intetitional  feeding  experiments  have  also  been  jierformed  by  bactorio- 
iogiarU  on  themselves,  and  have  l>een  followed  by  choleraic  symptoms. 
In  the  case  of  plague,  animal  expcriment»  rcprtKluce  ]>atlu)logicnl  condi- 
ticmii  practically  identical  with  the  types  of  the  disease  found  in  man  : 
but  hfre,  again,  accidental  inocidations  with  cultures  in  man  have  l>een 
followed  by  the  development  of  the  disease.  In  the  case  of  Malta 
fov.»r.   Imoteriologists  who  could   not    have    been   infected    by   ordinary 

!  m-jU,  l«ut  who  were  working  with  pure  cultures,  have  become  infected 

'he  disease.     Although  in  such  accidental  innculaticuis  in  man  the 

conditions  of  scientific  experiment  were  not  rigorously  fulfilled,  the  results 

furtusb  a  jiresumptive  proof  of  the  causal  relationship  of  the  Ittcteria  to 

the  diMMue  which  is  little  short  of  absolute. 

(3)  In  by  far  the  greater  number  of  diseases  in  man  from  which 
CMtAin  (lacterin  have  unifumily  been  isolated,  the  proof  that  these  are 
rrally  the  r.nises  of  the  corresponding  affections  rests  on  evidence  derived 
frrtm  jxindlel*  between  the  lesions  of  the  natund  diseases  in  man  and 
ihi*  lesions  ])roduced  under  rigid  experimenuU  conditions  in  animals. 
Such  is  the  case  with  many  of  the  inflammatory  and  suppurative  diseases 
from   which    v,^rious  organisms  enumei*ate<^l   al>ove   have   been   isolated  ; 
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it  is  the  case  with  the  more  slowly  developing  or  chroiiio  inllamimitions 
characteristic  of  tubciculosia  in  all  its  manit'cstAtions,  with  glanders,  actino- 
mycosis, anthrax,  itiHiienzit,  diphtheria,  and  toUuiim.  Frequently,  a» 
in  the  case  of  the  last  two  diaeaaea,  the  iKiralltilisni  l}etwcen  the  natural 
lesions  in  man  and  the  artificial  disease  in  animals  is  very  close.  In  other 
CHiies,  \\f»  in  that  of  the  pneumococciis  alre^idy  diHcussed,  the  results  of  the 
imxrulation  of  somi)  species  of  aniniulH  diflcr  much  from  the  ejects  pro- 
duced  in  man,  and  a  special  lino  of  interpretation  must  be  adopted. 

(4)  In  the  cases  of  some  diseases — of  which  leprosy  is  an  example — 
the  only  fa<!t  on  which  an  etiological  relationship  can  he  founilcd  is  ttic 
constiuib  occurrence  of  an  organism  with  6{>ecial  staining  characters 
associated  with  a  disease.  In  the  cose  cited,  the  asuiciation  is  so  con- 
stant and  the  characteristics  of  the  organism  so  special,  that  there  can 
be  little  doubt  that  further  investigation  will  ser^'e  to  confirm  the 
relationship  which  is  at  present  strongly  Busiicctoil. 

Conceptions  of  Infection  and  Contagion.  —  Formerly  pathologists 
uudersU^od  by  infective  discjtscs  those  which  are  sot  up  by  curtain  [xusons^ 
or  poisonous  substances  (whether  organised— that  is  living — ur  non- 
organised)  cither  entering  the  body  frum  without,  or  manufactured  in  or 
by  the  tissues  of  diseased  individuals.  They  distingtiished  between  a  rsm- 
iiufxkim  and  a  ummux^  the  former  l>eing  an  endogcntHia  virus  developed  in 
the  diseased  individual,  while  the  latter  was  /issurned  to  arise  exogonously, 
that  is,  outside  the  diseased  organism.  According  to  this  view  contagious 
diseases  can  be  transmitted  only  from  man  to  man,  or  from  animal  to  man, 
or  conversely  ;  while  miasmatic  diseases  may  be  acquired  without  contact 
with  individuals  similarly  affected.   This  distinction  Ie<l  to  many  difhcultieH. 

With  the  advance  of  bacteriology  these  conceptions  have  become 
modified.  At  the  present  time  wo  include  under  infective  discjises  only 
those  which  are  caused  by  living  pathogenetic  germs  which  enter  the  tissues 
from  without,  and  are  capable  of  multiplying  in  or  on  the  same.  We  tjike  no 
account  of  the  ditfcrencos  which  e.vist  among  these  germs  in  their  capacity 
of  living  for  longer  or  shorter  iwriuls  outside  the  animal  body,  differences 
which  were  the  ba.<ii9  of  the  old  distinction  between  coritiigion  and  infec- 
tion. Infection  must  be  used  ;is  the  general  term,  including  contagion. 
It  is  evident  that  a  disease  or  lesion  wdled  infective  may  Iw  transmittwi 
by  direct  contact  from  the  diseased  to  the  healthy,  since  the  germs 
to  which  the  mischief  is  due  arc  ciipable,  it  may  be,  of  unlimited  repro- 
duction within  the  diseased  body ;  but  it  does  not  necessarily  follow  that 
it  is  always,  or  even  usually,  thus  transmitted.  Pneumonia,  typhoid  fever, 
and  cholera  are  all  infective  diseases,  but  are  they  ordinarily  contagious  ? 

Whether  a  disease  be  directly  or  indirectly  contagious,  or  l>oth,  will 
depend  primarily  on  the  nature  of  the  org:ini5m  which  causes  the  disease. 
If  an  infective  lesion  be  ilue  to  an  organism  usually  jjaraaitic,  then  it 
will  bo  transmitted  by  direct  contact,  that  is,  by  immediate  transference 
from  living  tissue  to  living  tissue.  The  less  parasitic,  and  therefore  the 
more  saprophytic  the  infective  organisms,  the  gi'catcr  will  be  the  chances 
of  transmitting  the  lesion  by  indirect  contact,  t.g.  by  the  air ;  for  in  thia 
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cftM  the  organisms  can  thrivo  for  a  considerable  time  outside  tho  animal 
body.  Tbia  is  a  matter  of  some  practical  importance,  because  a  disease 
iho  contAgion  of  which  is  exclusively  direct  can  be  stamped  out  by 
isoUtion  ;  while  in  a  dise;ise  both  directly  and  indirectly  contagious 
isolation  alone  is  of  less  avail. 

Amm^ng  the  more  important  infective  diseases  on  this  principle  vec 
find  that  ihert'  iire — 

L  Diseases  caused  by  organisms  v^hii'Jt  rendibj  pfriah  ouiside  the  litiiiff 
animal  body ;  these  may  be  directly  contagious,  and  are  preventible  by 
ijwUUon,  segregation,  or  destniclion  of  the  individual ;  assisted,  of  course, 
by  disinfeclive  measmes.     Examples  arc  syphilis  and  gonorrha'a.      The 

tinisms  wtiich  cause  these  diseases  are  of  slight  resistance,  and  outside 

animal  body  soon  die. 

iL  Diseases  caused  by  organisms  of  greater  resistance,  capable  of 
wirriving,  for  a  time  at  any  nite,  outside  the  animal  btxly,  although 
uic*|jable  of  mnltiplj-ing  under  such  conditions;  these,  though  genemlly 
or  almost  alwaysMirpctly  contjigtous,  may  occasionally  bo  indirectly  con- 
tagions also.  Examples  are  variola,  scarlatina,  measles,  glanders,  diph- 
tboria.  Isolation  and  segregation  with  disinfection  are  usually  the  beat 
mesoB  of  preventing  infection. 

iii.  Disejtses  caused  by  orffanistm  capable  of  thiirinrj  outside  the  nnimnl 
Aorfy ;  these  are  ob\'ioualy  either  directly  or  indirectly  contagious ;  and 
tho  greater  the  Bapro|>hytic  faculty  of  the  organisms,  the  greater  the 
chancer  of  indirect  contagion.  Segregation  and  isolation  are  relatively 
ioefTcetual  as  preventive  mciisures;  and  absolute  disinfection  is,  strictly 
speaking,  the  only  means  of  prevention ;  in  practice,  however,  this  is 
almost  always  impossible.  Exikuiples  are  tu}>erculosis,  cholera,  typhoid 
fever.  It  is  qnite  possible  that  with  increased  knowledge  of  tho 
biological  conditions  of  pathogenetic  organisms  more  than  one  disease  at 
prBacut  included  in  the  previous  groups  vnll  evcrilunlty  have  to  be  placed 
iu  thii  one.  Thus  it  seems  possible  that  tho  bucillns  of  diphtheria  may 
b«  sometimes  a  saprophyte. 

iv.  Diaeuses  caused  by  orijonisms  nmnlly  mf-m*jifn/tk  but  capjible  of 
acting  as  parasites  ;  these  are  hawUy  ever  directly  contagious.  Examples 
ar«  found  in  tet^inus,  malignant  c^dema,  and  prolmbly  in  some  epidemics 

summer  dbirrliiL'a.     Here  also  might  be  included  some  of  tho  disease 

iditions  oiiginated  by  the  B,  mli,  which  is  an  ordinary  inhabitant,  of 
the  bmuaii  intestine.  The  more  widely  an  organism  of  this  class  is 
dtsuibut«tl  the  less  contagious  will  bo  the  disease  caused  by  it  Tetanus, 
for  instance,  is  hardly  ever  directly  or  indirectly  contagious  ;  it  is  generally 
acquired  independently  of  any  previous  ciiso. 

Obviously  it  is  a  matter  of  great  difficulty  to  draw  a  hard-and-fast 
le  between  the  organisms  concerned  in  the  conditions  included  in  the 
ird  and   fourth  groups,  and  it  cannot  Ims  said   that  in  every  case  a 

Inito  opinion  can  be  given  whether  an  organism  is  mainly  parasitic  or 

linly  saprophytic  in  habitat.     It  must  Ihj  admitiod  that  here  bacteriology 

lot  as  yet  always  give  a  complete  explanation  of  the  facts  observed  by 


the  epidomialogisc  The  social,  nicial,  local,  climatic,  aiid  general  hygienic 
conditioHB  are  always  of  great  importance  in  mixlifying  the  incidence 
of  iiifecLioiiB,  and  these  conditions  are  no  doubt  often  extremely 
complex.  For  instance,  a  l)roak  in  direct  case -continuity  Itctween  an 
epidemic  of  dijihlhoria  and  one  occurring  in  the  same  ai-ea  at  a  siibse- 
ipient  date  might  indicate  for  the  diphtheria  hacilhis  a  maiidy  ^prophytic 
existence.  On  the  other  hand,  the  existence  during  diphtheria  epidemics 
of  mild  cases  of  sore  throat,  really  diphtheriiic  in  nature,  opens  up  the  way 
for  the  iKtcillus  hcing  maintained  in  the  human  throat  and  transferred 
from  person  to  jx-i-son  in  a  state  of  »light  or  suppressed  itfilhogenicity 
during  the  [teriotl  when  the  <lisftt8e  was  apfwrentl^v  non-existent.  Such 
an  exphiwition,  however,  oven  if  valid  in  one  instance,  proltahly  would 
not  account  f(ir  all  such  occurrences.  Thus  the  seasonal  recurretice  so 
marked  in  many  epidemic  diseases,  such  as  plague,  constitutes  a  very 
dirticult  prohii-'in,  which  in  this  jiarticular  example  i.s  complicatetl  by  the 
possibility  that  epidemics  in  man  may  be  ass<icintc<l  with  epidemics  in 
one  of  the  lower  animals,  namely,  the  rat.  Indeed,  the  possibility  that 
in  many  human  diseases  there  may  be  an  extni-hunian  host,  and  in  some 
infections  an  intra-human  and  extra-human  cycle  for  the  morbific  agent, 
has  only  within  recent  years  been  aeriously  considered.  In  the  non- 
bacterial infectirtn  of  miUaria  the  recognitinn  of  such  an  occurrence  has 
to  a  large  extent  witisfactorily  »ottlo<l  the  epidemiology  of  this  disease  ; 
ami  the  fact  that  in  yellow  fever  the  interposition  of  a  mosijuito 
is  neoessiiry  for  the  muintenance  of  the  disease  in  an  epidemic  form  has 
not  ordy  furnished  a  fresh  proof  for  the  necessity  of  keeping  the  possibility 
of  the  recurrence  of  extra-human  hosts  in  view,  but  in  the  disease  in 
<|Ue.Htion  has  explained  its  occasional  and  local  prevalence.  Tlien,  again, 
the  biuloLncal  qualities  of  an  organism  must  he  taken  into  account.  Thus 
in  a  hacterium  which  forms  spores  no  extracorporeal  germination  of  the 
spores  need  take  phice  after  they  are  formed  till  they  again  find  them- 
selves in  the  body  of  an  animal.  In  the  case  of  anthrax,  for  instance, 
though  there  is  little  doubt  that  germination  often  occurs  saprophytically, 
yet  in  other  circumstances  the  spores  can  be  tyirrietl  across  the  world  in, 
for  instance,  horsediair,  probably  without  undergoing  germination  till 
they  puss  into  an  aninml':*  bfMly. 

Modes  of  Entrance  of  Bacteria  into  the  Body. — It  is  important  to 
keep  such  considerations  in  mind  in  discusRing  the  ways  in  which  Kacieria 
gain  entrance  to  the  body.  In  the  healthy  animal  the  blood  and  tissues 
are  free  from  pathogenetic  l>acieria.  Whether  all  bacteria  are  absent 
is  a  much  disputed  point.  In  the  alimcntjiry  tract  there  is  an  extensive 
bacteirial  flura,  and  the  same,  though  to  a  !es8  extent,  is  true  of  the  skin. 
The  pulmonary  alveoli  and  pi*obably  the  smaller  bronchi  do  not  contaiai 
bacteria,  but  probably  these  are  usually  present  in  the  larger  air-p)us«ige8.| 
Most  of  the  bacteria  in  such  situations  are  non-pathogen etic,  and  ai 
putrefactive  organisms  li\-ing  on  organic  matter  either  derived 
the  host  or  from  extraneous  sources.  Often,  however,  pathogenetic 
bacteria  are  found  leading  a  saprophytic  existence  on  the  surfaces  of  the 


animal  hoily.  In  the  intestinal  eanal  of  man  tliero  are  great  numbers 
of  the  JJocillus  (oH^  which  is  capable  of  originating  suppuration,  and  is 
(*ft«n  found  in  abscesses  in  connexion  with  the  alidominal  organs, 
moro  particularly  those  of  the  gcnito-urinary  fi3'stem.  Here  also  there 
frer|ueiitly  exists  the  Strrpto>:i>cau<  pi/i/fimes^  one  of  the  most  common 
anises  of  inflammation  and  suppuration  ;  in  the  mouth  and  on  the  skin 
Auotber  pyogeiielic  microbe,  the  Stupht/locoffu.^  f»/otfenes^  in  one  or  other 
of  its  varieties,  often  occurs.  In  the  mouth  there  is  also  often  the 
pneumococcuSf  which  is  the  cause  of  acute  pneumonic  conditions,  and 
Duiy  originate  other  inflammations  also.  ^^hy  these  bacteria  pass 
from  their  usual  harmless  existence  to  a  pathogenetic  state  is  a  question 
for  future  eonsitiemtion.  M'hen  a  healthy  individual  comes  in  contact 
with  one  sulfering  from  Itactorial  diseiise,  the  opporttmity  for  becoming 
the  hoel  of  pathogenetic  bacteria  of  le^^s  universal  distribution  arises;  and 
while  not  snfl'ering  from  disease  himself,  he  may  yet  be  the  carrier  of 
infection  to  others.  Formerly  this  factor  was  no  doubt  often  tiie  cause 
of  the  oiitlirwiks  of  erysipelas  in  hospital  wanls. 

We  shall  now  consider  how  bacteria  brought  to  the  body  gain  a  footing 
in  or  \i\K>n  it.  A  frequent  means  of  entrance  is  through  some  wound,  and 
it  i«  poi%?ible  that  infection  ma}-  occur  in  this  way  even  in  the  alimerUary 
tract,  where  not  only  may  an  injury  \je  caused  by  the  ingestion  of  hard 
nwtenal  in  the  food,  but  where  the  irritation  of  small  inspissated  j>article8, 
especially  if  long  in  contact  with  one  pait,  may  originate  an  abrasion  ; 
though  it  is  fair  to  ?>ay  that  post-mortem  evidence  of  such  an  occurrence 
is  not  very  frequently  obtained.  Sometimes  a  morbid  condition  of  a 
surface  of  the  l>ody.  due  to  non-microbic  causes,  may  enable  infection  to 
take  place.  A  familiar  exam])lc  is  found  in  the  suppuration  which  may 
occur  in  glands  related  to  a  part  of  the  body  where  the  epithelial  catanli 
found  in  eczema  bis  demided  the  cutis  vera  of  its  covering.  The  entrance 
of  liacteria  into  the  Inxiy  is  frequently  secondaiy  to  effect*  produced  by 
lh«m  on  the  cells  of  the  internal  or  external  stirfacea  of  the  body.  In 
Mich  a  case  the  superficial  cells  may  die,  and  thus  lose  their  intimate 
connexions  with  each  other  and  with  the  imderlying  tissues;  so  that 
hftcteria  may  g.'iin  access  to  the  suVijacent  structures  by  direct  growth,  or, 
mechanically,  through  the  movements  to  which  all  pfirts  of  the  body  are 
sabject  during  onlinary  active  life,  A  probable  example  of  this  is 
frequently  seen  iti  the  skin  infection  which  takes  place  throiigh  hair- 
follicles  or  seliaceous  glands,  and  in  some  of  the  tonsillar  infections.  In 
liii*  case  the  tonsillar  crj'pta,  which  are  so  often  attacked,  present  little 
more  than  a  single  Uyer  of  flattened  cells  covering  the  subjacent 
l)*inpboid  tissue.  The  local  activity  of  bacteria  in  such  a  case  may 
inclifcde  not  only  the  death  of  superficial  cells,  but  also  the  origination 
of  a  prolifeniive  catairhal  process.  The  consequent  denudation  is  no 
doubt  often  a  factor  in  such  infections  as  those  which  are  seen  in  the 
hin^  Another  method  by  which  l)acteria  may  gain  entrance  to  the 
body  is  by  being  taken  up  into  the  tissues  by  means  of  the  wandering 
«iUb  often   foumi   on   internal   surfaces,   especially  those    of   the   lungs 
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(Stohr  (330),  Dui'bam  (95)).  The  activity  of  tlieae  cella  can  be  seen  in 
pnictrically  every  Iniig,  in  which  the  fine  pi<;nieiil  inhaJetl  as  smoke  is 
Uikeii  up  ami  tiiiiilly  ilcposiU'il  in  its  interlobukr  spaces  aTid  lyniphalic 
gbiids.  It  is  uunecossury  hero  to  go  into  the  question  of  the  origin 
uf  these  cells;  aiiflice  it  to  say  that  they  can  be  fiequently  soon  in  the 
lymphatics  carrying  the  pigment  in  their  protoplasm.  That  such  cells 
may  take  up  bacteria  attached  to  diist  particles  there  is  no  doubt,  and 
the  occurrence  may  expUiti  some  of  tlie  cases  where  a  tuberculous  infec- 
tion of  the  bronchial  glands  occurs  without  any  uppjirent  source  of 
infection.  A  similar  cxplanfttion  probably  accounts  for  oerUiin  aises 
in  which  bacteria,  of  which  the  tulHjrcle  bacillus  may  be  again  taken 
as  a  tyi>e,  •»iun  pntmnce  throngh  the  walls  of  the  alimcntarv  canal. 

Conditions  In  the  Infecting  Agent  modifying  Pathogenetic  Action. 
— The  mere  introduction  of  pathogeni'tic  germs  into  the  animal  body  is 
not  in  itself  sufficient  under  all  conditions  to  cause  disease.  What  will 
happen  dt/peri'l^  un  niar\y  factors  uhich  are  partly  connected  with  the 
infecting  IwicI'Crium,  partly  with  the  infected  organism.  From  the  side 
of  the  bacteria  the  following  arc  the  most  imporUinL 

(«)  NmnUr  of  Bttetfria  IiJrf^lnrcd. — Some  organisms  will  produce 
disease  when  they  have  been  introduced  into  the  body  in  very  small 
numbora.  Othei*8  are  virulent  only  when  received  in  largo  ntiraliers. 
Thus  guineJi-pigs  suc<^nmb  to  the  smallest  injection  of  the  tet^mns  iMicillns, 
and  rabbits  generally  acquire  a  fatal  septiciemia  when  injecte*!  with  « 
very  small  number  of  virulent  pncumococci.  On  the  other  hand,  a 
large  numlwr  of  the  HatilhiA  pyorj/an^u.t  is  ret[uired  to  bring  about  a 
fatfll  scptica?mia  in  rwlents,  or  of  pj'ogenetic  staphylococci  to  produce 
suppuration.  To  some  extent,  no  doubt,  these  lalwratory  oljservations 
apitly  also  to  natural  conditiints,  esiwcially  since  experiment  shews  that 
the  result  proiluccd  often  varies  with  the  <[iiantity  of  germs  introduced. 
Thus  a  small  number  of  the  Bai-ilhs  jrift^ajitneits  will  lead  to  a  snudl 
local  abscess  only,  a  larger  number  will  le;id  to  local  necrosis,  and  a  still 
larger  num1)er  to  sopttefi&mia  and  deitth.  If  we  exclude  the  rare  coses 
where  a  single  bacterium  may  give  rise  to  a  faUd  infection,  we  find 
generally  th.tt  an  animal  t>nn  (lispnse  of  a  certain  ntunber  of  an  organism 
to  which  it  is  susceptible  without  manifesting  signs  of  disease. 

The  bearing  of  these  obser^•ations  on  the  phenomena  of  natural  infec- 
tion is  obvious.  It  Hnds  practical  recognition  in  the  hygienic  [>rinciple 
that  in  many  infectious  diseases  the  greater  the  air-siMice  round  an  infected 
individual  the  less  the  risk  of  infection  to  persons  in  the  same  room.  No 
doubt  other  factors  besides  the  concentration  of  virus  contribute  to  this 
result,  but  such  Concentration  m\ist  Ijc  taken  inti>  account. 

The  nbumhuice  of  germs  leaving  the  atTc<.'te(l  individual  favours  in- 
direct contagion  by  causing  a  wider  ditfusion,  and  by  offering  more 
chances  of  octanthropic  infection.  In  some  infective  diseases,  as  foi' 
instance  in  tetanus,  the  organisms  are  discharged  from  the  body  in  small 
numbers ;  in  others  the  numbers  discharged  are  great,  especiallv  in 
diseases  which  affect  the  excretory  passages,  or  organs  in  direct  or  easy 


conimunicaiioii  with  such  passages.  In  boctenal  intestinal  losions, — for 
example,  in  enteric  fever  and  cholera — -thoiiKinils  of  hicilli  or  vilirioa 
Dtuiit  (KISS  i»w:iy  with  the  tiejectii :  similarly  in  pulmoimiy  infections,  such 
u  tuberculosis,  pneumonia,  influenza,  the  sputa  swunu  with  bactei-ia, 
And  minute  portions  of  expectoration  discharged  into  the  air  may  carry 
the  organisms  to  a  considerable  dislance.  From  extensfve  ulcerating 
WtcrtAl  *kin  affections-  as,  for  example,  in  n(KluIar  leprosy — myriads 
hacilh'  may  be  discharged.  The  urine,  again,  may  contain  numerous 
*g:tiiisni8 — :is  in  gonorrh(Ka,  some  forms  of  puerjicral  fever,  enteric 
fever,  and  genito  tirinary  tuberculo.^i.s.  AVhen  the  bacteria  uro  relatively* 
incapable  of  sapntphjtic  existence,  or  when  from  the  nature  of  the 
disease  the  discbarges  can  be  closi'ly  giiarde<l.  the  danger  of  increased 
tlffTosinn  is  so  far  limited.  Thus  the  urine  in  gonorrhoea  and  tlic  s]mtum 
in  *cute  pneumonia  are  not  dangerous  sources  of  infection.  On  the  other 
tul,  conHumptivcd  by  tlieir  expectoration  contribute  largely  to  the 
ide  diffusion  of  the  tubercle  IjacilUis  ;  from  the  chronic  nature  of  their 
lliMBse  they  are  less  eusily  controlled,  and  are  reckless  with  their  exi>cc- 
tontioiu  though  within  recent  years  great  im]>roveraent  has  taken  place 
in  this  respect.  It  will  thus  bo  seen  that  the  risk  of  infection  duo  to 
tnere  numl>er8  of  bacteria  ^'aries  greatly  in  different  diseases. 

{it)  rirulrtifg. — As  the  shape  and  forms  of  bacteria  may  vary  or 
may  be  altered  by  changes  in  thcii-  3urro\uidinga,  so  likewise  may  their 
ph}*5JoIogicai,  chemical,  or  vital  activity  bo  greatly  modifietl — often  to 
auch  an  extetit  that  in  many  cases  wc  aecm  to  come  very  near  new 
Bpecic«.  Among  pathogenetic  bacteria  loss  of  virulence  is  not  only  the 
most  important  change,  but  also  that  most  frequently  observed.  Thus  the 
pncnmococ*;us,  if  continuously  grown  on  oi-dimuy  media,  very  soon  ceases 
to  \»e  \iruleiit,  and  this  loss  of  virtdenco  is  permanent ;  similarly  the 
diphlheria  bacillus  on  agar-agar  may  become  K^ss  virulenL  This  loss  of 
virulence  is  called  atifntt<ifl&n,  and  besides  prolonged  cultivation  in  or  on 
arfrficial  mediii,  it  may  bo  brought  about  in  many  ways,  as  by  heat, 
cTnporalion^  drying,  or  the  addition  of  chemical  subfitauL-ea  to  the 
cwUure  media :  these  methods,  however,  require  no  further  consideration. 
Attenuiition  may  be  temporarj'  or  it  may  l>e  permanent,  as  in  the  caae 
of  anthrax,  when?  the  loss  of  virulence  may  be,  moreover,  accompanied 

loffii  of  spore-formation.     It  is  often  found   also  that  an   org;xTiism 

lined  &om  a  bivctcrial  lesion  of  severe  or  malignant  ty]>c  soon  loses  its 
vinilencc,  or  is  from  the  outset  less  vindent  than  an  organism  separated 
from  a  less  severe  case  of  the  same  lesion.  Tho  streptococci  are  in  this 
respect,  perhaps,  tho  most  variable  of  all  germs.  This  variability  in 
ulence  cannot  be  satisfactoiily  explained  at  present;  but  it  must 
^essarily  lead  us  to  be  cautious  in  our  attempts  to  interjirot  vital 
phenomena  by  means  of  test-tulMj  reactions  only. 

Tho  virulence  of  many  organisms  may  also  be  permanently  or 
temporarily  increased,  either  by  changing  the  composition  of  the 
itrient  n»edia  in  or  on  which  they  grow,  or — especially  if  the  animals 

relatively  insusceptible -by  passing  tho  organisms  through  a  scries 


of  Animala  (a  procpss  whith  is  called  " jnustttje ").  In  some  cases,  how- 
ever, continued  passage  will  lead  to  permanent  attenuation — an  important 
ol>servation  in  so  f;u-  as  it  helps  to  throw  light  on  the  natural  decline  of 
many  epidemics,  whicli  may  ocjlsc  liv  virtue  of  a  gradual  att«miation 
brought  aliout  by  continuous  transmission  from  man  to  man.  Sometimes 
when  by  passage  the  virulence  of  an  organism  is  incrca8e<l  for  one  species 
of  animal  it  is  diminished  for  another.  Thus,  when  anthrax  is  pa6se<l 
through  a  series  of  gninea-pigs.  it  becomes  more  virulent  for  the  guinea- 
pig  and  less  virulent  for  the  ox. 

Most  writei*8  assume  the  existence  of  natimd  non-vinilent  varieties  in 
the  cases  of  the  organisms  of  cholera,  typhoid,  diphtheri;i,  pnenmoniji, 
and  traumatic  infections.  Thus  the  pneumococcus  has  l>een  found  for 
long  periods  inhabiting  the  mouths  of  apparently  healthy  individuals. 
Under  special  conditions — tuiknown  to  us — such  harmless  varieties  may 
acquire  virulence  either  before  or  on  gaining  access  to  the  Itody,  and  will 
then  be  capaVde  of  prorhicing  the  lesion  ])roper  to  each.  This  is  possible, 
if  not  probable :  it  is  safer,  however,  to  suspend  our  judgment  for  the 
present 

(c)  The  jMith  of  in/eciion  is  of  some  importance  in  modifying  the 
course  of  infection.  In  exjwrimental  work  the  same  number  of  l>act«ria 
will,  generally  speaking,  ciiuse  a  greater  effect  if  introduced  into  the 
animal  body  either  intravenously  or  intra-periconeally  than  if  injecteci 
suljontanenu^ly.  Thin,  when  some  of  the  |)yogenetic  organisms  are  intro- 
duced under  the  skin,  a  local  abscess  only  results,  while  if  they  be  injected 
intravenously  rapid  death  with  widespread  distribution  of  the  K'vcteria  all 
over  the  body  may  ensue.  In  certain  cases,  however,  when  intravenous 
injection  is  practised  the  bacteria  are  met  in  the  lilwxl  by  conditions 
fatal  to  their  vitality  in  a  way  that  does  not  happen  when  they  are 
lodged  under  the  skin.  Facts  similar-  to  those  derived  from  animal 
experiment  occur  in  natural  infection  in  man.  Here  the  8uscepti>»ility 
to  Iwicterial  infection  of  such  tissues  as  the  peritoneal  membrane  and  the 
synovia  of  joints,  as  compared  with  the  subcutaneous  tissues,  is  well 
known  to  the  siu'ge^m. 

(li)  Thf  iuhrnrfioti  of  MriouB  orffftnwns  probably  is  occasionally  of 
importance.  In  many  infective  jirocesses  we  often  find  two  or  mord* 
organisms  present,  that  is,  we  have  concurrent  infections  by  several 
organisms.  Thus  in  many  abscesses  the  Staph j/lococcus  ptfftfjfna  and 
the  Strr/fifM^trcus  pifogftics  are  Ijoth  present.  The  result  may  l»e  a 
summation  of  cflect  or  a  pre|>nrali(iri  by  one  organism  for  the  growth 
of  another.  It  has  been  shown  experimentjdly  that  a  non-jKithogenetic 
organism  (tliat  is,  an  nrgsinism  which  does  not  possess  the  power  of  pro- 
ducing sjH'cific  or  non-specific  morbid  changes  when  placed  in  the  tissues) 
may  Iw  i-etnlered  deadly  when  another  organism  is  introduc^fl  at  the 
same  time.  We  also  know  that  the  virulence  of  many  pathogenetic 
organisms  is  often  increased  or  decreased  by  the  concurrent  inoctUation 
of  another  organism,  which  again  m.iy  be  non-path' igenetic  ;  thus  it  was 
shown  by  8anarelli  (303)  that  the  injection  of  dead  cultures  of  £.  coli 


increased  the  pathogenetic  effect  of  the  B.  titphosui^  and  Vaillard  (333) 
kuu  ahnwii  that  the  pathogeniciry  of  the  tetanus  bacillus  is  nnich  increused 
if  the  Staph yhforrun  pi/fMjrues  itureus  be  al)*o  present  This  interaction 
of  micro-organisms  has  not  as  yet  Ijeen  sxifticiently  invcstigiitud,  am!  here 
ihis  brief  allusion  must  suffice;  it  has  been  studied  by  Dr.  Klein  (UiC), 
lo  whose  paper  the  reader  is  referred.  In  this  connexion  an  im]K>rtJiiit 
|)oint  is  that  if  in  certain  lesions  the  same  collection  of  organisms  be 
cunatautly  found,  we  may  be  led  astray  if  we  fix  on  one  of  ihem  as 
specific,  and  neglect  the  others  as  contaminations.  A  study  of  the 
correlation  and  inteniction  f>etn*eeu  the  \aiioU3  i>rjL;anism9  frequently  or 
almo^it  in^iu'iably  found  together,  may  in  future  explain  many  clinical 
pbennraena  and  r.}>servations  as  yet  obscure. 

Conditions  In  the  infected  Animal  modifying  Pathogenetic  Action. 
— Susceptibility  to  a  disease  is  oft*n  denominated  pre*liaposiliori ;  it 
may  lie  either  natui-al  or  acquireil.  A  natural  predisposition  may  be 
vither  a  pro|ierty  of  a  species,  which  as  such  is  transmitced  frum  parent 
to  offspring  (racial  prcdisjwsition) ;  or  it  may  >«•  nn  accidentiil  cliaracter 
of  one  or  more  individuals  of  a  species  (individiuil  predisposition),  not 
neoesfiarily  tnuismitted  to  tlie  ott'Hprin^'.  Thus  j^^uinwi  pigs  are  naturally 
extremely  susceptible  to  tuberculosi.H  ;  nwin  to  syphili-s  and  di]ihtheriu. 
Ou  Lfati  other  hand,  man  is  insusceptible  to  foot-and-mcMith  disease,  the 
common  fowl  to  natural  infection  with  tetanus.  In  n»any  cases  resistance 
is  rel«ti%'e  and  partial  only,  ai^,  for  exanijth.',  in  the  case  of  nnin's  resist- 
Uicv  agiiinst  tuijerculosis,  Iepro:?y,  anthrax,  or  cholera.  \Vc  must  thus 
Jisauine  that  sometimes  predisposition  is  entirely  or  piirtly  absent.  The 
eaose  of  indindual  pivdi»i>«>siliori  wo  do  not  umlerstand. 

Predisposition  probably  dei>ends  ou  various  factors,  among  which  the 
most  imfiorttuit  may  1>e — (1)  intrinsic  cell  pr\>perties;  uud  (2)  extrinsic 
conditions  reacting  Iiarmfully  on  the  Vjdy  and  its  tissue  -processes. 
Within  certain  limits  an  organism  has  special  cellular  mechanisms  which 
may  ward  ntT  an  infection.  Thus  the  acidity  of  the  gastric  juice,  and  a 
proper  supply  of  it,  may  prove  too  strong  for  the  cholera  vibrio;  the 
cUiat4Hl  epithelium,  the  sensitiveness  of  the  bronchial  mucous  membrane 
and  ihe  germicidal  action  of  the  mucus  mny  protect  the  respiratory  organs 
agaiost  an  invasion  by  tubercle  bacilli.  Again,  we  know  from  I.iiHler's 
exporiroents  that  the  age  and  nature  of  the  epithelifd  lining  are  condi- 
tions of  great  import^mce  in  the  case  of  (bphtheria;  the  vaginal  mucous 
merobmnu  of  young  animals  i.s  easily  attacked,  but  that  of  old  auimuls  is 
very  resistant.  Urth  and  AVyaaokowitsch  have  shewn  that  traumatic 
leuons  at  a  scat  of  infection  udl!  cause  a  local  predisposition  to  certain 
infective  processes.  These  investigators  pi-odnced  a  well-marked  malignant 
endoi'Artlilis  Ity  first  causing  a  !*light  injury  to  the  c;irfliac  valves,  and  then 
injecting  a  euJtuie  of  stn|>h)'lucocci  :  when  the  valves  were  intuct  emlo- 
caniitis  did  not  result.  In  natural  infections  in  m;in  we  have  an  example 
of  the  origination  of  such  pei>onaI  dispositions  in  the  occurrence  of 
pulmonary  tuberculosis  in  miners  exposed  to  the  inhahuion  of  granite 
dust  <*'<'  Haldane.  Martin,  and  Thomas  (143)). 


L  AeqHired  PrcUispogUion.  —  Varioiw  means  exist  by  which  a  re- 
fractory or  resistant  animal  can  bo  rendered  susceptible.  Wo  may 
leducc  the  natural  reaisunce  of  an  animal  against  a  microbe  cither  by 
genend  or  spociiil  )ritorfert'nce8,  and  thus  establish  an  ac<[uired  disposittoju 
The  former  are  of  more  interest  to  us,  as  they  prove  how  much  good  can 
be  effected  by  sanitary  surroundings  in  the  prevention  of  dismwe. 

Gcwral  IntcrffTtuicti. — 1.  Canalis  and  Morpurgo  (67)  have  shewn  that 
by  means  of  gtarvatioti  we  can  render  pigeons,  which  are  natundly  resistAut 
against  anthrax,  extremely  susceptible  to  this  infection.  They  snccuml*, 
either  if  we  allow  them  to  starve  immediately  after  the  iuoculaiion,  or 
starve  them  six  days  previously  and  then  inoculate  them,  at  the  same 
time  continuing  the  process  of  star^atioH.  But  if  we  feed  them  i*egula]'ly 
immediately  after  inocutation,  then,  in  spite  of  having  previously  been 
starved  for  six  days,  they  will  8ur\nve, 

Similarly  hens,  naturally  immune,  become  susceptible  to  an  anthrax 
infection  thruu^^h  starvation  ;  rat£,  on  the  other  hand,  do  not  lose  their 
natuml  immunity  in  this  manner.  Sacchi  (296),  by  means  of  starvation, 
succeeded  in  rendering  a  local  anthrax  infection  in  pigeons  a  general 
infection.  Pernice  and  Alessi  (2G8)  proved  that  dogs,  hens,  pigeons, 
and  frogs  can  be  rendered  susceptible  to  anthrax  by  depriving  them  of 
water. 

2.  Again,  fiitiffm  and  loss  of  blood  are  capable  of  removing  the  natural 
immunity  of  animaU.  Thus  Charrin  and  Roger  (71,  200)  have  shewn 
that  the  normal  white  int^  which,  us  is  well  known,  is  very  insusce]>tible 
to  anthrax,  becomes  susceptible  to  this  disease  in  a  marked  degree  if  it 
be  made  to  work  n  treadmill  in  a  cage  until  it  is  thoroughly  fatigued. 
Rodot  and  others  have  established  an  acquired  di3|>08ition  by  inducing  a 
general  amemia  by  ari.ificLil  loss  of  blood. 

3.  All  aHS(/i7<iWc  '/iV/,  as  Dr.  Hankin  has  shewn,  may  i^move  the 
resistance  of  the  bo<ly  against  anthnix.  Thus  refractory  rats,  fed  on 
sour  milk  and  bread,  lose  their  insusceptibility ;  a  pure  meat  diet 
enhances  it.  Hans  Loo  (182)  administered  phloridzin  in  small  doses 
with  the  food  for  some  days  previous  to  inoculation,  with  the  result  that 
sugar  showed  itself  in  the  tis-suos  of  the  animal  under  experiment :  this 
iinimal  now  became  highly  susceptible  to  a  glanders  infection,  which  in 
its  normal  condition  it  was  able  to  resist.  The  same  treatment,  however, 
did  not  increasi^  the  susceptibility  of  rats  to  arithi-ax  and  tuberctitosifi. 

•I.  Exposure  to  hmiy  cold,  and  moisiuTf  has  been  investigated  by 
Pasteur,  Potnischlcy,  Fermi  and  Salsano  (119rt),  and  othorB.  Thus  on 
immersing  a  hen  in  water  it  loses  its  resistanoc  to  antlira.x,  and  the 
same  occurs  on  reducing  its  temperature  by  the  administration  of  anti- 
pyrin  Frogs,  if  kept  at  a  teniperatiue  of  25''-35'"'  C,  will  succumb  to 
unthr.ix.  (^uint'a-pigs  and  white  mice,  which  are  resistant  to  avian 
tuberculosis,  can  bo  rendered  susceptible  by  keeping  them  after  inocula- 
tion in  a  warm  chamlwr  at  33-35    C. 

We  Bce,  then,  that  it  is  easy  by  such  general  means  as  starvation, 
fatigue,  exposure,  and  bad  diet  to  reduce  the  m susceptibility  of  certain 


aainuls  to  infective  diseases.  Now,  if  in  a  community  of  which  the 
normal  indidduala  are  itiBUscopLiblo,  a  certain  number  of  tbeae,  through 
one  or  other  of  the  above  causes,  Ijocomea  susceptible,  then,  for  these 
nMKlitii.'d  persons,  the  disease  mu}*  be  extremely  contagious,  though  non- 
oaaui^ous  for  the  community  as  a  group.  In  such  a  case  we  must 
inifuiitt  by  ^rhat  processes  a  disease  has  become  contagious  for  a  certain 
eommuiuty,  and  while  preventing  by  disinfection  ami  other  appropriate 
moasures  a  further  distribution  of  the  cO!ilagium,  we  must  so  improve  the 
social  and  personal  hygiene  as  to  undo  the  tendency  to  modification. 

A  consideration  of  tuberculosis  from  this  point  of  view  will  make 
oar  meaning  clearer.  W'c  cannot  hope  t«  destroy  the  contarjium  rimm, 
it  is  too  widely  dislrii^uted  :  nor  can  we  destroy  the  affected  individuals 
— such  a  process  would  be  unavailing,  even  if  free  from  other  objec- 
tions. How,  then,  can  we  prevent  the  .spread  of  the  disease  t  If,  aa  it 
seems,  the  disposition  to  it  be  due  to  any  or  all  of  the  above  causes,  let 
these  be  removed.  Now  we  know  that  a  heulthy  roan  is  relatively 
immune  to  tuberculosis ;  we  know  also  that  liad  hygiene,  exposure,  and 
the  like,  may  render  him  susceptible  to  it ;  the  rational  preventive 
mt^asure,  therefore,  is  t*)  counteract  the  causes  of  this  acijiiired  suseepti- 
bility.  while  at  the  same  time  wo  order  all  consumptives  to  destroy  their 
4ipiitam.  \N'hether  the  effects  of  such  measures  might  not  be  advanced 
by  a  compulsory  aegregatictn  of  luitients,  at  any  nite  of  those  in  the  last 
stages  of  disease,  is  a  question  for  serious  consideration.  That  improved 
personal  hygiene  and  public  sanitation  and  a  higher  standard  of  life 
loaterially  diminish  the  rieath-rat-e  from  consumption  is  alre;idy  ascer- 
tainorl :  the  vitid  slatiatics  of  England  cloiirly  demonstrate  that  sanitaiy 
legisUiJon  has  coincided  with  a  considerable  diminution  of  the  number 
of  denthfi  from  pidmonary  tuberculosis  (ti^e  Vol,  1.  p.  49). 

Such  considerations  will  serve  to  explain  the  meaning  imd  nature  of 
ndeittiat^,  or  the  state,  l>oth  of  the  individnals  living  in  a  district,  ;md  of 
tho  meilium  in  which  they  live,  whiih  favours  a  eerUin  infective  disease. 
Undoabt«dly  cboleia  is  a  disease  for  which,  if  it  ajjpears  sporadically,  a 
■pedal  individual  bent  is  required ;  and  if  it  appears  in  epidemics,  there 
niist  be  the  local  prediitposition  in  addition.  Now  in  certain  parts  of 
Todia,  as,  for  example,  Lower  Bengal  and  Ass»mi,  cholera  is  always 
present  or  "endemic,"  Such  endemic  areas  are,  for  the  most  fmrt,  ovor- 
pOfNilated,  poor,  or  extremely  unhealthy.  These  and  similar  factors 
may  re«incc  the  resistance  of  the  population,  and  render  the  existence 
r>i  the  evil  n  necessary  con^quence. 

We  should  remember,  however,  that,  in  contradistinction  to  indi- 
vidual disposition  which  applies  to  certain  individuals  of  a  species,  there 
M  «l«o  ft  racial  dtspoitiivm  which  applies  to  all  members  of  a  species. 
Negroes  are  seldom  affected  by  yellow  fever,  and  the  same  is  true  of  the 
mnUtlOi.  There  are  numerous  examples  of  such  phenomena  in  the 
■ry.  Thus,  of  dogs  which  are  relatively  resistant  to  anthnix, 
i'<g5  are  less  so  than  white  ones.  Black  and  grey  rats  are  less 
ctMccfittble  to  anthrax  than  white  rats.     Field-mice,  again,  are  extremely 


susceptible  to  mammalian  tuberculosis,  while  white  mice  are  practically 
iiumuni*. 

Agaiiif  a(/e  is  a  disposing  factor,  for  young  individuals  acquire  certain 
affectioiw — for  exampU-,  enteric  fever — more  easily  than  adults  ;  this  rule 
aUo  is  amply  borne  out  by  animal  experiments.  Oemler  (263)  has  shewn 
that  young  pigeons  are  much  less  refectory  to  anthrax  than  old  ones. 
On  the  othor  hand,  amon^j:  mammals,  sucklings  appear  to  be  less  liable  to 
some  infective  fevei-s,  sucli  jw  measles  and  scarlet  fever,  than  to  others. 

Sprcittl  Interfcrvncfs. —  1.  It  was  once  thought  by  Tizzoni  and  Cattaui 
(320)  that  it  is  impossible  to  render  rabbiu  immune  to  tetiinus  after 
the  remoMl  of  their  apWais,  and  that  the  removal  of  the  spleen  will  tleatroy 
the  natural  immunity  of  dogs  to  tetanus  and  anthrax.  That,  however, 
the  acquired  disposition  docs  not  in  all  cases  dejK'nd  on  the  removal  of 
thfi  flplocn  is  shewn  by  the  experiments  of  FoA  and  Scabiii  (125)  and 
otliers,  who  worked  with  the  diplococcus  of  pneumonia  and  the  B.  pi/'j- 
ctfaiuus,  and  pro^■ed  that,  for  these  infections  at  least  and  the  immunity 
towanls  them,  the  spleen  is  of  no  importance ;  for  if  we  allow  the  animal 
to  recover  its  weight  and  strength  completely,  it«  immunity  will  persist. 
The  temporary  loss  of  reaistunce  is  probably  explained  by  other  organs 
of  thti  hiemolymph  system  tjddiig  on  vieuriuusly  the  functions  of  the 
spleen.  According  to  Canalis  and  Morpurgo  (G7),  pigeons  are  rendered 
less  resistant  to  anthrax  by  rrmoml  of  l/te  pttucir/ts.  This  operation  also 
predisposes  animals  to  septic  infections  :  and,  according  to  Sawttichenko, 
the  sjime  happens  after  section  of  the  spimd  coixl  in  pigeons.  Roger 
(391)  has  brought  forward  evidence  to  shew  that  the  removal  of  the 
great  omentum  lowers  the  resistance  of  animaU  to  pyogenetic  infeclinn, 

2.  Again,  there  are  many  experiments  to  pi-ove  that  biicteria,  absol- 
utely or  relatively  harmless  to  animals  when  injected  in  pure  cultures  by 
themselves,  Ucoint  intt-n.'^Iif  rirtilent  tchen  *»/  the  sanw  timr  i/w  iujrrt  irrtiiin 
cftfmioil  bodies  at  the  seat  of  lesion.  Thus  Vaillard  and  Uouget  (33-3) 
have  shewn  that  in  animals  immune  to  tetanus  a  characteristic  infection 
can  be  brought  about  by  injecting  lactic  acid  or  trimethylamine  with  the 
tetanus  liacillus.  Bujwid  (5->)  found,  on  antecedent  injection  of  sugui 
sohiiion  into  the  Hul>ciitaneoiis  tissue  of  animals,  that  an  inoculation  of 
the  Stiiphifli/ctn'rits  yi/nfjritf-i  narrus  was  in  most  iustaiices  followed  by 
marked  suppiu^ation, — a  result  not  easily  achieved  by  menna  of  the 
st-'»phvlococcu3  in  the  absence  of  prenoua  sugar  injection.  Lastly, 
by|)odermic  injections  of  dextrose  and  lactic  acid  will  render  guinea-pigs 
and  white  mice  susceptible  lo  avian  tuberculosis,  and  white  mice  also 
to  mammalian  tuberculttiia.  This  was  «hew^l  by  Fermi  and  Salsano 
(IL1)<0,  and  it  is  important  to  note  that  anan  tul>erclc  bacilli,  repeatedly 
inoculated  into  guinea-pigs,  rendered  susceptible  by  such  injections, 
twcome  virulent  for  normal  guinea-pigs.  Here  we  may  aI*o  mentiou 
Drs.  Klein  and  Ct^xwell's  (!57)  experiments,  which  shew  that  in  frogs 
and  rats  the  imturul  immunity  to  anthrax  may  be  destroyed  by  means 
of  a  chloroform-ether  narcosis. 

3    ThcUf  again,  the  metabolic  prvdvcU  of  oerian,  U  maif  be  htnttk49^ 
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mim-aryanismf  are  often  wjmble  of  rendmng  a  non-patfu>i/fHffic  yernt- 
paSktgtnriic.  Wo  haro  ali'ea<iy  rt^ferred  to  this  point.  KxAmples  are 
rorntioned  l\v  Kop;er  <290),  who  has  shewn  that  m!j))its  will  suecumh  to 
(jiiiirti-r-evil  if,  sinmltaiieomly  with  the  hncilli,  the  cheiuiail  prixlucU  o£ 
the  Jiaciiitis  prwli^ioxusj  Prt'lims  rnlgariSy  or  staphylococcus  be  atlininis- 
i«retL  Dr.  Klein  (136)  and  others  have  ^ivon  fmther  ^voui  of  this. 
Other  allied  iKxlies — vegetaWe  ferments,  for  instance — have  the  same 

:t 

Very  little  progress  has  been  made  ^rithin  recent  yeai*a  in  the  fiutbei- 
elucidation  of  the  conditions  mmlifying  di^jjosition  (cf.  Lubarsch  (190)). 
We  caimot  us  yet  fui'ninlato  any  hypothesis  as  to  the  mechanism  hy  which 
an  iacrcasod  dieiwsition  to  disease  operates.  We  shall,  however,  revert 
to  \h\6  point  later. 

II.  lUrriiiUiry  PrtAisjViSttimi. — Lilce  other  characteristics  a  tendencv 
Ui  disexsu  can  l»e  transmitted  from  purent  to  offspring.  The  part  playoti 
by  inherited  lentlcncy  as  compared  witii  the  part  ptaye<l  by  actual  trans- 
BOfisiou  of  the  infectivii  apent  from  jKirent  to  child  has  given  rise  to 
discussion.  Thus,  tuUTculosis  is  a  disease  of  extra-nterine  life,  but 
undoubtedly  cases  of  conj^Hiiital  tuherculosis  do  occur,  as  shewn  by 
Merltcl,  Lnndouzy,  RindHeisch,  Birch-Hirschfeld,  and  others  ;  and  much 
more  fre*jnently  than  congenital  tubercidosis  do  we  find  tnbercidosis 
in  iiifauts  and  children  during  tlie  Hrsl  months  or  years  of  lift*,  as 
shewn  by  Queyrat,  Landou;:y,  Miilier,  and  othei's.  It  is  almost 
oniversally  believed  that  the  undisputed  hereditary  succession  of 
tuberculous  proces.ses  depends,  not  on  a  direct  transmission  of  the 
doments  of  the  disease  from  parent  to  ofi*apring,  but  on  an  hereditary 
tfBiwousBion  of  n  procliviiy.  Biiumgarten  (li*)),  however,  believed  that 
ibe  heredity  of  pulmonary  tubercuhtsis  depends  on  an  intra -uterine  or 
eongraital  infection  of  the  fictua  with  tubercle  barilli  frf»m  tlio  innther. 
and  he  atipporw  these  views  Mnth  the  following  arguments.  Besides  the 
0Xi*S«»ce  of  congenital  tuberculosis,  Birch-Hii*schfeld  and  others  have 
dcmODfltrated  that  in  miin,  as  well  as  in  animals,  tuberculous  infection 
through  the  placental  circulation  is  not  only  possible  but  docs  fiotiudly 
Observations  and  exi)enraents  on  atnmals  shew :    («)  that  con- 

Ltal  tul«rcuIosis  in  the  larger  susceptible  mammals  is  not  very  rare 
(Johne) ;  (A)  that  of  the  offspring  of  tuberculous  guinea-pigs  twenty-five 
par  cent  are  bom  with  congenital  tuberculosis  (do  lienzi) ;  (c)  that  intra- 
uterine ttiberculous  infection  is  possible  in  rabbits  and  mice  (Oiirtner 
(131  J);  {fl)  that  chickens  hatched  from  eggs  inoculated  with  tubercle 
baciQi  manifest  tuberculosis,  and  the  eggs  of  canaries  imiculated  intm- 
'  ■  with  tubercle  bacilli  are  frcfiuontly  infected  (Maffiicci  (201), 
n  ami  (.Jartner).  From  analogy,  therefore,  liaumgarten  assumefl 
that  m  man  also  the  tubercle  bjicilli  are  transmitted  eongcnitally  iu  ufr-i% 
aorj  that  if  the  disease  be  not  apparent  at  the  lime  of  birth  the  bacilli 
remain  dormant  in  the  tissues  (of  the  liver,  for  instance),  causing  at  first 
smalt,  obscure  foci,  and  being  for  some  time  impaired  in  their  dc- 
lent.     possibly  tubercle  Imcilli  may  thus  be  storetl  up  in  the  tissues 
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of  the  faaus.  But  how  is  it  that  such  offspnng  often,  or  indeerl  generally, 
do  not  manifest  the  disease  proper  until  years  aftenvards  if  The  answer 
must  Iw  because  their  tiBsues  are  sufliciently  resistant  to  keep  the  activity 
tif  the  Imcilli  in  abeyance,  or  in  some  cased  sutficiently  strong  even  to 
destroy  them  altogether.  But  if  later  ihey  lose  this  resistance,  the 
IjHcilli  are  then  placed  in  the  conditions  re(|uired  for  successful]  activity. 
We  are  thus  led  again  to  assume  a  jirtKlivity  in  the  tases  under  difious- 
sion.  And  is  it  not  possible  that  the  appearance  of  this  jjroclivity  is 
favoured  by  certain  tentlencies  transmitted  by  inberitanee  ?  Hereditary 
peculiarities  are  often  limited  to  a  detinite  jwriod  or  age  j  and  we  find 
(hat  in  the  offspring  the  disease  often  shews  itself  at  about  the  same 
age  as  it  did  in  the  pju'ent — a  point  of  im{K>rtance  in  h  philosophical 
con8i<lei'ation  of  hereditary  transmission. 

Ainmid  experiments  einnot  prove  much  in  investigations  of  this 
nature,  for  in  tjuestions  of  hereditary  tran-smission  we  must  consider 
each  species  by  itself.  Guinea-pigs,  rabbits,  mice,  and  hens — the  aiiimAls 
generally  employed — are  naturally  highly  susceptible  to  tuljcrcidosis, 
and  hence  the  prefHsposition  is  an  inherent  pro[>erty  of  the  parent,  an<l 
therefore  also  of  the  ovum  or  ombr}'©.  As  the  tissues  of  the  normal 
l>arent  offer  no  resistance,  we  cannot  possibly  expect  those  of  the 
offspring  to  do  bo.  Animal  experiments  do,  however,  make  it  certain 
that  by  no  means  all  the  offjipring  of  tuberculous  animals  harWmr  latent 
bacilli  in  their  tissues,  and  we  have  no  right  to  assume  that  such  a  con- 
dition of  things  coramordy  exists  in  man.  For  the  present  we  must 
assume  that  in  most  c:lscs  the  ofl'spring  of  tuberculous  ]>arents  inherit 
only  the  proclivity,  and  subsequently  become  infected  from  without. 
Hence  the  so-called  "heredity  *  of  piUinonary  tuberculosis  finds  its 
expknation  in  the  following  iiossibilities :  —  (1)  Congenital  infection, 
either  germiiiiil  from  the  male  (of  this  there  is  no  evidence  J,  or 
placental,  followed  by  immediate  results;  (2)  Congenital  infection  with 
inhoriteil  disposition,  followed,  after  a  period  of  latency,  by  recrmlescence 
at  a  subsetiucut  date  ;  (3)  Inherited  disposition  with  infection  at  a  later 
ilate.  Now  since  in  the  case  of  tuberculosis  we  find  some  of  the 
chanurteristic  features  of  heredity — for  instjuice  that  aLavisrii  is  not  uii- 
common,  and  that  the  hereditary  tendency  is  often  limited  to  one  sex 
and  to  a  definite  age — and  since  it  refjuires  great  faith  to  WHeve  in  a 
l^actcrial  sleep  lasting  through  many  years  as  a  complete  explanation,  we 
must  incline  to  Virchow's  doctrine  of  the  existence  and  influence  of  an 
inherited  ]»redisposition  to  tuberculosis,  even  though  our  nuKlern  con- 
ception of  predisposition  diffei*s  from  his. 

The  inherited  disposition  may  be  either  specific  or  non-specific.  The 
])arentAl  disixtsition  nuiy  have  been  due  to  miiny  agents  and  factors ;  and 
it  is  possible  that  some  of  these,  although  not  of  the  same  nature  as  the 
resulting  tuberculosis,  have  Iwcn  the  eauae  of  the  congeiiitul  bent  trans- 
mitted to  the  oflspring.  This  evidently  could  not  be  an  inherited  R|x:cific 
preilisposition  ;  that  is,  it  is  quite  possible  that  a  nontuberculons  con- 
diCiou  of  a  parent  may  lead  in  a  child  to  an  inherited  prediBposition 


fevmuuhle  lo  the  develuprutiiit  of  tuberculosis.  A  prcrli8iK>sition  can  only 
W  «pecificftllv  inheiitcd  in  cnacs  in  which  the  child  wur  born  of  tuWrciiloua 
pamaU  or  uncc^tors.  A  child  boni  ot  a  jKircnt  wlio  ^n'conies  phthisical 
-aoooc  years  after  iu  birth  cannoL  with  certainly  bu  HUpiioKed  to  have 
inhcritod  a  specific  luberculoua  procli\*ity.  The  cventiuil  acquirement  of 
the  di^sMe  by  th«  pj\rent  cannot  make  the  inherited  proclivity  any  more 
cpL*ciiic ;  it  can  prove  only  that  certain  conditions  and  almonnalitics  of 
the  |»arent  which  eventually  favoured  tuberculosis  have  been  transmitted 
U}  ifiif  otTspring. 

Although  tubercle  and  also  leprosy  bacilli  have  been  found  occasion- 
allr  in  the  lesies  and  ovaries,  and  even  in  the  seminal  fluid  uf  iliseaseil 
individiiatfl,  there  is  no  evidence  whatever  that  germinal  infection  ever 
doc*  occur :  in  fact  (lartTicr  has  shewn  that  in  animals,  oven  if  numerons 
Uibercle  Imcilli  are  contained  in  the  seminal  fluid,  it  is  the  mother 
vhich  is  first  infected,  and  not  the  ovum  or  embryo.  The  like  is  true 
•  >(  all  infective  ^liseascs  with  the  bacteriolog)'  of  which  we  are  acquainted  ; 
and  for  such  of  them  us  appear  congenitally,  infection  must  practically 
ahirmys  take  place  through  the  placentJil  circulation.  This  is  exactly 
vh«l  occurs  in  animals  in  which  it  can  1>e  demonstrated  more  readily. 
iIaI  infection  in  animals  has  l>een  conclusively  shewn  to  occur  in 

;enilal  anthrax,  chicken-cholera,  snppumtive  lesions,  and  tubertnlosis : 
IM  niAii  it  is  found  in  ptieumococcuH  and  s^ippurative  infections,  in 
typhoid  fever,  anthrax,  r^^Iapsing  feVer,  and  tuberculosis ;  and  is  iissnnied 
to  exist  in  measles,  t>ciulatiua,  and  smallpox,  diseases  the  etiology  of 
which  is  still  obscure.  Where  placental  infection  occurs,  the  raicro- 
crrgauii^ms  are   taken   up   chiefly   by   the   fo.-tiil   liver ;    there,  according 

MaJfucci,  a  keen  struggle  for  supremacy  ticciu-s,  the  embryonic 
liS  nmch  sxs  the  adult  one  being  pusscssctl  of  marked  defensive 
mpAcity.  If  the  Kicteria  prove  victorious,  then  the  foetus  may  present 
ibe  characteristic  lesions  piYnluced  by  the  infection — as,  for  instance, 
in  u&iiy  awes  of  tul>erculnwis,  septicft'mia,  or  pyiemia  j  or  it  may 
present  them  in  a  modified  form^  which  after  birth  may  assume  the 
ordinjuy  appearance,  the  embryii  being,  as  already  explained,  api^irently 
«ndoire<i  in  these  ruses  with  a  mrire  or  less  marked  rcsisUince.  For 
fautftnce,  aUhoiigh  anthmx  bacilli,  typhoid  Imcilli,  and  pnetimococci  may 
pftSB  lhrt»ugh  the  placental  circnlation,  yet,  its  Prof.  AVelch  says,  "  no 
in-tinice  has  Ixsen  observed  in  the  fu-tus  of  fully  developed  anthrax,  of 

I'ous  pneumoniA,  or  of  intestinal  lesions  by  the  typhoid  bacillus, 
nithough  in  fccveral  recorded  instances  these  l>acteria  have  unquestionably 
invndcti  the  fcelus  from  the  mf>ther.  The  characteristic  lesions  lia\*e, 
fco^rtfver,  been  fotmd  so  soon  after  birth  as  to  indicate  positively  con- 
gitaiud  infection."  It  is  still  a  delated  point  whether  the  healthy 
placenta  will  allow  jHithogonetic  organisms  to  puss  into  the  fu-tal  cji-cula- 
tion;  some  writers  assume  that  a  lesion,  such  as  a  hemorrhage  for 
iBstance,  is  nec&4»trr.  ft  seems,  however,  that  the  factor  is  rather  one 
of  the  time  or  duration  of  infection  and  of  the  vii-ulence  of  the  i»atho- 
genetic   orgauisins.      The    lesson   which   we   derive   from   these   various 
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experiments  and  observations  on  the  foetal  infections  is  one  of  caution  in 
the  use  of  the  term  heredity  in  respect  of  infective  diseases ;  a  strict 
terminology  is,  if  possible,  the  more  necessary  now  that  Weissmann's 
hypotheses  have  so  great  an  ascendency. 

A.  A.  Kanthack,   1896. 

James  Ritchie,  1906. 


II.  Changes  produced  by  Bacteria  in  the  Animal  Body 

A.  Tissue  Changes 

We  now  turn  to  consider  in  a  general  way  the  tissue-changes  which 
can  bo  observed  in  connexion  with  infective  disease.  These  may  be 
local  or  general,  or  local  and  general,  according  to  the  kind  of  bacterial 
action  with  which  we  are  dealing.  To  look  first  of  all  at  the  local 
manifestations. 

These  may  be  grouped  under  two  headings,  first,  degenerative  changes 
which  may  or  may  not  end  in  death ;  secondly,  reactive  changes  the 
feature  of  which  is  an  exhibition  of  cellular  activity. 

Local  Changes — («)  Degenerative  and  Necrotic. — These  to  a  certain 
extent  vary  with  the  tissue  attacked,  but  include  practically  all  the 
known  forms  of  cellular  degeneration.  In  the  case  of  connective  tissues, 
the  cells  may  sometimes  die  without  any  great  change  in  their 
form  or  in  the  form  of  the  nucleus,  and  such  cells  in  a  section  can 
frequently  be  recognised  as  dead  simply  because  the  nucleus  has  lost 
its  capacity  of  reacting  to  basophilic  stains  and  has  become  oxyphilic, 
while  the  protoplasm  has  become  granular.  Changes  of  this  kind  were 
supposed  by  Weigert  to  be  of  the  nature  of  an  intracellular  coagulation, 
and  were  termed  a  "coagulation -necrosis."  Sometimes  this  cellular 
change  may  be  accompanied  by  a  coagulation  of  the  albuminous  fluids 
present  around  the  cells  of  the  part,  either  naturally  or  as  the  result  of  a 
process  of  exudation.  In  such  cases  it  is  probable  that  the  death  of  the 
cell  has  been  rapid,  and  has  not  been  preceded  by  any  prolonged  period  of 
interruption  of  the  cellular  metabolism.  Sometimes  there  is  evidence  of 
some  such  period  during  which  the  changes  in  metabolism  have  had  time 
to  have  a  more  pronovuiced  effect  on  structure.  This  may  be  evidenced 
in  various  ways.  The  nucleus  of  a  cell,  for  instance,  may  lie  broken  up 
into  fragments  in  the  cellular  protoplasm — the  condition  to  which  the 
term  "  karyorrhcxis  "  is  applied — or  the  protoplasm  may  present  variations 
from  its  normal  appearance.  It  may  simply  shew  differences  in  staining 
reaction,  a  common  appearance  being  one  in  which  a  cell  with  ordinarily 
oxypiiilic  protoplasm  exhibits  an  imperfect  basophilic  tendency.  Fre- 
quently there  are  structural  alterations  such  as  vacuolation,  unwonted 
granulation,  and,  it  may  be,  breaking  up  of  the  cytoplasm  with  actual 
loss  of  cellular  outline,  and  evidence  of  fatty  degeneration  may  also  be 
manifest,  especially  in  the  long-standing  or  chronic  infections.     In  very 


ite  local  infections  the  centre  of  activity  may  very  booh  nfter  the  com- 
rnc«inotit  of  the  change  consiist  simply  of  an  aj;gloinonitio»  of  cellular 
'debiri*,  while  in  chronic  infections— lor  exftmplc,  in  tuberculosis^ — the 
ceotral  part  of  u  lesion  may  chiefly  contain  the  prodiiutg  of  fatty 
defpsnention ;  to  this  kttcr  event  tiie  tci'ni  c^isfntion  in  nppli<-d.  In 
chroDic  infections  other  dogenorations — hyaline,  mucoid,  find  so  forth — 
occur. 

The  walU  of  small  vessels  are,  esiHicially  in  acute  conditintis,  fre- 
rjiimtly  affectcf!,  and  the  occnrrence  of  minute  hn'monhages  {ecchymoses) 
mar  Ix'  ohi5erve*L  A  less  neriouH  intcrf^^roncc  with  the  vitality  of  the 
ctll*  lining  the  blowl-vcascls  is  undoubtedly  a  factor  in  the  occurrence  of 
the  tiedema  which  is  frecpiently  seen  round  a  focus  of  infection.  'Vhh 
icdema  may  bo  widespread  and  may  alfect  a  large  [tart  of  iho  body, 
the  involvement  of  a  whole  limb  being  very  frcfiuent  in  infection  by 
wine  of  the  pyogenetic  organianiB,  by  the  streptococcus  uf  erysipelas,  by 
ihe  hatillus  nuihracis,  and  by  the  bacilluB  of  malignant  itileniu.  The 
derelopment  of  iiMlema  may  be  associated  with  a  correspondingly  wide 
diflribiitiori  of  the  causal  bacteria,  or  may  occur  when  the  Imcleria  are 
confined  to  the  immediate  neiglibourhooil  of  the  infected  spot,  as  in 
wsmy  cases  of  antlirax  in  man.  The  frdematoiis  fluid  infiltratea  all  the 
tassnm  of  a  part,  but  if*,  of  course,  particularly  well  niarke<l  in  those  of 
iooae  t£xlure.  When  the  akin  is  involved  the  fK-turrcncc  of  large  or 
iiikftn  blebs  is  not  uncommon,  and  into  them  small  ha-moirhages  from  the 
lobjacent  papilhiry  vessels  may  take  place.  Sometimea  the  course  of  an 
mfectjon  may  be  cut  short  by  the  f^fl'ects  of  cedema  causing  the  death 
of  the  affected  indinduoL  This  not  infrequently  occurs  in  bacterial 
infections  about  the  neck,  in  the  septic  conditions  sometimes  called 
Aogtna  I-«dovici,  in  malignant  i't'deni;i,  and  in  anthi-ax  where  death  from 
a«ph\^a  is  not  nncommon.  In  intracninial  infections,  especially  those 
<rf  ihe  meninges,  such  as  tulierculoufi  meningitifl,  the  twlema  set  up  either 
by  direct  effects  on  the  vessels,  or  indirectly  by  mechanical  interferences 
with  ibe  normal  secretion  or  absorption  of  the  cerebrospinal  fluid  or 
cerebral  hnnph- systems,  may  have  bcHous  effects  on  cerebral  function  and 
he  A  very  p*itcnt  factor  in  the  occurrence  of  death.  In  the  more  chronic 
inf*y-T»on«.  «uch  as  syphilis,  cfillular  degenerations  (r.*/.  hyaline  degeneration) 
a:  '•sened  in  the  small  vcHsels.  and  these  by  narrowing  the  lumen 

o  '  to   the  lack   of  ccUular   nutrition  occurring  in   the  focus  of 

infection. 

The  distribution  of  degeneration  an-l  death  of  cells  in  connexion 
vtth  X  focus  of  infection  varies  greatly  in  diflurcnt  cases.  In  some,  as  in 
kieiU  pyogenetic  infections,  it  is  small.  an<l  it  may  be  that  it  is  irregular, 
thst  ii,  ccIIk  which  are  dogeneratod  or  dcail  may  lie  in  close  contact  with 
others  either  unaffected  or  shewing  signs  of  stimulation  to  increased 
viul  ncti\*ity  in  connexion  with  the  infection.  This  may  occur  even  in 
ifiiie  cofitlitions,  but  is  most  marked  where  the  Imctcria  are  comparatively 
*Iow  in  their  action.  Thus  the  evidences  of  cellular  degenenition  and 
cetluUr  reaction  are  often  present  side  by  side,  or  actually  intermingled 
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with  the  other.     This 
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IS  oicen  wen  seen  in  aiow  infections  of 
earies  causeil  hv  the  action  of  the  tubercle 


c  one  wntn  tne  o 
hones,  such  as  orcwr  in  the 
bacillus,  where  there  is  a  slow  ci*umbling  awax'  of  minute  particles  of  the 
tissue.  Not  infrequently,  however,  especially  in  acute  CA»es,  comparj- 
lively  large  areas  of  tissue  nndergo  death  almost  siniultiineoualy  in  all 
their  component  part*.  A  common  example  is  found  in  a  boil,  and  still 
more  so  in  a  cjirbimcle  ;  in  these  coiulition-j  which  are  traceable  to  the 
pyogcnctic  cocci,  large  areas  of  .subcutjineoiia  tissne  die  as  the  reauU  of 
direct  bacterial  action — without  much  or  any  jirevious  degeneration — 
and  to  the  naked  eye  lussurae  a  greyish  and  blocxlless  appearance 
("sloughs").  A  similar  process  is  responsible  for  the  necrosis  of  the 
Peyer's  {mtcbes  in  typhoid  fever.  Sometimes  in  an  infection  there 
occura  a  condition  of  moint  gangrene,  it  may  be  of  a  Jinib  or  part  of  a 
limb,  it  may  be  of  a  portion  of  the  tnnilc,  for  example,  of  the  scrotum,  or 
of  the  face  as  in  noma.  This  may  be  secondary  to  direct  bactonal  action, 
and  In*  due  to  the  cutting  off  of  the  blood-supply  to  a  |>art,  by  the  pre^iire 
of  exudation  on  blood-vessels  or  in  conseijuence  of  the  thrombosis  which 
frequently  follows  on  the  injury  of  the  walls  of  vessels  in  an  are;*  where 
Ixicterial  activity  is  going  on  ;  the  tissues  as  a  consei|uence  die,  ami  the 
changes  which  subsequently  occur  are  usually  attributed  to  the  secondary 
action  of  the  putrefactive  bacteria  constantly  present  on  the  surfaces  of 
the  Uxly.  In  other  cases  an  excessive  pi-oduction  of  jMiisons  by  a  bac- 
terium may  cause  gangrene  when  the  occurrenco  would  not,  in  ordinaiy 
circumstances,  be  looked  for,  (.(j.  in  some  streptococeul  infections  when 
local  death  ap|)ears  as  n  com[»lication.  On  the  other  hand,  while  the 
action  of  certain  bacteria,  such  as  the  TiacilhiA  teSaunfin  mnli/jiiij  when 
invtisliguteit  experimentally,  often  result*  in  gangrene,  in  the  case  of 
many  Iwictoria  isolated  from  variou.s  gangi'enous  conditions,  thou^vdi  grave 
effects  may  super^'ene  on  animal  itioculation,  gangi-one  is  not  caused. 
Thus,  the  occurrence  of  gangrene  during  an  infection  may  depend 
on  a  pro-existing  weak  viUility  of  the  tissues.  This  is  Itome  out  by 
such  facts  as  the  frequency  of  noma  in  ill-fed  children  who  are  recover- 
ing from  some  e.tanthcm,  and  also  hy  the  phenomena  of  dial>etic 
gangn^nu  in  wliich  a  trivial  infection  often  acts  as  a  atarting-jwint  for 
widespread  tissue-death.  Supplementary  evidence  is  also  furnished  by 
the  fact  that  an  oiiiinary  i>taj>hi/UM-oo:i(s  uureua  has  Ijeen  found  to  cause 
gangrene  in  animaU  suffering  from  glycosuria.  Similar  principles  are 
probably  also  concerned  iti  the  occurrence  of  pulmnnaiy  gangrene,  though 
here  there  are  two  views :  in  the  first  place,  tliat  gangrene  may  follow 
pneumoitia  at]d  be  caused  by  the  pneumococcus,  especially  if  external  con- 
tlilions  affecting  the  vitality  of  the  lung-tissue  l>e  present ;  secondly,  that 
gangrene  follows  pneumonia,  hut  is  caused  by  secondary  infection  with* 
other  organisms. 

In  certain  infectious  of  bone  considerable  masses  of  osseous  tissue 
mjiy  peri.'^h.  This  may  either  be  due  to  direct  bactenal  action  on  the 
bone-colls  or  may  l»e  secondary  to  interference  with  the  lilood  supply,  a» 
for  example  by  the  detachment  oi  the  periosteum  due  to  exudation 


Itetnreeit  it  and  the  boue,  or  to  thrombosis  of  the  vessels  in  the  HnversUti 

(4)  lirariire  Chingf^ — -By  far  the  more  important  of  the  local  eH'ects 
vi  tnc(«rinJ  action  arc  those  which  indicate  not  degenentcion  or  denth 
Hn  "\  Activity  on  thy  part  of  celU.     Such  incrtaacd  activity  is  what 

i>  '  ''.y  involved  in  what  is  calliKl  tho  reaction  of  the  hody  uj^uinst 

infection.  The  nmsi  inipoilant  local  nmnifestationB  of  cellular  activity 
observed  during  infectiuti  ai-e,  tirsl,  the  inereaj«ed  activity  in  the  anin>l>oid 
cells  of  th©  body,  and  the  local  prolifeiation  of  the  fixed  tissue-colls. 
Tlie  group  of  changes  by  which  such  increased  activities  are  manifested 
constitutes  an  essential  p;ut  of  the  process  of  inHaromation.  In  fact, 
inflammation,  whether  in  man  or  in  tmimaU,  is  in  the  vast  majority  of 
instJtncrjf  caased  by  Iwicterial  action.  [I'uf*'  "Inflammation,"  Vol.  I.  p.  7-3.] 
From  the  general  Btandix>inl  of  infection  the  incidents  of  tht?  process 
which  concern  us  are  (if)  the  loucocytic  exudation:  (A)  the  proliferation 
nf  certain  fixed  cells  of  the  affected  part.  With  the  vascular  changes 
we  have  little  to  do:  their  interest  to  us  lies  in  the  development  of 
the  fluid  exudation  which  follows  and  cotistitutcs  the  o*dema  already 
rvfcrrni  to.  It  may  by  jK^inled  out  that  no  chemical  analvKis  of 
th**  uxleuLitous  tluid  can  lielp  us  towai-ds  an  appreciation  of  the 
}»omt«  regarding  it  which,  from  the  standfioint  of  infection,  are 
I»robably  the  most  important.  In  the  leucocytic  exudation  we  have 
the  most  importani  of  the  reactive  phenomena.  While  the  wcurrenee 
of  such  exudation  in  all  inriunimations,  however  caused,  slicwa  thdt 
many  kinds  of  stimuli  may  influciire  lenctM-ytic  mi)vcnu'nl  and  many 
different  cflTects  may  i-esuh  from  leucocytic  emigration,  there  are  no 
iuflamnuitions  in  which  the  sigidhcance  of  the  event  is  greater  than  in 
those  of  bacterial  origin.  In  other  inflammations  the  chemiotactic 
iaftucDcef^  which  attract  the  leucocytes  from  the  vessels  may  lie  conse- 
quent on  the  changes  produced  in  the  fluids  of  the  surrounding  jtarts  by 
the  prcs*?nce  of  the  inorganic  chemical  irritants  causing  the  inflammation, 
or  by  the  changes  produced  in  the  constitution  of  these  fluids  from  the 
pmence  uf  dying  or  dead  tissue-cells,  and  the  chief  eff'ecis  may  l>e 
the  removal  by  phagocytic  ai'tion  of  the  irritants  and  uf  their  products. 
In  inrtjimmations  of  bacterial  origin  stich  factors  may  also  be  involved, 
bat  here  there  is  added  the  stimulation  produced  by  emanations  pro- 
ccc'iing  directly  from  the  protoplasm  of  the  invading  Iwicteria.  and 
ihe  main  effect  may  be  the  dcatli  of  the  bacti-ria  and  the  digestion  of 
the  hacterial  cells.  How  complicated  the  action  of  the  factors  involved 
in  the  pi*oces3  may  be  will  be  ghewn  in  the  section  on  Immunity.  Very 
ilDponani  also,  in  bacterial  inflammations,  is  the  other  incident  of  the 
iiiflammaiory  process,  namely,  the  proUfenition  of  the  fixed  cells  of  the 
AflWttc«I  |iart.  From  the  standpoint  of  infection  one  aspect  of  this  is 
e*|>»wjjdly  noteworthy.  Many  of  tho  cells  produced  by  the  |iroliferation 
may  take  jart  in  the  same  series  of  effects  as  those  prmlnccd  by  cells 
d<riveil  from  the  blood.  Often  l>oth  in  acute  intkmmations.  as,  for 
iiii)iaoc««  in  those  occurring  in  the  peritoneum,  and  in  chronic  inflamma- 
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tions,  such  as  occiir  in  tubecculosis  and  luproay,  either  the  actual  pre- 
existing tissue-cells  or — undouhceUly  more  often — the  cells  resulting  from 
the  proIiferAtion  of  these  luay  be  observed  to  contAiti  the  inviiding 
l>acteria  in  their  pi-otoplasnx.  Nor  is  this  phHgocvtic  action  confined  to 
the  inception  of  bacteria ;  fn^piently  cells  derived  from  the  tisanes,  as, 
for  instance,  cells  derived  from  prolifonition  of  the  endothelial  lining  of 
puUiionary  alveoli  in  pneumonic  conditions,  may  take  up  and  <lige8t 
red  blood-corpuscles  which,  in  conseipience  of  the  fragility  of  capillaries, 
have  been  shed  into  an  inflamed  area.  Further,  cells  derived  from  seroui* 
membranes  or  fmm  ordinary  connective-tissue  cells  umy  be  seen  to  con- 
tain in  their  protoplasm  poly moq^honncl ear  leucocytes  from  the  blood, 
whose  previous  phagocytic  activity  is  shewn  by  the  presence  in  their 
prf)topla6m  of  the  bodies  of  the  Iwcteria  which  caused  the  whole  seciucncc 
of  events.  The  meaning  of  this  double  phagocytosis — the  tJiking  up  of  the 
cells  which  themiselves  have  taken  up  bacteria — is  by  no  meuns  clear.  Such 
intracellular  destruction  of  leucocytes  may  really  l»e  merely  an  extension  of 
the  normal  process  by  which  these  cells  are  destroyed  when  their  life- 
cycle  is  endefl ;  the  phenomenon  is  well  worthy  of  further  investigation. 
\Ve  cannot^  however,  limit  the  function  of  the  fixed  tissue-cells  which 
take  an  active  [»art  in  inriammation  to  phagocytosis.  It  is  quite  pos.«i1ite 
that  Ijy  their  secretions  they  i)lay  an  imp*>rtant  part  in  ratxlifying  the 
composition  of  the  siin-ounding  lymph,  and  thus  ]}roduce  substances 
Goncomod  in  the  complicated  process  by  which  bacteria  in  the  tissues  are 
killed.  With  the  other  great  effect  of  the  proliferation  of  fixed  tissue- 
cells,  namely,  the  fornmtion  of  fibrous  tisane,  which  so  often  is  the 
expression  of  the  injury  done  by  the  Imctcria  to  the  progenitors  of  the 
fibroblasts,  we  are  not  concerned  here.  In  connexion  with  the  leucocytic 
exudation  in  luicterial  inflammations  and  with  the  reaction  of  the  cells 
uf  the  infected  tissxie,  it  may  be  pointed  out  that  during  the  further 
development  of  the  infection  many  examples  of  the  reactive  types  of 
cells  may  die.  This  accounts  for  the  abscess-formation  which  so  often 
occurs  during  the  course  of  bacterial  actinty  in  the  body  and  for  the 
death  of  the  newly  foimed  cells  seen  in  the  infective  gnmulomas. 
The  death  of  these  cells  may  be  precede<l  by  the  same  degenerative 
chMigee  &a  those  described  in  the  ordinary  cells  of  a  part  during 
infection. 

The  foregoing  statement  briefly  summarises  the  pathological  changes 
producetl  in  any  one  pirt  of  the  body  when  the  normal  inter-relations 
and  inter-dependonces  of  the  colls  are  interfered  with  by  an  invasion  of 
foreign  living  matter. 

General  Changes — («)  iJrffrnerativt  ami  Xicralif. — We  have  now  to 
consider  how  the  cellular  colony  which  ctMistitutes  the  whole  body  may 
bo  affected  generally  by  such  an  invasion,  whether  the  invasion  be  con- 
fined lociUly,  cither  at  the  beginning  or  dvu-ing  the  whole  of  its  course, 
or  there  be  at  any  period  of  the  infection  a  general  distribution  uf 
bjirterift  throiighnitt  the  bo^ly.  Here,  tis  in  the  c.ise  of  the  local  effect?, 
the  changes  pro<lured  may  l»c  divided  into  degenerative  changes  in  celU, 


wbifh  may  or  may  not  end  in  celliUar  death ;  and,  secondly,  reactive 
<-ban^£,  the  feature  of  which  is  celhilar  activity.  With  regard  to  tho 
4Sc>gcn«rative  etfecta  of  bacteria,  these  are  very  widespread  and  well 
rkod  in  acute  infections.  Their  importance  is  pmbalily  greatest  when 
ley  aflect  ibe  large  solid  vital  organs — the  heart,  tlie  kidneys,  the  liver 
it  in  to  thei>e  that  the  pathologist's  attention  is  naturally  turned, 
be  mcMt  common  degeneratiena  are  cloiwly  swelling  arul  fatty  degenera- 
nn.  In  most  fatal  cases  of  infeciion  one  or  other  or  both  atVections  may 
>w  found — it  may  be  in  different  degrees — in  the  organs  named,  and 
iTt  is  no  doubt  that  cloudy  swelling  may  be  followed  by  the  fatty 
lOgo.  Further,  consideration  of  the  presence  of  these  degeneration^  in 
rhat  may  Ikj  chilled  cases  of  Jiccidental  death  during  infections,  such  as 
lUows  perforation  or  hseraorrhage  in  enteric  fever,  shews  that  prob- 
ably a  considerable  degree  of  degeneration  may  be  recovered  from. 
In  some  infections  the  degree  of  degeneration  may  be  extreme :  for 
cxJimple,  in  yellow  fever  tho  changes  in  the  cells  of  the  heart,  kidney, 
eapeciallr  of  the  liver,  may  be  so  marked  that  the  cytoplasm  is 
>nnouBly  enlargetl  and  almost  completely  composed  of  fat,  while  the 
trioiis  interference  with  the  viljility  of  the  cells  h  shewn  by  the  iimnifi'st 
idophilic  tendency  of  the  nucleus,  and  f»y  the  tendency  to  destruction  of 
the  outline  of  the  cells.  As  Kempner  (153)  has  shewn  for  the  bacilltis 
of  botuHamus,  these  changes  can  l»e  originated,  by  poisons  isolated  from 
bacterial  cultures.  In  ad<lition  to  the  fatty,  other  changes  arc  foiuid  ;  some- 
timefl,  as  in  certain  cases  of  small  pox,  scarlatina.^  and  septic  disease,  a  loss 
on  the  part  of  the  cellular  prolcphwni  of  its  normal  granular  a]>peHr- 
Mice  (litreoufi  degeneration)  has  V>een  noticcfl  in  the  liver  and  kidney.  In 
ftome  severe  infections  a  condition  allied  to  cotigtUation-necrosis  has  been 
nbserve<l  in  tlie  same  organs,  and  there  has  also  I>een  seen  a  loss  on  tho 
part  of  the  nuclei  of  the  secreting  cells  of  their  ciipacities  for  taking  up 
bacte  dye«.  In  the  heart  certain  special  features  are  sometimes  reeog- 
niaable.  as  indeed  might  be  expected  from  the  highly  specialised  structure 
of  the  organ.  Tho  striation  of  the  niuscultir  tibres  is  often  lost,  the 
protoplasm  vacuolated,  and  apparently  the  nucleus  may  rlivide.  Further, 
attachment  of  the  muscle-cells  to  one  another  may  be  interrupted. 
jc*e  appearances  arc  most  marked  in  infections  in  which  the  products 
bact«rial  action  appear  tu  have  a  si>ccia1  uHinity  for  the  cells  of  this 
orgui,  the  best  example  of  this  being  found  in  diphtheria.  \Viiile 
Uie  great  solid  organs  arc  those  the  affections  of  which  are  probably  of 
great«6t  importance  from  the  atandjxiint  of  the  body  as  a  whole,  the 
•»tber  organs  of  the  body  are  also  the  subjects  of  similar  changes  well 
worthy  of  more  investigation  than  has  hitherto  been  Irestowed  on  them. 
Thus,  in  animals  dying  from  diphtheritic  inocidation,  a  very  marked 
itiire  is  the  swelling  and  congestion  of  the  suprarenal  glands,  the 
ignificance  of  which  is  unknown.  Again,  in  certain  infections,  of  which 
(Irophobia  may  bo  tjikfn  as  a  representative,  changes  occur  in  the 
ntml  ncr>'OU8  sj'stem  which,  as  neuropathology  a<lvances,  are  becoming 
more   and    more    recognised   aa   definite   in    type   (cf.   Marinesco).      In 


the  peripheral  nenes  the  best  example  of  the  occurrence  of  changes  i* 
in  the  very  common  poat-iJiphtheritif  panilyais.  Here,  accorrlinj:  to  Sir 
\V.  Ciowers,  there  is  segmentation  and  breaking  up  of  the  whit*  sub- 
stance of  the  nerves  with  multiplication  of  the  nuclei  of  the  sheath. 

One  <Iogeneration  may  he  alluded  to,  though  it  is  usiuiUy  ronsidered 
in  relation  to  the  infiamniation  with  which  it  ib  usually  associat<^d,  namely, 
the  change  allied  to  cloudy  swelling  which  often  occurs  in  infretion  in 
the  capillaries  or  smallest  arterioles.  I'his  often  leads  to  rupture  of  the 
affected  vessel,  and  hivmorrhage  into  the  tissues.  It  is  specially  marked 
in  the  kidney  in  many  cases  of  scarlet  fever,  it  may  occur  in  the  liver  in 
STOiyi-i)Ox,  in  the  brain  in  hydrophobia,  and  in  the  akin  in  connexion  with 
such  exanthems  as  typhus  fever,  small-pox,  scarlet  fever. 

In  chronic  infections,  such  as  the  infective  granulomas,  other  degeneni- 
tions,  in  addition  to  those  already  alluded  to,  occur  ;  of  these  the  Ik"*! 
example  perhaps  is  the  hyaline  degeneration  of  connective-tissue  fibres, 
especially  in  connexion  with  the  viiscular  system,  in  tertiary  Hyphilis. 
Here  also  may  be  mentioned  the  waxy  degeneration,  which  may  also 
occur  in  the  granulomas,  though  whether  this  is  in  reality  a  true  celhilar 
degenemtion.  and  not  merely  evidence  of  a  iKithological  cellular  excretion, 
is  open  to  ipiestion. 

Of  gre.'it  interest  and  importance  are  the  changes  produced  in  the 
blood  in  infections.  Ihiring  such  diseases  evi<lence  can  often  be  obtained 
of  the  existence  of  a  ver}'  fleHnitc  degree  of  anaemia,  the  red  blood-eount 
falling,  it  may  be,  by  several  millions  per  c.mm.  In  acute  infections  the 
diminution  is  probably  due  to  destiuctioii  of  red  l>hx>d-cells,  as  poisons 
liaving  this  etfect  have  been  obtained  from  certain  pathogenetic  bacteria 
In  more  prolonged  infections  interference  with  the  erythroblastic  function 
of  the  lx)ne-marrow  may  accomit  for  pjirt  of  the  change.  Other  altera- 
tions may  occur  in  the  blood-fluids,  such  as  changes  in  the  saline  content 
and  in  the  coagulation  time,  but  their  significance  is  not  clear,  as  the 
variations  have  nut  yet  been  sutiiciently  investigated.  The  changes  in 
the  leucocytes  will  l>e  referiwl  to  below  (p.  27). 

(h)  Gt^ncml  Jltiwtiiv  Chuwjcf. — The  general  reactive  changes  which 
indicate  cellvUar  activity  are  also  of  iniiwriance.  In  the  first  place,  these 
are  of  the  nature  of  inflammatory  conditions  afl'ecting  the  couMeclive 
tiMues  of  van'ous  organs,  and  present  generally  the  phenomena  of  an 
inflanmiation  often  nlight  in  extent,  hut  of  a  very  diflitse  character.  In 
many  instances  they  may  l>e  associated  with  a  general  distribution  of  the 
infective  agent.  Thus,  for  instance,  we  cannot  say  that  this  may  not  be 
the  ease  in  the  nephritis  of  scarlet  fever,  atid  in  the  changes  suggestive 
of  acute  inflammation  seen  in  the  liver  both  in  this  disease  and  in  smidl- 
|K)x.  In  diphtheria,  in  which  the  main  eflects  are  found  at  a  dist-'uice 
from  the  focus  of  bacterial  multiplic^ttion,  changes  of  a  similar  kind  have 
been  doscrilx*d  in  the  heart,  as  also  in  enteric  fever,  when-  a  toxic  element 
is  prolvibly  also  pronounced.  With  regard  ti.  changes  of  this  kind 
some  investigators  have  taken  the  view  that  these  are  limited  Co  altera- 
tion.s  in  the  vessels  of  the  nattire  of  active  liypenemia  and  to  leucocytic 
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exodfttion,  and  that  the  latter  is  seoondnry  to  degeiiemtiorm  of  the 
pKrenohynM  of  the  orgim,  and  is  related  to  the  necessity  of  remonng 
either  the  (!et!enenite<l  cells  i»r  their  [xithological  excretions.  Ch»iigeK, 
lust  proJjably  of  a  toxic  origin,  of  the  nature  of  an  active  hypenvinia 
.Mtponsible  for  many  of  the  skin  eiuptiouB  so  common  in  infective 
Affection  ut  the  arteries  and  veins  of  the  body  of  an  inHaui 
iVory  character  are  also  observable  in  sonic  infections,  and  when 
mmhined  with  degenerations  of  the  endothelium  nm\'  plaj'  a  purt  in 
the  production  of  the  intravascular — especially  intravenotts — lhronif)08i» 
.oheenrefl  in  certain  infective  diseases.  lm|>ortant  clianges  also  occur 
the  nun'oiijs  system  in  con»e<|uence  of  allied  procusses.  In  many  acute 
otfections  of  infective  origin,  in  addition  to  the  degt-nerative 
already  noted,  congestion  of  blood-vessels  and  leucocytic  emigration 
taay  be  obsen'cd,  as  in  rabies  (Koger,  291,  p.  7&6),  but  in  certain  cases 
this  interstitial  inttammation  may  be  the  primar}'  conih'tion.  This  i^ 
rSjMiCtally  true  of  the  multiple  neuritis  of  inriuen?^,  diphtheria,  scarlet 
f«¥er,  erysijH'las,  and  other  infections ;  chrontt'  forms  of  the  ^ame  claw 
*A  pathological  chuu'.'e  occur  in  leprosy  and  syjihilis.  \Vide8prea<l 
changes  of  a  reactive  character  are  also  seen  in  the  alimentary 
ami  rwpiratory  systems  oven  ulicu  these  systems  are  not  otherwise 
involved  in  the  infection.  This  is  evidenced  by  the  occiUTenee  of 
ktorrfa — a  shedding  of  epithclia  with  an  unwonted  proliferation  of  the 
ilia  whose  function  it  is  t4i  replace  iionnal  wjisti*. 

Cftott^ifx  in  the  JU(Km}  uiifl  JfomojuH'tir  Susffiu. — IbtA'ing  consideieil  the 
jtive  changes  of  an  inMammatory  iiatiu'e,  we  must  nuw  turn  to  an  even 
more  important  group  of  reactions  regarding  the  tnie  nature  and  signifi- 
cance of  which  it  is  impossible  to  speak  with  any  ilegroe  of  definiteness. 
It  bos  lieen  long  known  that  in  many  infectinns  there  is  an  increase  in 
the  number  of  white  bloo<l-coq>U5cles  in  the  Hrculation.  That  this  is  not 
due  to  a  decrease  of  the  total  volume  of  the  blood  is  itidirated  by  the  fact 
thii  the  relative  proportion  of  white  cells  to  red  colls  rises,  while  the 
absolme  numlter  of  the  latter  is  often  actually  smaller  than  normal. 
CouiiU  of  from  15,000  to  30,000  or  over  are  common  in  septic  condi- 
Cjons,  abscess-formation,  pneumonia,  etc.  I'sually  not  only  is  the  total 
mmber  of  leucocytes  increased,  but  there  is  an  increase  of  one  group,  often 
the  polyniorpbonuclear  cells.  Sometimes,  an  in  enteric  fever,  while  there 
i»  n(»  leucocytosis,  and  even  a  rliminution  of  white  cells  (leucopenia), 
there  is  a  disturU'tnce  of  the  normal  pro|wrtions  of  the  different  white 
cells.  ThuB,  in  enteric  fever  the  lymphocytes  are  reUtively  increased, 
and  a  similar  state  of  affairs  obtaitis  in  small-pov,  especially  in  milder 
occurring  in  the  vaccinated.  \Ve  are  here  concerned  with  the 
ilaiiAtion  of  the  occurrence  of  these  alterations,  and  not  with  their 
issiblc  prognostic  significance  (see  ''Clinical  Examination  of  ihv  Blood," 
ol.  I.  p.  (179).  In  the  ordinary  case  of  a  luncocytosis  with  an  increase 
of  polymorphonuclear  cells  the  question  arises,  "Whence  comes  the 
increase?"  The  researches  of  Prof.  Muir  r250)  and  others  have  demon- 
stratcil  that  the  origin  of  these  cells  in  the  body  is  in  the  red  marrow. 


and  in  (hat  situation  there  are  large  stores  of  such  celb  from  whii-h  may 
be  drawn  the  extra  cells  which  pass  into  the  circulation  in  phj'siologicjil 
leucocytosis,  for  example,  after  a  meal.  Under  certain  conditions  of 
infection  the  marrow  may  be  drained  till  it  h  almost  free  of  this  type  of 
cell,  but,  ae  Prof.  Muir  has  shewn  exj.M;riiiH'ntallv  in  animals  and  from 
observations  on  naturally  infected  men,  a  further  event  may  occur,  viz. 
active  proliferation  in  the  bone-marrow  of  the  nentiophil  myelocytes 
—  the  progenitors  of  the  neutrophil  polymorphonuclear  leucocylca. 
Fresh  Btores  of  leucocytes  are  thus  formed,  and  so  active  may  the 
process  be  that  in  a  very  few  days  not  only  may  the  red  marrow 
e.xbibit  the  greatest  embryonic  activity,  as  is  evidenced  by  the 
occurrence  of  numerous  mitotic  fissures  in  the  myelocytes,  but  the 
yellow  marrow  may  be  encroachetl  on  by  the  actively  proliferating  cell*, 
which  infiltrate  and  cause  an  absorption  of  the  fat  cells.  A  very  great 
part  of  the  medidlary  cavity  of  a  long  bone  may  thus  come  to  be  occupied 
by  newly  foi-mcd  and  active  leucoblaatic  tissue.  Not  only  in  the  marrow 
but  in  the  other  hicmopoietic  organs  is  there  evidence  of  cellular  activity. 
The  functions  of  the  spleen  constitute  one  of  the  problems,  or  j>robahly  a 
series  nf  problems,  of  great  complexity.  The  organ  has  long  been  recog- 
niscfl  a<s  being  liable  to  cbange  in  infection.s.  The  enlargement  occuiring 
in  anthrax  in  ea.ttle  Iuls  given  to  the  disease  one  of  ita  n&meSf  and  the 
increase  in  size  which  occurs  in  typhoid  fever  in  man  is  recognised  as  a 
clinical  featiuo  of  importance  in  diagnosis.  In  other  infections  evidences 
of  some  change,  either  in  size  or  character,  are  well  known.  Tlie  im- 
porUmcc  of  the  organ  in  infection  is  in  nuwise  affected  by  the  fact  that 
its  removal  is  an  operation  which  may  have  little  or  no  apparent  efTect 
either  on  the  ordinaiy  health  of  an  animal  or  on  resistance  to  infectious 
disease.  The  multifarious  forms  of  its  (^nstiiuent  cells  argue  that  the 
organ  has  complex  fimctions,  of  which  phagocytosis  is  the  best  rocogniae<l. 
Aftor  the  injection  of  pigments  into  the  blood  the  cells  in  the  spleen  are 
seen  to  take  them  up  in  :i  marked  degree,  and  bacteria  are  often  found 
in  large  cells  with  hyaline  protoplasm — probably  either  the  endothelium 
of  the  pulp-Fiinuscs,  or  cells  derived  from  tliem.  The  proliferation  of 
these  cells  and  their  phagocytic  actiWtics  were  thoroughly  investigatetl 
by  Mallory  in  typhoid  fever,  and  his  results  have  l»een  confirnied 
for  other  diseases.  They  are  classed  by  Metchnikoff  among  the  mnero- 
ph'Vffs  {riitf  art.  "  Inflammation,"  A'ol.  I.  p.  7.13).  It  may  be  in  conse- 
rpience  of  the  phagocytic  action  not  being  sufficient  to  <lestroy  the  bacteria 
taken  up  that  the  fi]>leen  niiiy  be  found,  as  sometimes  occurs,  r.ij.  in 
anthrax,  to  be  a  special  site  of  bacterial  growth.  These  cells,  however, 
aixi  also  probably  concerned  in  the  destruction  of  other  cells  whose  cycle 
of  functional  activity  has  come  to  an  end.  In  infections  they  may  be 
observed  to  contain  numerous  re<l  blood-cells,  and  also  jvolymorphonuclear 
leucocytes.  Evidence  also  exists  of  extracellular  <ligeslion,  buth  of  red 
and  white  blotxl-cells  in  the  organ,  so  that  it  is  probable  that  the  secretion 
of  <ligo3tive  fluids  forms  a  function  of  some  splenic  cells.  Prof.  Muir  lias 
oh-^tT^ed  in  inft>(tiiins  active  ((ruIiferaUon — as  fvirlcnccfl  by  mitosis — of 
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these  endothelial  cells,  and  also  of  hyaline  leucooytes  in  the  sinuses. 
Further,  there  is  a  proliferation  of  si>ccial  cells,  larger  than  lymphocytes, 
kii<]  with  abundant  and  Ixisophilio  protophism,  which  are  found  in  a  zone 
rutiiul  the  N[alpighiaii  bcRtie^.  In  the  1}  inplialii-  glands  of  the  bo<ly  there 
ifl  teas  evidence  of  acti^nty.  and  the  change  is  more  of  the  nature  of  an 
ordinary  mfUmmation,  with  pol>*morphoTuiclear  exudation  from  the  vea^I» ; 
but  in  certain  infections  there  is  also  an  increa.He  of  lymphoid  tissue  in  the 
^rminal  areas,  which  arc  the  onlinary  sites  of  the  genesis  of  the  small 
lymphocytes  of  the  bloo<l,  and  here  also  proliferjition  of  the  endothelial 
lining  of  ihe  lymph-siiiugc^  gives  rise  to  eelle  similar  to  those  desci-ilied 
ill  connexion  ^vith  the  pulp-sinuses  of  the  spleen. 

From  a  consideration  of  these  facts  \re  can  now  understand  ho\v  it  is 
thmt  changes  occtu*  in  the  bloo<l  in  infection.  No  douhi,  at  firat,  the 
lilocxl-cells,  so  far  as  they  are  anueboid,  nrc  dra^ni  from  tlic  storage 
oentren  by  cliemiotactic  iiilluonceij,  but  later  there  it^  an  acute  proliferation 
originated  in  ihe  l)tix>d-forming  tissues,  and  thus  ati  increased  supply  of 
cclU  is  ready  to  pa«s  into  the  blood  either  under  these  cliemiotactic 
influences  or  by  mechanical  means  when  cellular  contractility  i»  ai>sent  or 
weak,  as  in  the  case  of  the  smalt  lymphocytes.  These  blood  changes 
constitute  the  most  striking  and,  it  ma)*  be,  the  most  irajiortant  element  in 
the  genend  changes  occurring  in  the  bo<ly  in  infection.  In  a  local  inflam- 
matioD  oaosed  by  bacterial  infection,  the  migration  of  leucocytes  from 
l3ie  TMBoIs  iinder  chemiotactic  influences  has  often  been  looked  on  as 
^eonstituting  the  essence  of  an  inflanmiation.  Btit  only  in  a  very  limite<i 
Rod  local  infection  docs  this  diapcdcsis  alone  affect  the  white  cells 
circulating  in  the  neigb1x>unng  blood.  AVhenever  an  infection  becomes 
eevere  and  logins  to  manifest  general  effects  either  by  the  geneml 
distribution  of  l>;ictcria  or  while,  as  in  pneumonia,  the  iKictcria  are  still 
largely  or  entirely  cunfined  to  one  lucality,  then  the  local  leucocytic 
reaction  becomes  but  a  (mrt  of  a  genend  reaction,  which  affects  not  only 
the  leucocytes  of  the  circulating  blood,  but  the  blood-forming  organs 
themselves.  How  far-reaching  the  elfects  of  this  reaction  may  })e  in 
modifying  the  vital  actiotis  of  cells  and  the  constitution  of  the  iKxiily 
fluids  we  shall  consider  under  the  heading  uf  immuniiy. 

The  effects  of  the  action  of  infective  Uicleria  on  thu  structure  of  the 
body  may  be  thus  summe<l  up : — 

(I)  Local:  (a)  Cellular  ile^^t^nerationf. 

{h)  Cellular    Qiitivity — occurrence    of    iullainmatiun,   including 
lencDcytic  exuiiation. 
(2}  Oimtni—{H)  Cellular  depenemtionp. 
(h)  Cellular  artivity. 

(a)  Diffuse  effects  of  an  inflammatory  It^k*. 

(fi)  Proliferative  activity  of  blood-fomiing  organs. 


TJv  Tmic  Efed&  of  Baetaia. — Besides  the  recognition  of  the  effects 
produced  by  bacteria,  the  paramount  truth  which  must  be  emphatically 
iiiSMted  on  here  is  that  the  chief  effects  of  bacteria  are  not  dependent 
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on  the  actual  presence  of  the  bacterial  cells.  As  we  shall  point  out 
immediately^  a  general  distribution  of  bacteria  in  the  body  in  huxDan 
tii»ea«e  is  rare,  and  yet  the  occuirence  of  general  effects,  even  when  the 
bacteria  are  contined  to  one  part  of  the  body,  is  the  nile.  To  explain 
this  occurrence  aeveral  hyxK)the.se5  were  formerly  aiivanced,  such  a-s,  for 
instAiice,  that  the  bacteria  used  up  the  footl  of  the  tissues^  or  that  they 
cut  off  the  blood-supply.  But,  as  we  shall  presently  see,  the  isolation 
from  bacterial  cultures  of  chemical  suhsUinces  capable  of  originating 
specific  effects  has  led  to  the  view  that  such  poisonous  materials,  the 
products  of  bacterial  protoplasm,  are  responsible  for  the  distant  effect* 
which  Itacteria  produce.  Before  corisidering  these  poisona  there  is  a 
matter  to  which  we  must  allude. 


B.  Changes  in  Function 


Such  diverse  structural  affections  as  we  have  do8crihe<l  cannot  but 
have  a  serious  effect  on  the  functions  of  the  organs  concerned.  Slight 
local  infections,  es|)eciftlly  of  the  extremities,  beyond  affecting  movement, 
cause  comparatively  little  functional  interference.  Even  a  local  infection, 
however,  may  have  serious  effect  if  it  involves  an  internal  organ.  Thus, 
infective  endocai-ditis  may  rapidly  prcwluce  serious  effects  by  causing 
valvular  incompetence,  and  a  suppunitive  condition  in  the  kidney, 
secondary,  fnv  instance,  to  vesical  infection,  may  set  up  degenerative 
changes  in  the  renal  parenchyma  which  may  be  folloived  by  arrest  of 
its  fiuictiou.  The  interferences  with  function  caused  by  general 
effects  are,  however,  much  commoner  and  nii>ro  serious.  Their  considera- 
tion presents  a  problem  of  great  complexity.  In  oven  compamtively 
slight  lucjil  infections,  and  in  nearly  every  acute  general  infection,  there 
occurs  the  interference  with  heat-reguhition  which  causes  the  bodily 
temperatm*c  to  rise  ;  in  other  words,  which  produces  fever.  The  [wthology 
of  fever  is  still  far  from  l>eiTig  placed  on  a  secure  basis  {viffe  art.  "Fever," 
Vol  I.  p.  818),  and  many  questions  arise.  The  fever  may  Iw  the  expnws- 
sion  of  increased  metabolism  of  bodily  cells  caused  by  l>acterial  poisons, 
but  increased  mctal>olism  from  pathological  chaitges  very  similar  to  those 
of  bacterial  infection,  such,  for  instance,  as  occur  in  plnwphorus  ]x>isoning, 
is  not  associat^Nl  with  fever.  On  the  other  hand,  the  raising  of  the 
temperature,  due  it  may  be  to  diminishe<^l  output  (however  this  diminu- 
tion is  caused),  may  originate  the  changes  in  the  cells.  But  in  whatever 
way  the  elevation  of  the  Iwdily  temperature  may  come  alwut,  there  w 
an  increased  breaking  up  of  the  bodily  tissues.  The  (picstion  for  con- 
sideration is  whether  this  is  dtie  to  the  direct  action  of  the  bacterial 
poisoiiit  on  the  tii?sue-cells,  or  indirectly  due  to  the  action  of  ihese  [)oisons 
on  a  central  heat-regidaiing  mcehaiiism.  Till  this  is  settled  we  ciin  have 
no  clear  conception  of  the  etiological  relationships  of  many  of  the 
functional  cluuiges  observed,  and  our  knowledge  of  what  occurs  in  the 
fever  of  infection  throws  little  light  on  the  matter.  It  is  possible  that 
hacteiial    [wisons    may   have    direct  effects  on   tissue-cells  and   lead   to 


increased  tnetaholism  find  increased  production  of  hent.     For  during  the 
«irly  suige  uf  iin  infective  fever  while  the  tt'iuperatiu'c  is  still  little  above 

nn.'il   it    is   probable   that    there  ia  increase<l    production    as   well   as 

er«i*od  loss  of  heat.  On  the  other  hiirid,  the  following  obsorvationa 
indicate  an  etiect  on  a  heat-regulating  mechanism.  It  has  been  shewn  by 
numeroUH  investigators  (Roger  (291),  Krehl  and  Matthos  (171))  that 
it  is  possible  to  isolate  from  bacterial  cultures  i>oison3  giving  rise  in  small 
doees  to  fever,  which  may  or  may  not  be  followed  by  recovery,  while 
larger  doses  invariably  cause  collapse,  unaccompanied  by  fever  and 
resulting  in  death.  Vndoubtedly  similar  facts  obtain  in  natural  infec- 
tions. In  srarlatina,  for  instance,  while  in  the  less  severe  forms  fever  is 
prmcticaUy  an  invariable  accompaniment,  there  is  the  malignant  form, — 
undoubteilly  toxic  in  nature, — in  which  the  individual  attAcked  rajiidly 
succumbs  fronj  collapse  without  any  fever  [rifle  p.  -133].  Further,  and  now 
we  must  speak  with  the  greatest  reserve,  it  is  possible  that  part  of  the 
increased  heat  produced  in  fever  may  be  the  expression  of  the  increased 
work  flone  by  the  bodily  cells  lu  that  increjised  cellular  activity  which 
<.T>nstitute.4  the  reaction  against  infection. 

Apart  from  general  etlects  on  metabolism  certain  organs  are  function- 
illy  aJEfec'twi  in  a  special  degree.  For  instance,  we  have  the  tendency 
to  eairdiac  weakness  in  diphtheria  and  pneumonia,  the  paralytic  effect  on 

e  nervous  system  in  one  form  of  hydrophobia,  and  the  spasms  of  teiwnus. 

itv>e  Iiust  two  examples  are  of  sjiecial  interest  and  im|>ortance  in  that  they 
are  not  associated  with  any  gi'eat  stTuetunU  lesion  in  the  parlH  affected. 
.Similar  functional  disturbances  probably  account  for  the  delirium  of  infec- 
tive fevers,  and  even  for  certain  of  the  convulsive  seiziu-es  which  occur. 
With  regard  to  the  heart  and  circulatory  system  the  well-known  changes  in 
the  character  of  the  pulse  brought  out  by  sphygniogi-aphic  tracings  in  infec- 
Hons  indicate  the  alterations  in  function  produced.  Attempts  have  l>een 
made  to  3tudy  these  e  x  peri  men  tAlly,  but  apparently  not  iti  a?iimalfl 
-  I H .- ring  from  natiu*al  diaeuae.  Ifoger  studied  the  effects  on  the 
ijM^PS  heart  of  poisonous  subst;uiccs  ilerivwl  from  bacterial  cultures. 
Apait  from  the  objection  that  these  substances  were  very  proliably 
m<.*tJitiod  by  the  means  of  separation  adopted,  the  experiments  are  open 
to  the  criliiism  that  the  d<.wes  given  wei-c  enormously  in  excess  of  the 
jimount  of  H  Imctetial  poison  acting  on  the  heart  at  any  particuhtr  atitge 
•tf  a  nacund  illness.  Of  interferences  with  the  functions  of  other  organa 
the  kidney  is  the  l»est  example.  Here,  with  absence  of  evidence  of  actual 
pathological  change  of  such  degree  as  to  cauec  de-ath  or  detachment  of 
the  secretory  cells,  there  is  often  evidence  uf  loss  of  function  in  the 
ncc  of  albumiu  in  the  urine.     This  may  be  an  acL-omjianinient  of 

mges    such    as    cloudy    swelling.       \Vhen    there    is    actually    rdlular 
juiimattun    the  albuminous  excretion  may  be  much  more  apimrent. 
cuto  inrtauunacion  of  the  kidneys  may  also,  as  in  scarlatina,  be  accom- 
panied by  rupture  of  capillaries  and  the  appearance  of  ha^maturia.     In 
chronic  degenerations,  such  as  waxy  degeneration,  the  kidney  function 
t»  much  aff'ected  along  similar  line^.     The  excretion  of  urea  may  also 
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bo  interfered  Avith  both  in  acute  and  chronic  infectious  disease.  Usually 
in  such  cases  there  is  structural  change,  but  in  very  acute  conditions  this 
may  be  absent,  and  yet  the  suppression  of  the  kidney  function  may  lead  to 
de^ith.  Little  can  be  said  as  to  the  nature  of  functional  interferences 
with  other  organs,  though  these  undoubtedly  exist.  Their  investigation, 
however,  is  complicated  by  two  conditions :  first,  our  ignoi-ance  of  the 
essential  nature  of  fever,  which  prevents  our  estimating  the  parts  to  be 
assigned  to  direct  Imcterial  action  on  organs  and  to  the  effects  of  the 
mere  elevation  of  bodily  temperature  on  general  metabolism.  Secondly, 
in  ncjirly  every  infection  the  intake  of  food  is  diminished,  and  thus  it  is 
diflicult  to  compare  the  metabolic  processes  in  such  a  condition  with  those 
obtaining  in  health. 

From  what  has  been  said  regarding  the  diverse  interferences  with 
structure  and  function  which  bacterial  may  originate,  it  will  be  readily 
understood  that  death,  when  it  occiu^  from  l^acterial  disease,  may  be  due 
to  a  great  A'ariety  of  causes.  Sometimes  mere  local  efTects,  such  as,  for 
instance,  an  inflammatory  onloma  of  the  glottis,  may  cause  death.  Most 
usujiUy,  however,  death  is  due  to  general  coiiditions.  It  may  come  from 
more  rise  of  bodil}*  temperature,  from  i)oisoning  of  the  heart,  from 
interference  with  the  kidneys  leading  to  the  suppression  of  their  functions, 
from  interferences  with  general  metabolism,  and  (especially  in  chronic 
infections)  from  the  drain  of  nutriment  from  the  blood,  such  as  occurs  in 
waxy  disease  of  the  kidneys. 

The  Distribution  of  Bacterial  Le-sioxs 

In  dealing  with  infectious  disease,  a  series  of  widely  ditFering  pheno- 
mena must  be  accounted  for.  This  is  chieHy  due  to  the  complexity  of 
liiioterial  action,  but  the  varied  distribution  of  bsicteria  in  the  body  con- 
stitutes an  importiint  factor.  In  the  first  place  we  will  consider  some  of 
the  uscertaineii  facts  regarding  this  distribution  of  the  bacteria. 

In  such  a  disease  as  tet;inus  the  bacteria  are  entirely  confined  to 
the  place  of  infection,  there  never  being  the  least  evidence  of  their 
spreadini;  to  other  iwris  of  the  body.  Even  in  the  similar  case  of  diphtheria 
whtMO  there  is  a  pronounced  local  manifestation  of  activity  the  bacteria 
are  oont^nt^l  locsilly.  This  is  a  very  common  occurrence  in  infection — 
Kx-al  ertVots,  local  distribution  of  Iwcteria,  and  yet  general  metabolic 
and,  it  mnv  lx\  even  structural  effects.  In  fact  it  is  comparatively  rare 
for  kicieria  to  have  a  }wtho^onotic  action  in  the  body  without  some 
giMionil  tlisturlvince,  however  slight  that  disturlunce  may  be.  Sometimes 
a  nirKlirtoation  of  a  local  infection  may  be  ol^sorvetl,  in  that  the  site  of 
the  kval  manifestation  of  Uicterial  growth  may  l»e  some  distance  from 
the  j»i>:nt  of  ino«.'ulation.  For  example  the  Ihj>I'M\*rcu.^  htrart-Uuhns 
'Kz-fiiu  i:T:'  -  pr<^K»)^ly  i::iins  entrance  to  the  cerebrospinal  meninges 
throuLih  tho  cribriform  pla:e  of  the  ethmoid  from  the  nose,  in  which 
>::'.;;i;ion  they  proihico  little  or  no  j^ithogenetio  effect.  Again,  in  some 
cases  oi  infection  of  lH>nes  or  joints  by  pyogenetic  bacterui  the  primary 


infection,  as  indicAted  by  a  local  roactioii,  may  be  sought  fur 
in  vain  |M]«Uinortoin. 

At  the  other  extreme  arc  cuscs  in  which  with,  it  ma\-  be,  little  local 
reaction,  the  bacteria  gain  an  entrance  to  a  part,  multiply  with  extra 
ordinary  nipidity,  reacli  the  l)l()(j<l-strciam  either  directly  or  through 
Um  intermodittry  of  the  neighbouring  lymphntics,  multiply  tliei-e  u\m\ 
and  jin?  found  in  oveiy  tissue  of  the  body.  Death  in  such  citscs  in- 
variably rosidt^.     The  condition   is   known  n&  septic;fmia,  and,  although 

dly  only  applied  to  cases  in  which  a  general  distribution  of  the  pyo- 
'l^elic  cocci  occurs,  the  term  in  strict  Bcientific  phniaeologj'  must  \w 
extended  to  include  simiUu-  ufl'ections  caused  by  such  organisms  as  the 

;ue  bacilliu  anil  the  IS.  ufiihivciii.     In  man  a  general   septicaemia  is 

inunon  ;  it  is  be»t  seen  in  the  septiciemic  form  of  pbigue  and  in  some 
cases  of  streptococcal  infection.     It  is  more  usual  in  man  to  have  a 
>UB  local  growth  succeeded   by  general   eH'ects  of   a   purely  toxic 
clkKncter. 

There  may,  however,  occur  the  development  of  secondary  foci  of 
growth  caused  by  the  settling  down  of  escaped  Ijiicteria  and  the  elabora- 
tion of  pciison  by  thorn.  From  the  original  local  nidus  in  an  acute 
infection  the  bacteria  may  pass  into  the  neighbouring  lymphatics.  They 
va^y  lie  caught  in  the  nearest  lymphatic  glands,  and  set  up  a  reaction 
lht:n>  which  may  bo  the  tiiial  mauifesuition  of  the  disease,  as  in  the  fre- 
qaently  occurring  abscess  in  the  axilla  secondary  to  a  poisoned  wound  of 
tile  hand.  They  may,  however,  jiass  beyond  the  glands  to  set  up  other 
loci,  it  may  bo  ^vith  a  fatal  termination.  Sometimes  the  spread  irom  a 
luft  is  through  the  veins  (rarely,  for  obvious  reasons,  is  there  the 
ity  for  spread  by  art^jries).  liicteria  may  gain  luhnission  t<»  ^  eins 
directly  by  being  mechanically  introduced  into  an  injured  vein  in  the  local 
leaiou.  Mure  frequently  the  local  bacterial  action  afl'ects  the  wall  of  » 
neighbouring  vein,  and  the  bacteria  grow  into  the  coats  of  the  vessel.  The 
vitality  of  the  intima  sutlers  imi>airnient,  leading  to  thrombosis  ;  the 
loctcria  grow  in  the  thrombus,  cause  it  to  soften,  and  thus  they  may  be 
1  into  the  circulation.     This  accounts  for  the  occurrenci'  of  the  jmeu- 

ic  conditions  which  constitute  a  grave  danger  to  life  when  they  arise 
Mooodarily  to  local  infections,  such,  for  instance,  as  suppurative  periostitis. 
The  eeca[>o  of  a  few  bacteria  into  the  blond  in  local  infections  is  proliably 
Bwre  common  than  is  usually  supposed.  It  is  exeessivcl}'  rare  in  man  to 
\m  able  to  demonstrate  bacteria  microscopically  in  the  Idood.  But  if, 
during  an  infection,  a  considerable  quantity  of  blood,  sjiy  o  c.c,  l)e 
SMptically  withdrawn  from  a  vein  with  a  hypodermic  syringe  and  in- 
cuImu^jI,  evidence  of  the  presence  of  the  organism  assocuited  with  the 
infection  may  be  found.     In  chronic  infections,  such  as  tuberculosis,  the 

iciples  of  the  distiibution  of  the  causal  Ivicteriu  are  the  sjimc.     Spread 
vr  take  place  either  by  the  lymphatics  or  by  the  blood-stream,  atui  in 
;h  c«#es,  especially  in  the  latter,  an  enormous  number  of  secondary  foci 
may  of  course  be  developed. 

In  certain  cases  a  spread  of  infection  from  one  part  of  the  1>ody  to 
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another  may  take  place  hy  transferenc*  of  bacteria  along  nauiral  free 
siirfacea.  Thus  infection  of  one  part  of  the  skin  from  another  is  common  ; 
the  rupture?  into  an  air-ceil  of  a  tubercnlous  fucus  iu  the  lung  may  laid  to 
infectiun  hy  ftspimtion  of  the  bacilli  into  other  parta  of  the  \\\ii^;  the 
swallowing  of  tuberculous  sputum  may  lead  to  ulceration  in  the  intestine. 
Similar  pi-ocesses  may  bo  at  work  in  the  spread  of  Imcterial  infoctioo» 
from  the  urethra  and  bladder  to  the  kidneys  and  teaticle«. 

The  spread  of  infective  bacceria  may  to  some  extent  bo  detenainc<i 
by  certain  organs  of  the  body  constituting  a  better  food-supply  for 
bacterial  gmwth,  or  the  condiiiona  of  hxHil  cin:nlation  may  conie  into 
play.  Tims,  in  the  spread  of  pyo^enetic  cncci  as  from  the  canliac  valves  in 
infective  endocanlitis,  these  are  much  more  apt  to  settle  in  the  kidneys, 
the  joints,  and  in  certain  cases  {especially  in  the  artificial  inoculation  of 
animals)  in  tlie  serous  cavities  than  in  other  parts  of  the  body.  In 
glanders,  on  the  othei*  hand,  the  bacilli  are  prone  to  Bettle  in  the  joints 
and  in  the  skin,  and  of  the  solid  urgans  the  spleen  is  said  to  be  more 
fretpiontly  atfected  than  the  kidneys. 

Thk  Poisons  formed  iiy  Bacteria 

JThtort'Uil. — Study  of  the  pathological  effects  of  bacteria  omphaticallr 
^Established  the  position  that  bacteria  can  act  at  a  distiince  from  the  sit« 
of  their  multiplication  in  the  I>ody.  The  proof  that  such  an  action  occni^ 
rests  on  the  isolation  from  bacterial  cultures  of  substances  capable  of  pro- 
ducing the  same  changes  that^  would  follow  the  injection  of  the  cultures. 
The  earliest  demonstration  of  the  poisons  produced  by  and  excreted  by 
l>acterial  cells  is  found  in  the  work  of  lioux  and  Yerain  (295)  on 
iliphtheria.  These  observers  shewed  that  if  cultures  of  the  fii]ihtheria 
bacillus  were  filtered  germ-free  through  an  imglazed  earthenware  cylinder, 
the  filtrate  was  toxic,  and  produced,  accor<ling  to  the  dose,  rapid  death  or 
a  more  ]>rotracted  illness  during  which  the  paralyses,  so  characteristic  of 
mittnal  iliphtheria,  frot^uently  occurred.  Similar  results  were  obtained 
with  tetaniLS  by  Kitasato  (loo).  To  the  early  |)art  of  the  sjime  i)eriod 
belongs  the  work  of  Brieger  (45)  on  certain  poisons,  chiefly  alkaloidal  in 
nature,  called  ptomaines,  which  were  isolated  by  him  from  putref>ing 
Hesh  and  also  from  bacterial  cultures.  Such  alkaloidal  [loisons  probably 
do  exist,  as  has  been  shewn  by  Brieger,  Vaughan  and  Novy  (3.34),  and 
others,  and  occur  in  connexion  with  the  poisonous  effects  of  flesh,  fish, 
cheese,  and  so  forth  (see  "  Food -poisoning,"  p.  855),  but  it  is  practi- 
cally c(*rtain  that  alkaloidal  l>o<1ies  play  a  subsidiary  part,  if  any  part  at 
all,  in  the  pathogenetic  action  of  bacteria.  Brieger  and  Fraenkel  (47 » 
next,  by  treAtment  with  alcohol  and  with  other  precipitants  of  proteids, 
isolated  Irom  cultures  of  the  diphtheria  bacillus  certain  albuminous 
eubstances,  nhicb  they  termed  toxalbumins  and  regarded!  as  the  toxic 
a^nts ;  certainly  part  of  the  true  toxic  principle  was  thus  precipitated. 
Pirof.  Sidne}-  M.artin  (222)  established  the  capacity  of  these  bacteria  to 
produce  fermeutation  products  such  as  albumoses,  and  further  shewed 


the  breakiiifr-dowii  process  could  procoecl  even  further  atul  give 
to  alkaloi'lal   Vxjdiee  (in  anthrax)  or  org:inio  acid.-*  (in  diphiherifi). 

thwr,  ho  i*olalod  from  ihe  spleens  of  individuals  dead  of  diphlliei-ia 
,4lbtzino6««,  which,  when  given  in  repeated  doses,  produced  in  animals 
-cs  of  »  i>ost-diphtheritic  type.  Since  fermentation  luidoubtedly 
in  )>netcnal  cultures.  Prof.  Martin  [tut  fonvard  the  hypothesis 
timt  in  diphtheritic  infection  a  double  process  was  nt  irork.  He 
ivmceived  ihnt  in  the  membrane  the  Iwicilli  gave  rise  to  a  ferment,  and 
thftt  thia  ferment,  being  absorVierl  int^  the  ImmIv  of  the  infected  aniniH),  set 
«p  a  proteolytic  change,  resulting  in  the  production  of  toxic  albumoses, 
which  were  the  active  agents  in  producing  the  intoxication-phouomeria. 
WTietlicr  the  toxic  ai(CHt«  arc  really  albiimoaes  or  not,  there  is  no  doulit 
tJhat  they  ean  be  obtained  from  cultures  by  chemicAl  methods  appropriate 
to  the  isolation  of  albuniotjcs.  lirieger  and  floer  (4*i)  st^ite  that  they 
obtained  specitic  toxic  materiald  which  give  no  proteid  rcMCtion, 
their  experiments  have  not  Iwen  re]}entixl.  Uschinski's  (330) 
*^»)«ervation  that  the  diphtheria  bacillus  conbl  grow  and  could  jiro- 
duoe  it«  |x)isons  in  uiine  (free  from  proteid)  would  rather  point  to  the 
Iroe  {wiiions  Iwing  fomiod  intra  bacteria  Uy  and  not  t^^condarily  from 
nuterial  preflent  in  the  fo<Ml  ntedinms.  The  oJ^servation  docs  not,  how- 
flver,  exclude  the  possibility  of  theao  i>oisons  being  albumosos,  for  the 
building-up  pnwe^ses  which  result  in  the  formation  of  the  higher  albumins 
cif  ib»»  )»f*ctcrial  protoplasm  might  be  followed  by  a  metJibolic  breaking- 
np  of  thi\t  protoplasm  into  lower  proteids. 

The  Toxins. — AH  attempt*  to  obtain  bacterial  poisons  in  u  condition  of 
partly  ha\  e  hitherto  been  unsuccegsful,  and  for  a  long  time  pa^t  bacteri- 
ctlogisu  have  been  forced  to  confine  their  attention  to  impure  bacterial 
profhictA,  which,  though  containing  the  [xjisons,  conUun  much  else.  Study 
has  tHiw  been  directed  nither  to  the  toxicological  action  of  these  impure 
mixture*  than  to  the  isubstauocs  to  which  the  toxic  action  is  really  due. 
Since  the«e  poiiwriif  possess  features  which  mark  them  off  from  well- 
knnwn  toxic  agents  like  the  toxic  alkaloids,  glucosides,  it  is  usual 
10  denominate  the  bnctorial  poisons  by  the  indctinite  term  tarins.  Wo 
caniiot  go  far  in  our  study  of  these  toxins  without  recognising  that 
poivons  of  different  kinds  are  prorluced  by  bncteriu.  From  lack  of  pre- 
tiffion  in  the  present  state  of  our  knowledge  it  is,  liowever,  flifficult  to 
classify  these  vj,rieties  and  to  speak  clearly  rcgai-ding  them.  An  out- 
ftaoding  feature  recognised  soon  aftci*  the  first  work  of  Koux  and 
in  waA  that  while,  in  the  case  of  many  Imctena,  toxins  coidd  be 
sepnratrd  from  Huid  culttires  by  filtration  through  porous  carthen- 

%  in  the  i-ase  of  others,  of  which  the  anthrax  Iwicillus  may  be  taken 
AS  an  example,  no  toxic  liltrateK  coidd  he  obtained,  although  the  intox*!- 
eating  qimlities  of  the  Isicteria  in  aetiuil  tliseasc  appeared  undoubted. 
This  led  tij  the  idea  that  in  some  cases  the  toxins  readily  pass  out  of  the 
bacterial  protoplasm  into  culture  fiuirl.  while  in  others  either  this  pass- 
a^  does  not  occur  or  the  organisms  cannot  form  in  culture  Huids  the 
toixsu  which  they  elaborate  in  the  animal  organism.     Leaving  the  Inst 


^ 


possibility  out  of  account,  it  has  been  usual  to  differentiate  between  extra- 
and  intra-cellular  toxins.  The  terminology  is  im fortunate,  for  the  extra- 
celluhir  Ixitteriul  toxins  have  been  found  merely  to  be  examples  of  m 
class  of  poisfjns  widely  diatrilnited  in  the  animal  ami  vegetable  kingdoms. 
The  situation  is  rendered  still  niofc  difticidt  by  the  fact  that  in  certain 
bacterial  poisonings  representatives  of  Iwth  gionps  are  probably  actively 
engaged.  For  convenience  we  shall  speak  of  the  extr.icellular  toxins 
and  allied  poison.s  as  the  diphliitiria  ^Toup,  and  apply  tlie  t«rm  intr-u- 
cellular  toxins  to  those  usually  described  under  this  Mame,  but  we  must 
not  be  supposed  to  commit  ourselvu.s  to  the  position  that  the  poisons  of 
the  two  groiips  differ  fundamentally  from  one  another. 

(it)  The  Diphtheria  Group  of  Toxins. — («)  BoHtmrl  Twins. — Tho 
chief  biicterial  inenil>ers  of  thi*  group  are  found  in  the  crude  tcxiri>! 
derived  from  cultures  of  the  B.  dtiihlh-r'nr.  {iCoux  (292)),  the  V.  ktam 
(Kitasato  (155;),  and — of  much  less  importance — from  the  />.  htAuhuui 
(Kempner  ( I  o'.\)).  The  bouillon  ciikures  are  grown  under  conditions  which 
experience  has  shewn  to  produce  the  strongest  toxins.  These  conditions 
vary  in  different  cases.  Much  depends  on  the  constitution  of  the 
medium,  and  on  the  tempcnitine  of  growth,  and  on  the  period  elapsing 
before  filtration.  Sometimes  strains  of  bacteria  are  met  with  wliich  will 
not  produce  toxins  luidcr  con<litions  usually  favourable.  Generally 
speaking,  in  any  twuillon  culture,  there  is  a  period  of  increasing  toxicity 
nutil  a  maximum  is  reached.  This  is  succeeded  by  slow  disappearance 
of  toxin,  and  idtimately  very  old  cultures  may  be  found  to  be  quite 
innocuous.  After  growth  the  cultures  may  be  liltered  through  unglnzed 
earthenware  and  the  filtrate  kept  covered  with  a  thick  layer  of  toluol 
♦Sometimes  filLrution  is  not  resorted  to;  the  cnlture  may  be  merely 
repeatedly  shaken  up  \Wth  a  considerable  rjuantity  of  toluol  until  conti-ol 
Clotures  shew  ibit  all  the  bacteria  have  been  killed.  Again,  tlie  Huid  may 
be  simply  allowed  to  stand  to  deposit  the  Uict^ria,  or  it  may  l»e  centri- 
fugalisod  and  the  upper  layer  used  as  the  crude  poison.  \Micn  the 
oi^anisn)  fonns  spores,  as  occurs  \nth  the  tetanus  bacillus*  this  treatment 
will  not  kill  the  sfMres,  and  the  toxin  thnts  prodnce<l  cannot  be  used  for 
animal  experiments.  Again,  in  a  cultiue — filtered  or  unfiltered — a  con- 
centration of  the  toxin  may  be  accomplished  by  adding  crystals  of 
ammonium  sulphate  to  satunition,  setting  aside  for  twenty-ftntr  hours  at 
37'  C,  and  then  skimming  off  the  precipitated  proteids  (wliich,  from  the 
density  of  the  solution,  float  on  the  surface).  These  may  be  dried  in 
UUHO  over  sulphuric  acid  and  stored  in  the  dry  condition.  Further 
attempts  at  purification  being,  a.**  we  have  seen,  im|)ossiblc,  the  properticii 
of  the  poisons  can  only  be  .studied  by  the  invej*timition  of  the  to.\ic».>- 
logical  rt^ctions  of  the  cm^le  fluids.  In  the  ca-ses  of  the  specific  disease- 
producing  poisons  of  diphtheria  and  tetanus  this  is  done  by  estimating 
the  smallest  amonnt  (minimal  lethal  dose,  or,  briefly,  "  M.L.D.")  which 
will  kill  ft  guinea-pig  of  250  grammes  weight  on  the  foudh  day  after 
inoculation.  Thi.«  is,  of  course,  a  jnirely  artificial  t?tan<lard,  but  it  is 
founded  on  the  general  principle  that  if  an  animal  survives  this  length 
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of  illnoM  it  will  probftWIy  either  snrnve  altogether  or  die  only  after  a 
chronic  illnrAS.  The  strength  of  a  toxin  is  always  meaaurefl  in  terms  <>f 
this  mininiul  leth.il  tlose,  and  such  a  ^tandnrd  is  adopted  with  all  toxins, 
though  of  course  the  tj'pe  of  latholojtriail  eflect  to  bo  tJikeu  as  the 
imal  one  must  be  vaiit^d  with  the  toxin  under  consideration. 
The  study  of  the  I»actoml  toxins  of  the  group  under  consideration 
has  revualnl  the  possessinn  by  thera  of  certain  characters.  Thus  they 
4Pe  all  dialyfiablc.  they  are  all  preripitable  fitiin  solution  by  alcohol  and 
Ammctniuin  sulphate,  and,  generally  s]}e;iking,  they  are,  a?  has  been  said, 
Mrpunble  by  any  method  cajMible  of  sopamting  albnmoses  from  mixtures 
of  iroteids.  ^^enerally  speaking,  thoy  are  inclined  to  loec  their  toxic 
projierties  when  heated,  though  here  there  are  considerable  individual 
dirterences.  Thus  the  diphtheria  and  tetanus  toxins  lose  their  toxicity 
after  half  an  hour's  exposure  to  a  temperature  of  55*^^  C,  while  the  toxin  of 
the  liysonter^'  Viacillua  is  not  affected  till  a  temperature  of  70'  C  is 
apf>lied  for  an  hour.  Further,  these  poisons  are  very  susceptible  to  the 
Mtioji  of  the  digestive  ferments,  so  that  large  fiuantities  can  often  be 
tftken  into  the  stoiuiich  without  any  niorbiil  efl'ect  l>eing  prmluced.  Their 
tnxic  properties  are  also  removed  by  many  chemical  substances,  and 
e«pecuUiy  by  acids  and  alkalis.  None  of  these  agencies,  whether  heat, 
digestive  ferments,  or  cbemicala,  necessarily  break  up  the  poison  molecule. 
Thry  merely  iliminish  or  destroy  its  toxicity.  With  regard  to  the  jwtho 
togicftl  effects  of  these  poisons,  one  of  the  most  striking  features  is  the 
freijuent  occurrence  after  inoculation  of  a  j>eriodof  incubation,  during  which 
the  poison  apjjcars  t<i  l>e  latent  in  the  system  of  the  aniinnl  attacked.  This 
period  varies  with  the  dose,  but  in  the  case  of  bacterial  toxins  always 
exist*,  though  ait  present  we  can  give  no  explanation  of  the  phenomenon. 
Bat  fterhaps  the  most  characteristic  fejiturc  of  this  group  of  toxins,  which 
probably  more  than  any  otlicr  marks  them  oti'  as  a  separate  group  of 
chemical  suljsiances,  is  tliat  if  successive  non-lethal  doses  be  injected  into 
an  animal,  it  is  found  that  in  the  senini  of  that  animal  there  appear 
oihstances  which  can  neutralise  the  toxic  action  of  the  toxins.  Thef^e 
ctibstjinces  we  the  antitoxins.  This  antitoxin-formation  probably  docs 
nut  occur  ^ith  other  poisons.  Besrcdka  (2H)  has  described  such  a 
phenomenon  in  connex:ion  with  iniinunisation  agidnst  arsenic,  but  his 
experiment*  might  have  another  interpretation.  Morgenroth  (248)  could 
aot  find  evidence  of  ati  antitoxin -production  in  imnumisation  against 
morphine.  It  is  thn  recognition  of  a  characteristic  antitoxin-production 
which  justifies  the  extension  of  the  limits  of  this  group  to  include  poisons 
of  non-bacterial  origin.  The  chief  toxins  thus  brought  into  the  group 
HHV  found  among  the  !4n,'ike-]M:iisons,  but  examples  are  found  in  the  less 
HH^jrtant  sri>rpion-  and  »pitler-poisons  and  among  the  vegetable  poisons 
Plo  the  toxins,  ricin  and  abrin,  derived  from  the  castoi-oil  bean  :ind  the 
1  j«r|nirity  seed  respectively.  Evidence  from  the  chemical  side  pointing 
I  Co  the  probability  of  the  rolatioi»ship  of  these  prisons  with  the  bacterial 
■  pobo>n£  had  preriously  been  obtaine<l.  Thus  Weir  Mitchell  (243)  had 
eoDcluded   that   the   snake-venoms  were   aibumoses.      The   fact   of   the 


R$9ocifiCion  of  the  di))htheria  group  of  toxins  with  the  dcvelopuient  of 
corresponding  antitoxins  has  been  found  to  shoil  light  on  the  nature  and 
mode  of  nction  of  these  toxins.  This  necessitates  the  piMtponement  of 
the  considomtioii  nf  man}''  questions  which  naturally  arise  here,  till  «re 
c&n  deal  at  the  same  time  with  the  pro]>ertie8  of  the  antitoxins.  The 
pathological  efVects  of  the  <liphiheria  and  tetanus  toxins  may  Ije  con- 
sidered, as  these  are  by  far  the  most  ini|n>rtant  bflcteriHl  niemtwrs  of 
this  group  of  poisons.  One  feature  deserving  attention  is  theii"  great 
jioteney.  Thus  it  is  not  uncommon  to  obtain  a  tetanus  poison  which  will 
kill  a  guincA-pig  in  a  dose  of  '001  c.c,  of  tlie  fluid  filtrate.  Ehrlich  found 
with  crude  ricin  that  tlie  minimal  lethal  dose  for  a  guinea-pig  waa  "00004 
gramme  per  kilo,  of  body-weight,  and  ^t:ljor  Lamb  (I74a)  has  CAh^ulaied 
that  in  man  the  faUvl  dose  of  crude  cobnt-venora  is  probably  '015 
gramme.  Again,  these  jwisons  rather  tend  not  so  much  to  upset  the 
genend  bodily  metalwlism  as  to  produce  eftects  on  special  tissues.  It 
is  this  point  which,  in  the  fii-st  instance,  constituted  the  pro<if  that 
the  diphtheria  ami  tetanus  bacilli  acted  through  the  agency  of  extra- 
cellalar  poisons.  The  piu-eat  example  of  toxin  action  is  found  with 
tetanus  toxin.  Here,  whether  the  dose  be  great  or  small,  the  spnsro- 
proilucing  Ju;tion  of  the  toxin  is  dominant,  and  it  is  this  which  causes  the 
fatal  result.  In  guin&vpigs,  after  inoculation  and  the  lapse  of  the  incului- 
tion-jjeriod.  stiffness  and  spasms  appear,  commencing  in  the  limb  nearest 
to  the  jwint  of  inoculation,  gradually  extending  to  tin'  whole  body,  arul 
ending  in  a  fatal  spasm  of  the  glottis.  This  is  identical  vrilh  what  occurs 
in  infection  of  the  giunea-pig  with  the  bacillus  itself,  and  it  cloeely 
resembles  the  natural  diseiisc  in  man.  In  the  case  of  the  diphtheria 
toxin  the  effects  are  identical  with  those  occurring  iji  bacterial  infection, 
but  the  phenomena  pr^Hluced  have  au^ested  that  the  crude  diphtheria 
toxin  might  contain  al  le;i.st  two  jioisous  having  somewhat  ditl'erent 
actions.  If  a  com{)aratively  large  dose  of  the  to.viu  be  administered 
to  an  animal  it  will  rapiilly  become  ill,  suffering  with  a?dema  nt  the 
point  of  inocuUtion  and  with  slight  fever  and  genei-al  prostration, 
marked  especially  by  a  cardiac  debility,  which  wWl  be  the  direct  cause 
of  death.  \\'ith  a  smaller  dose  the  preliminary  signs  of  tlise^ise  will  be 
manifestt'd  in  milder  form  :  there  will  be  wime  falling  out  of  the  hair  at 
the  site  of  inoculation  and  perhaps  some  local  necrosis,  but  the  marked 
feature  will  be  delayed  for  aome  day*,  when  a  general  muscular 
|)aralysis  of  a  more  or  less  widespi'ead  character  will  supervene,  and 
the  animal  may  die  from  affection  of  the  muscles  of  respiration.  Fnoni 
the  standpoint  i»f  {withological  anatomy  there  may  often  be  little  to 
remark  in  animals  dead  from  the  effects  of  these  poisons ;  in  the 
heart-muscle  and  its  nen-es  the  changes  may  be  very  slight  in  the 
acute  illness  ;  in  the  chronic  condition  well-marked  clmnges  in  the 
peripheral  nerves  are  present.  In  acute  case«  of  ]K)isoniiig,  either 
by  diphthen'a  or  tetanus  toxins,  the  central  nen'ous  tissues  which  beai- 
tlie  brunt  of  the  disease  may  exhibit  no  change  certainly  obser^'able 
by  ordinary  microscopic  methods,  and  the  otdy  phenomenon  to  be  .seen 


may  be  tho  occuri'eiice  of  viisciitur  oongeBiion.  Sometimes  the  orgatis  of 
the  body  other  than  those  on  which  the  poisons  actually  work  shew 
tcwise  IHtIc  change.  Somt-tinies,  however,  they  exhibit  cellular 
►eiiemtiiins^  and  in  diphtheriji  Komotski  (Uj6)  hus  shewn  lliat  these 
ne^rnenttions  occur  in  the  endothelium  and  adventitia  of  vessels  all  over 
the  body.  There  muy  also  he  reactive  changes.  Both  OabritscliewBkn 
And  llcprcdka  (20)  record  leucocytosie  A8  common  iti  Iioth  natur.il  and 
experimental  diphtheritic  intoxications^  especially  when  these  are  non 
i>tml«  and  they  consider  this  important  from  a  prognostic  point  of 
new.  According  to  Trambusii  there  may  Iw;  prulifcrative  activity  in 
the  leucohUsts  of  the  bont'-manow,  and  Metchnikoft"  (233)  has  shewn 
that  a  simitar  leucocv tosisi  occurs  when  noii-f:it^t  dose^^  of  tetanus 
toxin  arc  administered.  The^e  obi^crvations  indicate  chat  the  jart 
played  by  the  boilily  tissues  in  bacterial  intoxications  is  not  merely 
paasive.  \\T)ether  the  reactive  changes  are  to  be  attnbnted  to  the  action 
of  the  special  characteristic  toxins  is  a  question  which  must  be  ret^crved. 
In  diphtheria  there  is  nearl,v  always  interference  with  ntelalRitism,  as  is 
^nlicated  by  the  presence  i>f  fevei-.  In  th»?  <itlier  bacterial  poisons  of  this 
up,  f,*r  botulismns  poison,  there  is  kvs  selective  action  and  a  more 
;nil  degenerative  effect  in  the  solid  organs.  As  Me  shall  see  later, 
vlien  dealing  with  lite  interactions  of  diphtheria  toxin  and  antitoxin, 
inveaii^tion  has  shewn  that  the  apparently  different  effects  are  really 
produced   1)y  a  group  of  allied   poisons  and   not  by  e^entiatly  diffeient 

That  toxins  of  different  kinds  may  be  present  in  crude  bacterial 
filtraUw  is  well  shown  hy  the  case  of  the  crude  tetanus  toxin.  Here 
the  predominant  element  i^^  always  the  sji;ism-producing  poisun — the 
tcunospasmin  of  Ehrlich^and  it  may  he  present  alone.  In  certain 
le  toxins,  however,  there  is  evidence  of  another  poison,  which  has  the 
:ily  of  inducing  ha.'raolysis  in  th-*  rvA  blood-corimscles  of  certain 
la.     Tltia  was  called  by  Khrlich  tetanolyHin. 

HaemoIyaiB  niay  Ijc  produced  in  a  variety  of  wa\>,  and  us  the  occurrence 
will  be  rvft.-rii-<l  tu  again  and  again  iu  uur  future  iiiH:ti»iiuni*,  wc  umy  :ipt;ak  uf 
the  pnxeap  in.  some  dftiuL  If  red  curpui»clc»  Ih*  plauHl  in  i^toloulc  udl  ^luiiuii 
thv  tiiixtoiv  will  }»reMrui  a  it-ddUh  turbid  apiiearance  from  the  ciirput^clt-^  Imiiig 
rnvrtly  euspendu*!  in  the  lluid.  MirroHr^^pically  the  ct'lk  will  undergo  im 
spparvnt  change.  If,  howevt-r,  instead  of  ealine  wlution,  diftillt:<l  walir  Iw 
pmploytsd,  in  a  few  secontls  a  iM-rfectly  clear  lia'nu>gUibin-tinte<l  llmd  re-^ultA 
31icra»*'oj*ically  the  rori>u.'H:ular  tflcnienl^  are  jurt  visilile  a«  nmiid,  tnincltueiit, 
gnvUly  swollen  UjiUes.  Thr  orciirrenw  is  usually  oxpliiint'd  by  9ujiiH:w«iiig  llwil 
th«  sibne  crmtcnt  of  (ht>  wll-juiw  has  by  iMUiwis  cauRtl  a  raj'id  aVwirption  of 
wttlif  through  ilie  rclI-niembi'Dni.%  and  that  th*;  hfem<TgloI*in  either  j>nwe-  out  Ity 
diffh^ipn  ct  it  is  liiteratc^l  by  actual  rupture  of  the  cell.  While  the  jjreatfr 
part  of  the  hji'moglohiii  \\im  paf**.'."  into  MjUuitm,  there  h  evidence  thflt  in 
OMUln  ctrenmstrtDow  the  solution  of  the  irst  of  the  [tn'tt'i'laf-uiic  coiiteui  of  th« 
liaifliulyM.'d  ci'll  i^  nui  wmplete.  Bor^let  (30)  and  Dr.  HuMano  (142}  have  aliewn 
tiia<  ua  the  addition  of  salts  to  a  Utcmolynvd  mixture  a  turbidity  may  a^aiu 


appear,  and  nit  microbcopic  examiiuition  this  is  found  to  be  due  to  «  ahrinlting 
togeilier  of  the  Mill  cxi^iing  remains  of  the  ]irntoplftsinic  network  of  tht*  relU 
The^e  rotiinaiits  niHy  ^l»l^w  evidence  of  retaining  a  oortain  amount  of  ha^nioglol'iii 
entan):Icd  in  their  j^ub'tantc.  ll  thus  apjtears  aa  if  th<f  osmotic  cajtacines  nt 
lite  tulhdflr  framework  Iiad  not  been  altoj^fther  de^^imytd.  It  is,  hovvevtr, 
douhlful  whetlier  all  tlu^  phL-nouiena  wliich  go  under  the  name  of  ka'jMoly>;is  are 
of  the  t^nie  nature.  Bordel,  aj^aking  of  tlie  case,  to  which  we  shall  have 
fre<[uitntly  to  refer,  where  a  UomJ-itcrum  jmsaesses  hiL-niolytio  i-owcr,  Alrtlt>  that 
if  *ih  be  athUtl  iti  a  aohttion  wjnlaining  bii'molyaefl  corpuscles,  the  latter  do  not 
rthrivfil  up  and  apixtar  deforiin<l,  but  i-egain  tlieir  former  round  appearance. 
From  this  he  infers  that  sueh  an  exampk*  of  hwrnolysis  is  not  due  to  ordinary 
OMUotic  plienoinena,  but  th&t  h'.-re  the  veils  have  actually  kist  their  capacity  of 
behaving  in  an  ordinary  way  1*0  far  as  osinosia  ia  oonccrued. 


The  occurrence  of  hifninlytic  ptjisona  haa  been  observed  in  bacterial 
toxins  other  than  that  of  tetanus.  Thus  Neisser  and  Wechsberg  )l'55; 
have  foun<l  such  a  toxin  in  tho  filtrates  of  buuilhui  i-ulturcs  of  sl^phy- 
I0CCU8  pyoj^enea  aureus.  .Mariuoi-ek  (21fi)  and  also  Schlusinger  (307) 
have  shewn  that  a  similar  toxin  exists  in  ciiltures  of  the  i<lrrj>tocf/ctus 
pifotffnrx,  and  similar  obaen'ations  have  been  made*  with  regjird  trj  certain 
vibrios  by  Kraus  and  Ijudwi^%  an<l  by  Madacn  and  Walbum  (200). 
These  results  may  have  a  bejiring  on  the  explanation  of  the  anaemias 
which,  as  we  have  seen,  are  so  characteristic  of  many  bacterial  infe*;tion8. 
Kefereiice  may  also  be  made  here  u>  a  j>oisou  found  by  van  dc  Velde  in 
staphylococcus  cultures,  and  still  more  markedly  in  the  fluid  of  the 
pleural  exudation  of  animals  dead  of  staph ylococ^ua  infection.  This 
poison  has  the  properties  of  killing  leucocytes  in  a  fcvr  minutes,  and  has 
K'en  named  leucocidin.  It  endently  might  play  an  important  pjirt  in 
the  pathogenetic  action  of  the  bacterium  prrHlncing  it.  The  observations 
of  henys  and  van  de  Velde  (?*i>),  that  an  antileucocidin  can  be  produce*], 
proljabiy  justifies  us  in  including  it  in  this  group  of  poisons. 

(/J)  7'lu-  Snnkc-Pomnti. — The  most  complex  *)f  all  the  crude  toxins  of 
this  group  are,  however,  mot  with  amongst  the  snako-vcnoms.  Dr.  C.  J. 
Maitin  (220)  has  suramariaei!  our  knowledge  of  the  subject  by  saying 
that  different  venoms  have  been  found  to  contain  one  or  more  of  the 
following  jxjiaons : — A  ribrin  ferment ;  a  neurotoxin,  with  in  many  cases 
asi>ecial  aflinity  for  the  cells  of  the  respiratory  centre  ;  a  neurotoxin,  with 
an  nrtinity  fur  nerve-endings  in  rau.scle,  especially  those  of  the  dia]>hragm  ; 
various  liodiea  capable  of  dissolving  cells  (cytolj'sins),  f.ff.  red  blood^jclls, 
endntheliuni  of  vessels  (cjiusing  hwmoiThages),  leucocytes,  nerve-cells,  and 
cells  of  many  other  tissues  (each  cell  being  i)robab]y  acted  on  by  a  special 
toxin) ;  an  anti-bactericidal  Ifody ;  a  body  preventing  the  action  of  fibrin 
ferment ;  a  bo<iy  causing  red  blfXMl-felU  to  adhere  in  clumps  (agglutinin^ ; 
a  proteolytic  ferment ;  a  body  causing  systolic  standstill  of  the  isolated 
heart*  Every  venom  does  not  contain  all  these  poisons,  and  the  propor- 
tions in  which  the  elements  occur  varies  very  much  in  different  snakea. 
This  largely  accounts  for  the  difference  in  effects  produced  by  the  bites  of 
different  snakes.     Xearly  all  venoms  contain  the  neurotoxic  elements, 


which  are  probably  in  ne^u'ly  all  snakes  the  most  important  poisons 
present,  and  aro  most  froi|UGntly  the  cause  of  death  in  snake-bite  (174). 
Thr  poisons  causing  thrombosis  are  also  very  importimt.  The  hemolytic 
[lOi&oiiR  are  wiilesjireail  in  their  tlistrilmlion,  though  the  amount  present 
in  iliffercnt  venoms  varies  gi*eatly.  It  has  been  shewn  by  Nowak  that 
irhcn  death  does  eiot  occur  for  some  little  time  after  snake-bite,  serious 
degcnrraiion  of  the  solid  organs  may  occnr,  of  which  the  most  chavac- 
trriatic  is  a  grave  fatty  degeneration  of  the  liver. 

For  further  information  as  to  the  actions  of  particular  venoms  the 
reader  is  referred  to  the  article  on  "  Snake-biic,"  Vol.  II.  Part  II.  Here  it 
n*ed  only  Iw  saiil  thitt  the  neurotoxic  poisons  are  prolwiUy  in  constitution 
clttrly  related  to  the  diphtheria  or  tetanus  |xiison»,  while  in  at  any  rate 
certain  of  the  ha?molyiic  poisons  a  comploxiiy  has  been  discovered  which 
will  lie  considered  under  the  subject  of  immunity  along  with  other 
Bcicntific  points  relating  to  the  nature  of  toxins.  In  conclusion,  it  may 
here  be  stated  that  many  of  the  snako-poisons  are  much  more  resistant 
it  than  the  luictenal  poisons  of  the  same  group ;  and,  ftirther,  that 
klly  .ipeaking  no  incuUttion-jKrifrfi  is  noticeMble. 
TTie  srur/'ionp'/iffins,  there  is  no  doubt,  are  members  of  the  diphtheria 
jcrnup  of  i^isons,  and  according  to  some  results  must  be  closely  allied  to 
llie  snake- venoms.  Their  properties  have  been  investigated  b^'  Dr.  W.  II. 
Wilson,  who  has  shewn  that  they  have  chemical  characteristics  similar  to 
thoee  of  the  other  toxins  imder  consideration.  Like  many  snake-poisons 
they  are  not  easily  destroyed  by  ht-ai^  ami  withstand  lx)iling  for  aome 
minut«&.  The  s^-mptoms  produced  by  their  injection  into  animals  are 
twitching,  Ucrimation,  salivation,  and  apparent  [taralysis,  terminating  in 
asphyxia.  The  elfects,  so  far  as  the  muacular  system  is  coui^rned,  aro 
jiroducefl  by  an  action  not  on  the  central  ner%'ous  mechanism^  but  on  the 
ipheral  nerve-endings  There  is  an  increase  of  excitability  tx>  direct 
uuliitioii,  and  an  increase  of  the  extent  uf  contractiun,  with  mitimatety 
apparent  pan\lysia  due  really  to  fntiguc.  In  accidental  bitos  of  mim, 
•boire  the  age  of  15,  a  fatal  issue  is  rare,  but  in  children  death  resiUte  in 
60  per  r«!Dt  of  the  cases.  The  symptoms  resemble  the  effects  nf  artiticisl 
inotuUtion.  namely,  salivation,  hallucination  a,  con\iilsions,  weak  pulse, 
gr^tually  {uissing  off  in  cases  in  which  recovery  occui-s,  or  succeeded  by 
coQMi  if  a  fatal  issue  is  threatenoti  Pr.  Wilson  found  no  evidence  that 
lupinolytic  or  fibrin-forming  fcraicnts  were  present  in  the  venom.  Im- 
munity can  be  artificially  de\clopetl  ngaiiist  the  toxiji,  and  this  appears 
In  be  accompanied  hy  antitoxin-formation.  Calmette  ((>3)  was  of  oi)inion 
that  the  9C<jrpion-]ioison8  were  closely  allied  to  the  snake-poisons  in  that 
the  lonim  of  a  rabbit  immunised  against  cobra-])oison  ])rotected  a  guinea- 
pig  against  the  fatal  effects  of  the  fonuer  toxin.  This  ]x»int  requires 
fwrthrr  investigation. 

Thus  the  snake- venoms  am!  scorpion-poisons  have  very  close  relation- 
•b»|«  with  the  specific  bacterial  poisons,  and  it  is  very  prolmble  that 
ouuiy  other  animal  poisons  present  a  similar  kinship.  It  is  stated  by 
Lkngcr  (178)  that  hee-keepcis  may  develop  immunity  against  the  sting  of 


the  bee,  and  Sacba  (299)  investigaiwl  a  hiemolytic  poison  sc|Hirated  from 
the  common  garden  spider,  £pcirn  duuienut,  and  found  tliat  an  niititoxic 
serum  can  he  developed  aguinsi  ii.  There  is  liiUc  doul>t  that  the  toxic 
hsemolytic  properties  of  the  scrum  of  the  eel,  as  doscnI)ed  by  Mosso  <iM9), 
are  traceable  to  toxins  of  thi»  jpoup.  Poiwibly  other  poisoM.*,  such  as 
those  occurring  in  fishes  and  in  the  ctiuuieoufl  secretions  of  amphibia,  urn 
of  the  same  order,  but  fuitlier  investigation  is  here  necessary. 

(y)  Vf'jduhU  T&j-iiis, — Willi  regard  to  the  vegetable  toxins,  ricin  and 
abrin,  the  interest  is  chiefly  scientitic,  though  cases  of  poisoning  from  eating 
castor-oil  beans  are  recoi-ded.  The  symptoms  produced  are  great 
intestinal  irritation,  with  eanj^uneouB  vomiting  and  diariha-a,  and  fall  of 
temperature,  and  the  local  injection  of  tlie  suUsLinces  causes  intense 
irrit^iiion.  Ehrlieh  (08)  shows  ihat  ricin  can  agglutinate  red  blood- 
coq>uscle8,  and  that  antitoxins  can  bu  [iroduced  against  Ijoth  ricin  and 
abrin. 

We  thus  see  that  there  exists  a  group  of  iKjisons  presenting  certain 
similar  characters,  of  w'hich  the  most  striking  is  the  capacity  readily  to 
stimulate  the  formation  of  antitoxins.  They  all  tend  to  have  special 
actions  on  the  l^oilynelU,  tliu  culls  of  the  nervous  system  and  of  the  bloinl 
being  the  most  sensitive  to  this  8|H?cijil  typo  of  toxin.  The  probablu  consti- 
tutions of  these  toxins  will  bo  considered  when  the  subject  of  immunity 
is  dealt  with.  No  clearer  idea  is  obtaine<l  by  s])eaking  of  them  as 
ferments,  for  nothing  is  known  alwmt  the  nature  of  ferments.  As  we 
shall  sue  Inter  for  similar  bodies,  there  is  eWdence  that  a  definite 
qiifintiiiitive  relationship  exists  between  the  amount  of  toxin  acting  and 
the  degree  uf  cfl'ect  produced. 

(b)  The  Intracellular  Toxins. — We  now  pass  to  consider  the  intra- 
cellular toxins,  or  endotoxins  vm  they  are  ttometiuies  c»IIed.  The  appli- 
cation to  pathogenetic  bacteria  generally  of  the  filtering  methods 
employed  with  the  diphtheria  bacillus,  led  to  the  discover)*  that  in  many 
cases  it  was  not  pimsiblc  to  s<>{>arnte  toxic  tiUnites  from  ordinary  lK>uillon 
cultures.  Sometimes  the  tiltrato  was  non-toxic,  sometimes  very  huge 
doses  (as  corai>ared  with  the  usual  piithogenetic  doses  of  the  extracellular 
toxins)  had  to  ha  .tdndnistered  in  onler  to  produce  an  cfl'ect.  Usually 
the  (iltnitcs  from  oM  cultures,  or  cultures  killed,  say,  at  60"  C  and 
allowed  to  macemte,  were  more  toxic  than  tiltrates  from  young  cultures. 
From  thcHc  last,  however,  more  toxic  filtrates  have  been  obtained  by  treat- 
ing them  with  ammonium  sulphate  to  saturation  before  filtration.  The 
fact  tliat  whenever  there  was  evidence  that  breaking  up  of  the  bacterial 
protoplasm  had  occuixed  there  was  an  increase  of  toxicity  of  the  filtered 
fluid,  favoured  the  conclusion  that  under  the  onlinarj'  culture  conditions 
the  endotoxins  did  mtt  readily  leave  the  iMicterial  protoplasm.  This  led 
to  the  employment  of  the  fluid  decanted  from  cultures  killeil  by  chloro- 
fomi,  or  heat  at  60  C.  in  which,  after  the  death  of  the  Uicteria,  a 
time  was  allowed  to  elapse  fi^r  the  cells  to  macerate  and  break  up  in 
the  remains  of  the  culture  medium.  In  some  instances,  in  onler  tr> 
study  the  efl'ects  of  such  toxins,  merely  tJie  bodie-s  of  the  bacteria  killed 


hy  cMoruform  or  heat  at  60  C  are  einployeil.  Vnrious  mo(lilicaii4)ii8  of 
iheM  meihods  have  hccn  used.  Thus  the  intracoUulai-  toxinR  of  the 
(ubercle  bacilhis  were  obtjtined  m  the  j>reiJiiratiiiri  of  Koch's  ori-fiim] 
tttbeicitliii  (tiiljcrculin-f))  hy  the  coticynliJiliuii  hy  evaporation  of  a 
'cerin  iKiUilloii  culture  aft<?r  the  bacilH  liad  Vnjen  kill6<l  by  boiling.  The 
>|uu-ation  was  practically  a  glycerin  extract  of  the  bacilli.  The  second 
tal^ixulin  pn;|Miratinii  (tiiberculin-K)  was  obtained  by  j»rinding  up  the 
dried  bodies  of  the  Uieilli  in  an  agate  mil],  treating  irith  distilled  water 
ami  centrifu^atifiing.  The  defx>8it  was  again  ground  up,  treated  with 
wmter,  uid  centnfugalised.  Thia  was  rejjoatcd,  and  all  the  washings 
ftxoept  the  tirat  were  mixed  and  formed  the  tuhereulin-K.  This  fluid 
thus  contained  certain  of  the  endotoxins,  and,  ncconling  to  Koch,  con 
laincd  the  elements  in  thu  bacilli  which  were  insoluble  in  gtycerin. 
Again,  the  intrucellular  toxins  of  the  typlioid  bacillus  have  been  obt-ained 
by  prinrljng  up  the  orj_'ani3niB  with  solid  air,  and  expressing  the  fluids  by 
hydrauhc  pressure  (.Macfadyen  and  Tiowlnnd  (19+)). 

To  turn  to  the  nature  and  properties  of  the  iniiacollular  toxins  wo 
ttotti  that  endotoxic  filtrates  have  been  treated  with  alcohol  or  ammonium 
sulphate,  and  toxic  precipitates  hnve  l)een  prwluced,  so  that,  as  with  the 
excntoellular  poisons,  we  are  probably  defding  either  with  proteid  bodies 
or  iriih  bodies  entangled  in  proteid.  Generally  speaking,  the  endotoxins 
*re  not  so  sensitive  to  ht»at  as  the  extracellular  poisons,  and  in  many 
atses  they  can  be  boiled  for  a  considerable  lime  without  much  injury 
(W«»ermann  (342),  Mannorek  (214)).  It  is  right  here  to  say  that  these 
•o-eaHed  etidotoxins  may  be  stdjatances  which  have  no  essential  relation- 
•hip  to  the  pathogenicity  of  a  bacterium.  This  view  was  held  by 
Hoehntir  <'^3),  who  by  treating  bacterial  cultures,  many  of  them  of  non- 
pAtbogenetic  species,  in  various  ways  extr»ete(i  from  tlit-ni  Mu))KLiitices 
which  he  called  proteins,  and  which  had  fevor-pi-od vicing  effects  similar  to 
tbow  of  the  endotoxins.  These  results  might  with  fidvantage  be  confirmed 
in  the  light  of  nuKlern  kmiwledge,  but  that  pathogenicity  need  not 
oveenarily  (»e  associated  with  the  action  of  endotoxins  is  indicated  by  Dr 
KJein's  observation  (156)  that  large  amounts  of  anthrax  and  diphtheria 
twcilli  killed  by  beat  can  be  injected  into  an  animal  without  producing 
any  effect.  It  is  prol>iibly  of  importance  to  note  that  the  cnide  toxins 
m  11,  besides  the  endotoxins  and  bodie*>  deriveil  frum  the  metlia, 

oil  i  ,  Lituenls  of  the  Imcteriul  pr<iU)phism  which,  though  n(in-lnxic, 
ret  have  aome  1»earing  on  certain  reactions  which  occur  in  the  pro- 
of inimunisation.  Those  additional  croufitituents  may  play  a  patt  in 
•timulaling  the  production  in  an  immmie  animal  of  su1*stauces  which  are 
numical  to  biictorial  life. 

The  ffrn/'rnl  jtaiholtNjiml  fP'ei^  ]irodi\cc<\  in  animals  by  the  injection  of 
tllMft  endotoxins  is  to  set  up  the  non-specific  altomtions  in  mettdxilism 
(a^.  fever,  etc.)  characteristic  of  the  action  of  the  bacteria  thfinselves. 
In  ooDtradistinction  to  what  holds  good  in  the  extracellular  toxins,  there 
is  DO  evidence  from  animal  experiment  of  the  occurrence  of  a  period 
of  incabfttion  ;    the  morbid   efl'ccts  follow   almost  immediately  on   their 


iiitrfxltiolion  ittto  the  body.  Artificml  inoctiUtion  rarely  repi-odiices  any  of 
tho  special  characters  of  an  infectious  disease  oocnmng  naturally.  Thus 
injection  of  the  toxins  of  the  //.  fifjjftosus  produces  an  acute  illness  of 
toniparatively  short  duration,  <juite  unlike  the  onlinary  natural  diseafte. 
This,  of  course,  may,  however,  be  due  to  the  difference  in  the  dosjige 
of  the  artiHcially  formed  toxin  a»  compared  with  what  hapi>enB  iu  natui'al 
infections,  A  most  important  question  ia  whether  in  any  case  these 
endotoxins  can  stimulate  the  formation  of  substances  of  the  nature  of 
antitoxins.  This  point  will  be  dealt  with  ia  the  discussion  of  the  subject 
of  immunity- 
It  is  proper  here  to  refer  to  the  special  case  of  endotoxin  action 
(tecurrin^  in  what  is  known  as  the  tuhrntUn  reiuiion.  Koch,  working 
at  tuberculosis,  observed  that  if,  into  a  guinea-pig  already  suffering  from 
a  looai  tubert-'ulosis,  x\  fresh  qtiantity  of  tubercle  l>aciUi  be  injeot«<l 
ideomtion  of  the  Krsl  lesion  takes  pla<;e  ;  if  the  tiiberctdin-0,  preiMirwl 
from  dead  biciili  as  al)Ove  indicated,  wore  nsed,  then  the  lesions  mi)^ht 
undergo  cure  after  the  occurrence  of  ulceration.  The  view  Koch  t<^>k 
of  what  happened  was  that  at  the  focus  of  tuberculous  activity  the  bacillus 
was  prorlucing  toxins  causing  slow  death  of  the  surrounding  parts.  The 
injection  of  the  tulierculin,  by  introducing  fresh  toxins  into  tlie  iinimal, 
caused  a  sudden  conccntnitioii  of  the  [>oison  at  the  sic«  of  tlie  infection,  so 
that  the  cells  alreaily  <le]iresscd  were  killed  outright,  and  being  cast  off 
by  the  tdcenitive  process,  carried  with  them  the  liWng  tul>ercle  bacilli  of 
which  the  animal  binly  was  thus  freed;  healing  could  then  take  place. 
In  human  tuberculosis,  the  injection  of  tuberculin  is  followed  in  a  few 
hours  by  malaise,  fever,  load  redness  at  the  focus  of  tuberculous  activity, 
8Uccee<3ed  by  ulceration.  This  is  the  so-called  tuberculin  react  ion, and  it  wa« 
used  for  therapeutic  pui'poses  in  hximan  tuberculosis.  While  good  results 
were  obtained  in  some  very  superficial  lesions,  such  as  in  lupns,  it  wjis  ineffi- 
cacious in  (Jthers,  and  iU  application  was  not  presse<l.  In  these  latter  cases 
isolated  tubercle  bacilli,  which  had  already  passed  into  the  siurounding 
tissues,  probobly  were  not  only  not  cast  off,  but  by  the  concentration  of 
the  poison  were  placed  under  conditions  more  advantageous  for  their 
growth.  It  is  oven  doubtful  xvhether  the  explanation  given  of  the  action 
of  the  substance  was  tho  correct  one,  for  it  wjis  shewn  by  Krehl  (171) 
and  others  that  the  tulwrculin  reaction  could  be  caused  by  tho  injection 
of  orrlinary  albumoses,  lactic  acid,  and  other  brxlies,  so  that  if  the  reac- 
tion with  tulierculin  is  caused  by  tuberculous  toxins  these  share  with 
other  substances  the  effects  they  manifest.  Moreover,  Buchnor  (51) 
elicited  a  tuln'i-culin  reaction  in  tuberculous  guinea-pigs  by  pn:>teins  derived 
from  other  bacteria,  such  ;is  the  pneumococcus  and  the  non-pathogonetic 
MirrrK'tcrtis  j'nxUfji'Vu.s,  It  cannot  be  said  that  we  are  in  a  position 
to  speak  with  confidence  as  to  the  explanation  of  the  plienomenn  of  the 
tuberculin  reaction  which  appears  in  some  \ray  to  be  boimd  up  irith  the 
olmeure  problem  of  fever.  In  another  granuloma,  namely,  glanders,  a 
reaction  of  the  same  kind  is  produced  by  an  extract  of  the  It.  malUi 
called  mallein. 
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<r>  The  Aggre&ains. — Allusion  hafi  Itet^n  made  tu  the  potwiliilit^r  ihnt 
Ittc^U-'fta  Tiiay  ]ir<jdm-v>  in  the  tiody  tuxic  buljHtaDoe»  which  they  auiiiot  i>rt>ducu 
bi  artlJicttil  cultiirtfA.  The  idea  tluit  bacterift  in  llie  )x)dy  eUloratt?  iiiateriaU 
vtudi  atr<xi;  itx  rcaiitting  cai»acitic3it  luul  lievii  mooted  by  Kni^  in  tS9G. 
PlMiently  the  tjiiestioti  luis  Ix^-n  further  investigated  by  Bail  (13;,  Weil, 
Kikuciii,  and  llukt*.  The  u^ual  tiietliud  ha«  been  to  ii^reci  an  nninml 
witb  an  organifitu  such  ns  the  typhcid  Itacilltis,  tlie  dysciiKTV  bacillus-,  tlu* 
tnbcTcIir  Ijocillus,  the  cholera  vibrio,  Uie  Stnphyl"(occns  j'Hi"jai€«,  and  after  death 
to  tiakc  the  seronf*  exuiintion  which  w  often  occni>«  in  tlie  resultiujj  diseas«:'.s  and 
^DlrifugalUe  it  free  of  cells  and  relatively  frte  of  lacteria.  To  Ihi."  fluid  Bail  and 
on-workcrs  give  the  name  of  the  aggressin  of  the  particular  baderiuui  wliich 
inat«?d  it.  Thc-y  stale  that  a  c)uaiititY  of  thih  Iluid,  whicli  by  itsolf  ia 
inopablfc  of  originating  discar^c,  will  when  injectc<t  into  an  animal  along  witli  a 
qvantiKy  of  baotvria  incrcaj*  the  pathogenetic  action  of  the  latlor.  Thius  iu  the 
taoK  of  tliC  tnljcrcle  bacjllu.-*  100  mgrnir*.  of  a  tubcrcU-  culture  killed  a  guinea- 
pig  in  16  dayi<  The  Muie  amount  with  4  cuini.  of  tul>ercle  oggruMiin  cauM*d 
fliAth  ID  from  2i  liours  to  3  rlaya.  Aix:ording  to  Bail  ttu^!^  aggi-eteiiut  act  by 
|«ralyaiDg  the  activities  of  ccdls  which  would  naturally  have  an  inimical  effect 
OB  bacterial  growth-  The  further  iuvi>tigation  of  these  liodies  will  lie  of  giv;tl 
int4mst. 

Iu  connexion  with  the  aetioti  of  Vjootcrial  poisoiib  it  ia  moat  importam 
to  remember  that  in  an_v  particular  disease  a  number  of  poisons  may  be 
at  work.  Thua  in  a  staphylococcus  infection  there  are  probably  acting 
the  intracelluUr  toxins,  a  toxin  destroying  red  blotHl-c(tr|iii8eU's,  and  a 
poison  acting  on  leucocytes.  Complex  actions  of  this  hind  are  very 
common. 


Classificatios  of  Bacteria  ACCORDiNfi  to  tkeir  Actions 

\Vc  may  now  chissify  the  best-kriowu  bacteria  according  to  the  uio<le» 

thvir  [>athogcnetic  action  and  their  distribution  in  the  lesions  they 
pfoducc. 

<ll  The  acute  infections.  Here  the  bacteria,  generally  &{)eaking, 
when  they  gain  an  entrance  into  the  body,  produce  very  manifest  and  it 
may  be  serious  elfeots,  often  in  the  course  of  a  few  hours, — always  in  a 
few  days.  The  phenomena  originated  are  usually  those  of  acute  in- 
flammatiou  and  degeneration,  either  ftxnl  or  disuse,  and,  in  the  former 
erenCi  if  the  bacteria  are  carried  in  sufficient  numbers  from  the  oiiginal 
site  to  other  part«  of  the  bcMly,  simihir  foci  of  pathological  change 
may  be  originated.  Phonomcna  of  general  degeneration  and  general 
reacttoti,  such  u  have  been  described,  may  be  set  up  either  by  the 
difluaton  of  intracelUdar  toxins  or  by  toxirus  specially  formed  by 
the  Ifacteria  in  the  bodj'.  Sometimes  an  acute  septicaemia,  with  a 
dutribation  of  bacteria  all  over  .the  liody,  occurs  either  witli  or  without  a 
prenous  local  change  at  the  site  of  inoculation. 

This   cIa84  includes    the  Sfniihijlocomis   pt/offtws   aureus,   the   Strej/to- 


ctKCvs  pyogent%  niirl  the  whole  clasa  of  organisms  aB8ociAt«d  with 
ordinary  inflammations  and  suppurations,  and  usuidly  called  the  pyogcnetie 
Ivicteria.  We  rauut,  however,  also  include  the  pneumococcus,  the  JS. 
aiiihrio-is  and  the  />,  ptati^,  and  also  tho  morhi<I  condiiiona  set  up  hy  the 
aitificial  inoculation  of  tho  typhoid  and  cholera  organisms  in  animals 
It  is  a  (jueHiion  whether  the  /»'.  tt/pln>sHg,  when  acting  under  nntuial 
conditions  in  man,  should  not  he  lookQ<]  on  as  belonging  to  this  class. 
It  certainly  sets  up  acute  loud  degeneration  and  inHammatory  changes  in 
the  intestine,  and  has  also  general  effects.  Its  action  must,  however,  be 
a  somewhat  special  one,  for  although  afttr  death  the  bacilli  arc  usually 
plentiful  in  the  8i)Iecn  and  also  in  the  liver,  there  are  no  changes  in  these 
organs  at  all  analogous  to  the  very  marked  local  ejects  j>re6ent  in  the 
intestine.  This  is  all  the  more  remarkable,  since  occasionally  there  is  no 
other  organism  present  in  the  suppumtive  foci,  for  instance  those  in 
connexion  with  bones,  which  occur  as  8e<^|uels  of  enteric  fever.  In  some 
acute  infections,  orrlinarily  local,  such  as  those  set  up  by  the  gonococcus 
and  the  VipUH'occttii  iniuicrlhtlaris  jji^nin^Uuiis^  the  organisms  may  in 
mro  cases  pass  fnjui  the  primary  lesion  into  the  bo<!y  genenilly. 

{'2)  The  chronic  infections.  The  only  difference  between  the  bacterial 
effects  here  and  those  in  the  acute  infections  is  in  the  time  which  elapses 
after  infection  liefure  tiwiuc- changes  and  general  effects  are  manifest. 
Usually  the  vasciiUir  changes  present  in  acute  inflammations  are  to  a 
lai-ge  degree  absent,  and  the  cellular  degenerations  of  a  rapid  kind,  such 
as  acute  necrosis,  karyorrlicxis,  are  rejjlaced  by  more  slowly  developing 
interferences  with  vitality,  such  as  fatty  degeneration,  hyaline  dcgeneni- 
tion,  and  so  forth.  The  reactive  changes  of  the  hn^mic  leucocytes  may 
uft«n  not  be  marked  in  the  early  stages,  whereas  the  proliferation  of 
cells  more  related  to  tho  fixed  tissues,  eg.  the  plasma-cells,  may  early 
occur ;  sometimes  an  actual  formation  of  now  connective  -  tissue 
UiVes  place.  The  typical  representittivos  of  the  chronic  infections 
are  the  so-called  infective  granulomata,  tuberculosis,  actinomycosis. 
Madiira  foot,  leprosy,  glanders.  The  chief  site  of  multiplication  of  tho 
causal  bacteria  is  in  the  lesions,  especudly  in  their  central  |»art8.  From 
the  original  site  of  infection  the  Iwictcria  may  spread  by  the  lymphatics 
or  blood-stream  and  produce  fresh  foci.  The  course  of  the  infection  can 
often  be  tmced  after  <leiith  by  the  relative  degrees  of  advance,  especially 
in  degenerative  processes  mnnifosted  in  ilifferent  foci.  In  the  chronic 
infections  genend  changes,  here  again  of  a  slowly  developing  character, 
fluoh  as  fatty  and  lardaceous,  may  occur.  The  line  of  demarcation  be- 
tween acnte  and  chronic  infections  is  artificial  In  several  cases  an  acute 
infection  may  Iw  set  up  by  an  organism  usurdly  acting  slowly.  Thus  in 
glanders  in  man,  an  infection  characterised  by  acute  inflammation  may 
occur  either  as  the  terminal  phase  of  a  chronic  cnnrlition  or  in  an  acute 
form  from  the  outset. 

(3)  The  bacterial  intoxications.  The  usually  quoted  examples  of 
these  in  man  are  diphtheria  and  tetaniu.  In  both  diseases  the  main 
effects  ar«  brought  about  by  the  absorption  from  a  focus  of  luicterial  growth 


of  ttoIubU  toxins  with  a  specilic  action.  The  nrca  of  bacterial  invasion  ia 
ctrictly  locals  and  the  micro-organisms  do  not  gain  access  to  the  body 
tzssueA  under  any  natural  conditions.  Though  the  chief  ejects  of  the 
diphtheria  liacilliis  are  due  t*^  toxic  action,  there  is  also  a  local  inflammatory 
m<iition  which  is  fundamentally  uf  an  ui-dinary  character.  To  this  diisa 
disease  cholera,  as  it  uccui-s  in  mati,  jinftwdfly  Iwlongs,  since  the 
bftCteriA  are  confined  to  the  intestine  and  appear  to  prcHlucc  their  eH'ecta 
b|y  toxic  action.  It  is  idso  prolmble  that  the  main  action  of  the  influenza 
Wcilliu  is  toxic,  though  of  course  there  is  a  local  reaction  in  the  respira- 
tory fWUHgfi^ 


III.  iMMrNirv 


Introdaetory.  —  On  investigating  the  pi-operties  of  jhithogenotic 
buoleriu  it  very  «oon  becomes  apparent  that  there  are  no  bactena  which 
in  all  circunits^ances  will  prudiice  disi.'nse  in  all  species  of  animaU  or  even 
in  all  individuals  of  a  species.  This  phenomenon  occurs  tpiite  ai>art  from 
the  vital  activity  of  the  germ.  When  an  animal  species  is  infected  with 
an  or^nism  but  does  not  develop  disease,  that  species  is  said  to  shew 
immunity  against  the  organism.  Immtiiiity  of  iinlividuals  belonging  to 
an  otherwise  susceptible  species  is  also  exhibited.  It  must  further  be 
reoogoieod  that  there  are  degrees  of  immunity,  both  in  individuals  and 
fpacies.  In  fact,  we  shall  later  have  to  consider  whether  such  a  condition 
as  an  abeohite  immunity  exists. 

It  ia  cnatomaiy  to  speak  of  immunity  as  it  is  found  in  ordinary  con- 
ditions as  natural  or  acquired.  The  idea  of  a  nafural  immunity  arises 
from  a  consideration  of  the  epizootic  incidence  of  infectious  disease. 
TbuSr  while  some  diseases  such  as  anthn^x,  glanders,  and  tuberculosis, 
affect  many  species  of  animals,  other  infections  arc  more  limiteil  in  their 
distribution.  Choleni  aiul  typhoid  fever,  fountl  in  nmn,  do  not  afl'ect  the 
lower  animals;  and  foot-and-mouth  disease  imd  fi^\'ine  fever  are  found 
among  species  of  domestic  animals,  btit  not  in  man.    Again^  the  existence 

an  (io/«im/  immunity  has  long  been  known.  Immunity  is  ordinarily 
ired  a^  the  result  of  a  susceptible  indi\idual  passing  through  an 
■itack  of  a  disease.  As  we  shall  see,  there  is  reason  to  believe  that  in 
many  cases  recovery  from  infection  dei>ends  on  an  individual  develojiing 
oertain  qualities  m  his  bo<ly  during  the  course  of  his  illtiess.  These 
i|ualitie£  determine  the  cesi^atioti  of  the  [>athogcnetic  action  of  the  bacteria 
and  also  result  in  the  death  of  these  bacteria.  Thus,  in  many  cases,  it  is 
no  doubt  tnie  that  at  the  close  of  an  illness  an  iiiflividnal  is  immime. 
The  dtaration  of  the  acipiired  immunity,  however,  jirobably  varies ; 
in  aome  cases,  a=i  in  streptococcus  infection,  pneumoniji,  influenza, 
and  in  some  individuals  in  diphtheria  and  measles,  the  immunity  is 
«hcjrt-]ive<l^  and  it  is  (|Ucstiona))Ie  whether  in  some  cases  it  may  not  be 
weeded  by  a  greater  susceptibility.     In  other  diseases,  as  scarlet  fever, 

llpox.  and   enteric   fever,  immunity  usually  endures   for  life.      In 


certain  cases  the  apparent  pei-sistceice  of  iranmnity  may  be  compUcaied 
by  the  natural  decrease  of  suscepiibility  which  occurs  in  advancing  age ; 
but  that  ihia  may  not  be  the  sole  cause  ie  sheuni  by  the  ex^wrience  that 
in  the  case  of  some  diseases,  such  jls  smallpox  anii  typliut*  fever,  an 
unprotected  individual  manifests  susceptibility  till  at  any  rate  very  kte 
in  life. 

The  interest  of  medical  science  in  the  subject  may  be  said  to  date 
from  the  intrwiuction  into  Knghind,  about  17 '20,  by  Lady  Mary  Montagu, 
of  the  practice  of  inocuhiting  healthy  indix'iduaU  with  exudations  from 
8mal][H)x  pustules.  Edward  .Tenner's  thoroughly  scientific  investigation 
in  1798  of  the  pix>tective  i>o\vcr  against  smallpox  in  man  produced  by 
a  mild  n  on -infectious  attack  of  vaccinin  forms  the  starting-]x>int  of  all 
recent  work  on  the  subject  Jetmcr's  papers  appeared  in  the  closing 
years  of  the  eighteenth  century,  but  it  was  not  till  eighty  years  later  that 
any  further  advance  was  made.  The  proof  of  the  bacterial  origin  oi 
many  infectious  conditions  cle^ired  the  way  for  more  precise  reseai'ch. 
and  it  was  Pasteur  who  noxv  broke  new  ground.  In  investigating  an 
epidemic  disease  of  fowls — knowni  ns  fowl  cholera — he  found  that  if 
animals  were  inoculated  with  attenuated  cultures  and  subsequently  with 
ordinary  cultures  they  no  longer  succumbed  to  the  disease — they  were 
immune.  This  work,  published  in  1S80,  fonns  the  starting-point  of  all 
subsefpiont  investigation. 

The  subsequent  historical  laiidrmirks  are  the  vaccination  against 
authmx,  also  discovereil  by  Pasteur,  the  jirinciple  of  which  wju* 
immunisation  by  cultui*e8  weakened  and  rendered  asporogenous  by 
growth  at  42'  C. ;  the  elaboration  by  Pasteur  of  tlie  protective  inocula- 
tion agaiuitt  the  unknown  cause  of  hydrophobia,  in  wiiich  the  virus 
existing  in  the  spinul  cord  is  attenuated  by  diying ;  and  the  introduction 
by  Behring  of  the  method  of  neuti-alislng  the  poison  of  diphtheria  by  an 
antitoxic  scrum. 

Immunity,  Active  and  Passive. — There  is  no  subject  in  medical 
science  which  presents  greater  ditticully  than  the  ]>roblem  of  immunity. 
This  is  explained  pai-tly  by  the  inherent  complexity  of  the  matters  at 
issue,  partly  by  the  lack  of  sufficient  pains  in  defining  clearly  the 
relationships  of  any  jwu-ticular  line  of  investijiution  to  genei-al  principles, 
and  partly  I)ecan9e  the  ])robleras  have  been  attacked  from  so  many  sides 
that  the  relations  of  the  particular  to  the  general  have  often  not  been 
evident.  Further  complication  has  arisen  Iwcausn  investigations  had  not 
proceeded  very  far  before  facts  with  most  important  therapeutic  applica- 
tions emerged.  It  was  found  in  certain  cases,  when  an  animal  acquired 
immunity  again.st  a  dit^ease  manifestation  by  pnasing  through  an  infection 
or  infections  with  the  causal  u^icnt,  that  the  acquisition  of  immunity  was 
associated  \vith  the  development  of  new  qualities  in  its  blowl-senim.  If 
this  senim  were  i!itro<luced  into  the  liody  of  another  susceptible  animal,  the 
Utter  shewed  a  loss  of  susceptibility  to  infection.  In  such  circumsl-uices 
the  immunity  of  the  first  animal  is  spoken  of  as  arUiv^  or  sometimes  as 
iivpiithk,  immunity,  l>eciuise  it  is  by  some  process  going  on  in  the  aniinal's 
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^wn  body  that  the  immunity  is  dcrelopoil ;  the  immunitv  in  the  secrond 

16  ualled  jKte\tiv  immunity,  because  the  animal  does  not  de]>end  for  itj> 

ili8Usoo|ili)»ilily  to  infection  on  the  activity  of  itJ^  own  tiesues.     The  theni- 

ptruttt  application  of  jtassive  immunity  lay  in  the  discovery  that  even  jifter 

infoctirin  had  taken  place  the  intfoduction  of   iserum   from   an   immune 

aaintal  may  prevent  the  fatal  conclusion  of  the  illness  which  otherwise 

mi^^hl   he  ex]»ectcd.      For  these   therapeutic  Applications  of  the  rcsidt^ 

immunity   investigations   it  was   necesKiry,   for  reasons  that  will  be 

lained  later,  U)  endow  animals  with  an  immunity  of  an   extraordinary 

■od    o\oo>sive   derive.      Study    of    the    phenomena   of   such    excessive 

immuniniitious   has  not  always  resulted  in  a  proper  ai>preciation  of  the 

true  relationships  existing  lietween  this  abnormal   immunit}'.  as  it  mi^'ht 

he  called — of  an   immunity  outside   the   personal    requirements  of    tlie 

immunised  animal — and  the  normal  immunity  such  as  pi-otects  an  animal 

for  the  whuk-  or  a  part  of  thi*  natural  term  of  its  own  life. 

The  Problems  of  Immunity. — In  connexion  with  the  essential  points 
re<)Miring  explanation  under  the  heading  of  immunity  the  following 
con*idenition.^  arise.  In  a  very  large  number  of  c;ises  in  which  bacteria 
fUD  a  footing  in  the  animal  body  and  cause  changes  in  it,  their  growth 
i?  not  unlimited  but  comes  to  an  entl ;  recovery  from  bacterial  diseane  is, 
io  fact,  a  yery  common  (fccurrence.  In  almost  no  case  does  it  hajipen 
^UpBt  when  one  bacterial  cell  gains  entrance  to  the  body  death  will 
^n>^^iu^^'y  follow^  though  wojisionally,  as  in  some  strains  of  streptococci 
olHaineil  by  Marmorek  <1'14),  ibis  appears  to  have  occurred,  r.sually 
bacteria  Hourish  in  the  bodily  tissues  for  o.  time  and  then  die.  In 
artificial  culture^^  where  the  same  phenomenon  occiu's,  a  bacterium  hardly 
crer  uses  up  all  the  available  food  material,  but  secretes  fMisons  which 
ultimately  destroy  iu  own  vitality.  If  the  filtrate  of  a  tluid  medium 
on  which  au  organism  has  l>een  allowc+1  to  grow  for  a  short  time  be 
inoculateil  with  the  wime  organism  \ery  often  no  new  gi-owth  occui's, 
Attempts  have  been  maile  by  Emmerich  and  how  (117)  to  explain  some 
of  the  phenomena  of  inmiunity  on  (lie  supposition  that  a  similar 
tiesiruciion  of  bacteria  by  their  own  products  may  occur  in  the  animal 
body.  Not  oidy,  however,  is  the  evidence  for  this  view  insufhctent,  aa 
tuu  beeu  shewn  by  Dr.  Pctrie  (269),  but  there  is  overwhelming  evidence 
that  the  rea-*ori  for  the  cessation  of  l«ict<M*ial  activity  in  the  animal  Ix)dy  is 
to  lie  found  m  the  counter-activities  of  the  tissue-cells.  The  first  prolilem 
ot  iromiinity  to  be  dealt  with  concerns  the  phenomena  of  recovery  from 
hiictenal  disease.  These  phenomena  are  exceedingly  complicated.  As 
Already  poinleil  out.  Uicteria  chiefly  act  as  disease- producing  agents  in 
yiriue  of  the  prwluction  of  poisons.  Now  it  is  evident  that  the  efl'ects 
of  bartftial  action  might  Ix*  combated  cither  by  the  Iw^ly  neutralising 
the  p<ji*ons  produced  or  by  its  killing  the  l«icteria  that  mannfacturo  these 
jtoisons.  and  thus  cutting  otl*  the  source  of  the  danger.  As  a  matter  of 
fact,  the  body  can  provide  substances  capable  of  neutralising  some  of  the 
poiKins  produced  by  biicleria.  What  relative  part  the  two  capacities 
pUy  in  recovery  in  any  particular  case  is  a  very  difficult  (iucstion,  The 
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noxt  problem  that  presents  iUelf  »  the  exj>lanatioii  of  the  fact  that  when 
an  animnl  paaaea  successfully  through  a  bacterial  attiick  it  iw'|uires 
capacity  of  partially  or  entirely  resifttiiig  future  invdsion  hy  the  barter 
involved,  so  that,  for  instance,  when  the  same  numl^r  of  bjicteria  whi 
formerly  caused  disease  are  introduced  into  its  body  no  patiiulogica] 
etr^ets  result.  As  a  subsidiary  problem  hero  we  have  to  explain  the 
mechanism  involved  when  the  serum  of  an  actively  immnnisefi  animal 
protects  another  animal  ugninst  mfection.  Finally,  wc  must  consider 
those  ca.ses  in  which  an  animal  seems  naturally  t4i  possess  a  degree  of,'' 
immunity  that  another  animal  h.-us  to  ac(|uiie,  and  also  whether  such' 
natural  immunity  is  ever  absolute.  The  main  problems  for  consideration 
therefore,  are : — 

(1)  The  phenomena  of  recovery  from  disease. 

(2)  The  phenomena  of  acquircnl  inmiunity. 

('i)  Of  active  acquired  immunity. 
(ft)  Of  luiasive  a<M|uired  immunity. 

(3)  The  phenomena  of  natural  immunity. 
Underlying  these  problems  are  the  very  important  qwcations  relatin 

to  the  essential  nature  of  Wterial  virulence  and  to  the  mechaniara 
susceptibility  to  disease. 

In  discutising  these  problems  we  shall,  first  of  all,  consider  m 
detiul  the  capacity  of  the  1>od3'  to  form  sut)fitance»  antagonistic  ti}  the 
action  of  certain  bacterial  poisons  ;  secontlly,  the  capacity  of  the  body  to 
form  substances  possessed  of  the  power  of  destroj-ing  bact^^ria  ;  and, 
lii^tly,  the  problem  of  the  relation  of  these  ca[>acitie8  to  the  actintie^  of 
bodily  cells  which  can  be  nn'croscopically  deinonstroteti.  Such  a  review 
will  cover  practically  all  the  problems  of  immunity  enunciated. 

Thk  Phenomenon  of  ANTrroxrN-FoRMATiox 

Otir  thesis  here  is  aa  follows : — In  Ow  cuse  vf  inanf/  baeUfial  jioisoRn 
if  the  itKein  Iff-  ahivtrhcd  hy  ih^  boJtf  of  an  tinimttif  itjui  if  after  ti  timf  the 
amrmil  hf  UM^  tlu  stnim  ffjtaratintj  fr&m  its  bfotxl  is  fntnut  h  hare  iUr  ^'Jipttrit^ 
of  nriitrali-iimj  the  jioison  u-Kfl,  Such  a  serum  is  called  the  antitoxin  for 
the  [larticular  toxin  under  coniiidomlion.  The  t>acterial  toxins  ag:iinst 
which  antitoxins  can  be  produced  belong  chiefly,  if  not  ontiroly,  to  the 
diphtheria  group  of  toxins,  but  the  inherent  power  of  the  animal  body 
to  produce  antitoxins  has  numerous  and  far-reaching  poHsibilitics.  Xot 
only  can  poisons  stimvdate  the  production  of  antidotes,  but  certain 
other  subsuince-s,  such  as  some  ferments,  when  injected  into  animals 
stimulate  the  pro4luction  of  serums  which  antagonise  their  action.  The 
study  of  antitoxin -pixyluction  by  the  diphtheria  group  of  Ixicterial  toxins 
constitutes  a  comparatively  simjde  pnjblem,  because  the  ]xiisons  are 
soluble  in  simple  watery  solution,  and  thus  the  investigator  can  easily 
obtain  them  apart  from  linng  bacterial  protoplasm.  We  shall  see 
reason  to  believe,  however,  that  even  their  appajcntly  purest  form  is  still 
probably  only  a  mixture  of  different  substanoes.     The  poisons  which 
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hftve  been  most  studied  arc  those  produced  Viy  the  diphtheria  aTid  tetanus 
UciUi 

Development  of  Knowledge  regrardlngr  Antitoxins. ^-M any  facts 
ling  immunity  against  .si>hil>le  k-ut*  rial  toxins  have  lont;  Iwen 
knowiu  The  pioneers  of  investigation  here  were  Fort  and  Itonomc  ( 1 24), 
jrho,  in  iSKfl,  Bliewed  that  a  poison  isolated  l>y  filtration  from  a  patho- 
~  letic  variety  of  the  Proteus  iiUgaris  (one  of  the  ordinary  pntiefactive 
itns)  produced  an  antitoxic  serum.  Thei-e  was  considerable 
Itfoversy  at  this  time  regJinling  the  method  by  which  living 
were  destroyed  in  an  animal  immunised  a^'ainst  the  action  of 
bacteria.  The  view  that  this  occuri*od  sok-ly  in  the  serum  of  the 
aaimiU  had,  as  a  further  development,  supposed  t!ie  presence  in  the  serum 
of  poisons  f.ital  to  the  life  of  the  bocLeria.  The  cividence  in  rcgiuxl  to 
this  conception  was,  however,  of  a  very  contradictory  character,  and 
Behriiigp  both  alone  (10)  and  in  conjunction  with  AVernicke  (24),  turned 
io  the  study  of  the  simpler  problem  of  how  innuuuity  arose  against  the 
drphtheria  and  tetanus  bacilli.  Behring  and  Kitasjito,  continuing 
Behring's  previous  work  on  the  actions  of  antiseptic  chemical  substances, 
(hewed  that  the  injection  of  iodine  tcrchloridc  had  a  definite  eifcct  in 
preventing  death  in  an  animal  {e.;t.  rabbit)  after  infection  with  tetanus 
tacilli  or  toxin  ;  and  Kitasato  found  that  in  »ucli  an  animal  a  totemnce 
to  the  poison  was  established — in  short,  the  animal  was  immune.  He 
further  shewed  that  if  aft«r  repe«-itcd  toxin  injections  a  little  of  the 
Mood -serum  of  the  animal  were  injected  into  a  second  animal, 
this  latter  was  protected  against  an  otherwise  fatjd  infection  with 
tetantas.  Similar  results  were  obUtiued  by  Tizzoni  and  Cattani  (324), 
And  Behring  and  Wernicke  found  that  gin'neti-pigs  infected  with  diphtheria 
faAfilli  and  treated  with  iodine  terchloride  could  by  jjioccdurus  similar 
of  Kitasato  be  rendered  immune  to  diphtheri^d  infection.  They 
iT  shewed  that  it  was  immatt^rial  wtiethur  the  animaU  were  infected 
With  cnlltires  or  toxin  and  then  treated  with  the  iodine  conipoun<l,  oi 
the  latter  was  allowed  to  act  on  the  morbific  agent  outsidt;  the  body 
previous  to  its  injeetion.  They  shewed,  also,  that  in  those  animals 
lunised  against  diphtheria  the  scrum  |>ossDfiscd  the  property  of  prolect- 
itber  uniramunised  animals  against  infeutiwn  which  otherwise  woidd 
proved  fatjd.  It  was  also  found  that  injection  of  the  serum  after 
ilatioo,  and  even  after  the  onset  of  symptoms  of  the  disease,  might 
ftTDTt  n  fatal  residt.  In  such  circumsUinces  the  longer  the  time  which 
eUpaed  between  the  infection  and  the  application  of  the  serum  the 
wu  the  dose  of  the  latter  necessary  for  a  Biiccesafiil  i^sne. 
'Ork  is  the  fotmdation  of  the  brilliant  results  obtaine<l  in  the  thera- 
peutics of  diphtheria  during  recent  years.  The  fmulamental  deduction 
made  from  the  facts  ob5e^^•ed — a  deduction  which  is  still  unshaken — is 
Uut  in  the  bloodsenim  of  an  animal  immunised  against  a  bacterial  toxin 
there  appears  a  substance  hanng  the  power  of  antagonising  the  toxin. 
The  «erum  containing  this  substance  is,  as  we  have  sjiid,  known  as  anti- 
toxin.    The  appearance  of  this  antitoxic  quality  in  an  animal's  serum  was 


Btated  by  Behring  to  be  the  cause  of  the  animal's  inununitv,  and  this  view 
is  often  put  forward.  Whether  this  is  or  is  not  jiistiHe<l  will  be  diMOUdfled 
later.  Tliere  will  not  be  any  loss  in  clearness  of  concepuoii  if  we  content 
ourselves  here  with  the  simple  assertion  that  an  antitoxic  substauct: 
appears  in  the  serum  of  an  immunised  animal.  This  antitoxic  sii1>8lan('e, 
further,  is  capable  of  neutralising  both  inside  and  outside  the  body  the 
toxin  which  caused  its  formation.  It  may  also  be  sUited  here  that  an 
antitoxin  is  only  capable  of  neutralising  the  toxin  which  stimulated  ita 
production. 

The  obtaining  of  Therapeutic  Serums. — The  fjict  that  enormous 
doses  of  antitoxin  must  often  l>e  given  haa  made  it  necessary  that  serums 
of  extmordinary  aulit-oxic  jxjwer  should  be  prepared,  iu  order  that  the 
amount  of  antitoxin  to  1>c  used  should  be  contained  in  an  amounl  ot 
serum  which  it  is  safe  to  inject.  Such  serums  are  obuined  by  the 
abnurmal  ininiunisatiotis  to  which  reference  lias  already  been  made. 
These  immuuisjitious  are  outside  the  retiuirement^  of  the  animal  im- 
munised, and  are  correlated  to  the  necessities  of  another  animal. 

An  idea  of  the  procedures  employed  can  best  be  obtained  by  the  deKhptlon 
of  the  immumsation  of  a  horse  as  given  by  Roax  (392). 

1st  clay.  Subcutaneous  injection  of  '30  cc.  diphtheria  toxin  exposeil  for  a 
short  time  to  the  action  of  '02b  cc.  Ciram's  solution  of  iorline. 

find  day.  Subcutaneous  injection  of  fi  cc.  toxin  exposed  to  -06  cc  of  iodine 
solution. 

4th,  6th,  8lh  days.  Subcutaneous  injection  of  I  cc.  toxin  exposed  to  *]  cc 
of  iodiuu  solutluu. 

17th  day.     Subcutaneous  injection  of  *2&  c,<x  crude  toxin. 

2&nd  day.  „  1  „ 

23rd  day.  „  2  „ 

25lh  day.  „  3  „ 

28th  day.  „  5  „ 

30th,  32nd,  34th  days.     Snbcntaneons  injection  of  5  cc.  crude  toxin. 

39th,  4Ut  days.  „  10  ,. 

43nl,  -iOlh,  4Stb,  60ih  days.  „  30  „ 

53nl  day.  „  60  „ 

57lh,  BSi-d,  65lh,  «7th  dayii.  „  60  „ 

72nd  day.  „  90  „ 

80th  day.  ,»  S50  „ 

The  Uf\in  used  was  such  that  I  cc  killed  s  guinea-pig  of  500  gr/immes  in 
fort}'-eight  houn>.  Thi&  horse  yielded  a  serum  of  by  no  means  great  antitoxic 
])ower  as  compored  with  others  that  liave  been  obtained. 

It  is  customary  to  use  large  animals,  sucli  as  the  horse,  in  the  im- 
munisation procedures  for  the  purposes  of  obUiining  chera|>eutie  serums,  as 
of  course  large  quantities  of  serum  can  thus  be  rcailily  obtained.  All  liors«s 
do  not  re;tct  in  the  same  way  to  toxins,  and  sometimes  animiils  are  met 
with  which,  while  tolerating  lar^  doses  of  toxin,  do  not  yield  a  highly 
antitoxic  serum.     Great  judgment  and  experieuco  are  always  reqmred  in 
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det4'rmining  the  sise  of  successive  doses  of  the  toxin.  Xot  only  may  the 
animnt  be  killed  by  too  large  i\  dose  of  toxin,  but  too  marked  a  reaction 
y  interrupt  the  course  of  the  antitoxin  developments  During  the 
mii»itinn  the  antitoxic  strength  of  the  serutn  is  testetl  hy  the 
from  lirne  to  lime  of  sniall  tiuuntities  of  blood.  When  :i 
tly  hi^h  antitoxic  value  has  been  att^tincd,  the  animal  is  bled 
to  tlie  limits  of  safety  from  the  jiigidnr  vein,  and  the  serum  is  separated 
otwier  fcseptic  prerautions.  The  aiiimal  is  allowed  a  few*  months  lo 
rKOver,  and  the  immunisation  process  may  be  repeated  again  and  aj^^in. 
The  ctiiirw  of  the  development  of  antitoxin  in  an  arnmal  during  a  periwl 
of  toxin  injection  has  been  stndifd  by  several  observers,  particularly  by 
8&lAmonden  and  Madsen  (301).  Generally  s]>eaking,  it  ninj'  be  said  that 
a  toxin  injection,  or  a  series  of  toxin  injections,  cause  in  the  course  of  a 
tew  (l*ys  A  rapid  rise  in  the  amount  of  antitoxin  in  the  serum,  which  is 
•otrecitfl  by  a  very  gradiud  fall  If  during  the  rise  a  fresh  toxin 
inj«rtion  lie  practised  there  is  often  a  isudden  drop  in  the  antitoxic  value 
of  the  senmi.  This  is  not  entirely  exphuned  l>y  Hupposing  that  the 
toxin  injected  enters  into  chemical  combination  with  the  antitoxin 
precent  in  the  blood  and  thus  caviscs  the  latt-er  to  ap|x'»r  weak  in  anti- 
toxic content ;  it  can  be  shown  by  cxiict  measurements  that  this  docs 
not  account  for  the  drop,  which  is  therefore  probably  due  to  interference 
with  the  production  of  antitoxin.  The  phenomenon  is  Kometimet>  referred 
to  at  the  occun*ence  of  a  nt'/^ftit^  phas^.  After  the  sudden  ilrop  the  anti- 
toxic value  of  the  serum  often  rises  rapidly  to  a  level  higher  than  the 
previous  maximum.  Similar  reactions  may  recur  with  successive  injec- 
tions, btit  in  any  animal  the  capiicity  for  antitoxin-production  is  limited, 
and  a  time  comes  when  fresh  injection  of  toxin  is  either  not  followed 
hy  a  rist*  in  the  aiititoxie  value  of  the  serum,  or  may  be  fitllowed  by  a 
tendency  to  a  rapid  fall.  It  is  just  before  this  point  is  i-cached  that 
the  animal  ought  to  be  Med,  and  it  is  in  the  recognition  of  the  time  at 
which  the  gi-eatest  ri>.8ult  i»  obtainable  tiiat  the  skill  of  the  immuniser 
lies.  With  regard  to  the  duration  of  an  antitoxic  value  in  the  serum  of 
ao  actively  immunised  animal,  an  important  point  has  been  raised.  It 
hu  been  st'ited  that  the  duration  is  much  longer  than  is  the  case  when 
an  anitxuil  is  merely  passively  immunised.  Bohring  (17)  is  of  opinion 
that  what  has  been  ol  "served  in  such  cases  is  explained  by  the  fact  that 
for  the  ]iaA8ive  immunisiitions  in  fpiestinn  serum  from  aimther  animal 
fpecics  has  been  employe*!.  If  horse-antitoxin  be  injected  into  a  gninea- 
pig  nr  rabbit,  the  juititoxie  value  of  the  body-Huids  of  the  latter  rapidly 
faUf,  l«2t  if  horse-antitoxin  be  injected  into  a,  horse  the  disappearance  of 
the  antitoxin  is  not  much  more  nipid  than  if  the  animal  by  active 
icniuunisution  had  attained  the  same  antititxic  value  in  its  si^rum.  It  haa 
ggcHtc*!,  partly  from  the  last  obser\'ation,  that  better  therapeutic 
in  man  might  be  obtaine*!  by  using  serum  derived  from  the 
nimnniaalion  of  a|)es,  liut  so  far  as  we  know  tbi.s  suggestion  has  not 
oj»  till  now  been  acted  on  (W//*'  Behring  and  Kitni«hima  (21)). 

Since  the  introduction   of  the  serum  treatment  for  diphtheria  and 


tetanus  comparatively  little  change  has  taken  place  in  the  technique 
employetl  in  obtjiining  the  serum.  Different  workers  have  vaiied  the 
details  of  llie  i)rocefts  of  imrnunisHtion.  Sometimes  this  has  Wen  ci^m- 
monced  by  the  injection  of  t^xin  modified  by  loiUne  lerchluride, 
8ometime3  by  the  iwltne  Rolution  use<l  by  Uoux  (292),  aometimes  no 
moditicalion  lias  been  employed,  and  small  nonlethal  doses  of  weuik  toxin 
have  been  employed  in  the  early  sU^es.  As  time  has  gone  on,  however, 
great  precision  baa  been  attained  in  the  inetisurenieTit  of  the  strength 
of  t^txins  used  and  the  antitoxins  pro<Iuced.  The  standards  are  artificial, 
for  neither  toxin  nor  antitoxin  can  be  obtainerl  in  a  i>ure  condition,  and 
thus  a  gravimetric  system  c-arinot  be  adopted.  These  substances  can 
only  be  standardised  in  terms  of  their  toxicological  or  pharmacological 
effects. 

The  Stav^ardiiatio'ti  of  Aitiitrtxim. — The  main  use  of  standardisation 
methods  is  in  relation  to  therapeutics,  but  as  they  are  necessary  for  exact 
scientific  work  they  must  be  described  here.  The  minimal  lethal  dose, 
which  hjis  already  been  rofen-erl  to  (p.  36),  is  a  fundamental  factor,  and» 
OS  we  have  iwinted  out,  it«  determination  rests  to  a  certJiin  extent  on  ;uj 
artiHciid  basis.  In  the  ciise  of  diphtheria  toxin  the  detinition  adopted  by 
Ehrlich  (lOi,  lOG,  115)  is  generally  acted  on.  The  M.L.P.  is  the 
amoimt  of  the  crude  toxin  which  will  kill  a  guine^i-pig  of  2oO  gi-ammes  on 
the  fourth  day.  In  the  wi^e  of  tetanus  a  similar  definition  \rorks  ^ery  well. 
Sometimes  it  is  reckoned  in  terras  of  white  mice,  and  then  the  umourit 
which  kills  a  mouse  in  about  five  days  is  employed.  The  strength  of  an 
antitoxin  is  me-isured  iti  terms  of  tlio  M.L.L>.  The  most  widely  adopted 
method  is  that  of  Khrlich,  who  defines  the  "immunity  unit"  aia  the 
amount  of  serum  which,  when  mixo<l  in  vitro  with  100  M.L.D.  of  toxin 
and  injected  into  a  guinea-pig  of  200  grammes,  will  prevent  death  from 
taking  place  during  the  succee<iing  four  ila}!!.  When  this  amount  of 
antitoxin  exists  in  1  c.c.  of  scrum  the  latter  is  called  a  nonnal  senim. 
In  the  case  of  diphtheria  the  injection  is  made  immediately  after  the  act 
of  mixitig,  but  in  that  of  touinus  tiie  mixture  is  left  at  37^  C.  for  three- 
quarters  of  an  hour  before  being  used.  We  shall  see  that  there  is  little 
doubt  that  the  antagonism  between  toxin  and  antitoxin  is  a  cht-mical 
one,  and  in  Ehrlich's  view  tlie  affinity  )>etwecn  the  two  sul»stances  is  much 
stronger  in  the  case  of  diphtheria  than  in  that  of  tetanus.  Bchring  (22) 
has  adopted  a  different  metliod  of  calculation,  though  the  ultimate  value 
of  an  "immunity  unit"  is  identical.  The  numerical  value  of  a  sortim  is 
expressed  by  him  in  terms  of  the  body-weight  of  the  cxjierimental  animal. 
Thus  a  serum  which,  when  injected  into  a  guinea-])ig  in  the  piviKution  of 
1  :  10,000  of  the  animal's  bwJy-weight,  protect*  it  against  the  fatal 
action  of  100  M.L.U.  is  said  to  have  a  value  of  1  :  100  >  lO.ltOO,  if.  of 
I :  l,liOO,Oi>0  ;  this  fivmboli^m  is  also  adopteil  Ity  Koux.  In  what  follows 
Ebrtich's  nomenclature  will  be  mainly  employed,  and  the  two  jjoints  here 
to  be  kept  in  view  are  the  conceptions  of  the  "minimum  lethal  dose" 
and  of  the  *' immtmity  unit."  The  tlegree  of  immuiii«ilion  obtained  in 
animals  treate<l  for  the  manufactiu'e  of  therapeutic  sera  may  be  judged  of 
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by  the  fact  that  tc  is  not  uncommon  to  have  a  serum  which  in  1  u.c. 
coriLAitis  1000  '*  immunity  niiiu."  By  far  the  greatest  amount  of  work 
done  with  regard  to  immimiiijition  againet  s{;>eci&c  toxins  hafi  been  in 
coaoexion  with  the  diphtheria  and  tetanus  toxins. 

The  Antivenenes. — The  most  extended  olwervaiions  with  regard  t«> 
other  Jiiitiloxjns  jue,  however,  those  which  deal  with  snake  iioisone. 
Here  the  cluef  workers  have  heen  Odmette  (04),  Fi-aser  (127),  C.  J. 
Martin  {220^  Lamb  (I74a,  175),  Tidswell,  Flexner  and  Noguchi  (123;. 
It  luu  be«n  found  that  the  some  general  principles  are  applicable  in  pro- 
dnciu^j;  immunity  here,  iind  the  antitoxic  principles  have  been  named  by 
Sir  T.  Kramer  "antivenenes."  Certain  special  difficuhiefi  have,  however. 
rWicoinitcrcd.  hnnninity  has  been  pi*ocluced  both  in  small  animala, 
rabbits,  and  in  large  animals,  such  as  horses,  against  a  great 
rarwty  of  snake  -  jjoisons ;  of  thes>e  the  chief  have  been  the  cobra 
^CiUm«tte,  Lamb,  Fraser),  the  rattleanake  {Fniser,  Flexner  and  Xogiichi), 
the  Australian  snake  Hophictphahu  curtvn  (Tidswell).  JHntnaiiima  (Fraser). 
In  «ome  cases  the  immunisation  has  been  commenced  %rith  small  d*>ses  of 
ii»e  vt-nom,  in  other  cjwhs  the  latter  has  been  first  weakened  by  heating, 
in  other*  the  weakening  effect  has  )>een  prorliiced  by  chemical  agents,  as 
bv  hydn*chloric  acid  (Flexner  and  Noguchi).  The  flifticuUies  in  the  way 
bf  immunisation  in  some  Kio^es  lie  in  the  complicated  composition  of 
Mtakc '  venoms,  to  which  allnsion  has  been  made  when  dealing  with 
lh«  subject  Thus,  to  take  the  rattlesnake-poison,  while  it  apj-arently 
i$  quite  easy  to  inHuence  the  neurotoxic  and  ha.*moIyiic  elements,  that 
wfaicb  produces  haemorrhage  and  necrosis  (hiPniorrhiigin)  is  dillicuU  to 
affect,  and  may  interfere  in  an  immunisation  by  making  it  impossible  to 
inject  large  dfise*  of  the  venom,  even  after  immunisation  against  the  other 
two  elements  has  been  considei-ably  manifested.  Flexner  and  Noguchi 
hare,  however,  in  this  particular  ease  overcome  the  dillicnlty  by  the  use  of 
tile  hydrochloric  acid  method.  According  to  Major  L:tmb  different  horses 
read  differently.  An  extremely  inii>ortJint  point  is  that  the  senira  never 
ittaiiia  such  a  high  order  of  potency  as  is  the  case  with  diphtheria  and 
letanils.  In  the  case  of  cobra  poison  a  strong  senun  is  one  in  which 
1  r.c.  neutnilises  the  effects  of  1  milligramme  of  the  poison.  As,  lor 
small  animals  (dog,  rabbit,  guinea-pig,  monkey),  the  M.L.D.  runs  from  a 
ijiaart*r  Ui  Imlf  a  milligrrtmme  per  kilo.,  it  is  evident  tluit  such  a  serum 
b  MtUtivoly  weak.  The  »^erunis  prepared,  however,  all  have  the  power  of 
Eff  i:  ?n  ritrti  the  {x>i3on  producing  them,  and  when  injected  into 

ar;  I    jtrevions  to  the  injection  of  the  venom,  they  jirevent  the  action 

t»i  the  Utter.  They  may  also,  if  injected  beforehand,  prevent  a  fatal  effect 
from  the  actual  bite  of  the  snake,  but  here  a  difficulty  arises  in  that, 
in  the  case  of  such  a  snake  as  the  cobra,  lui  amotmt  of  poison  many 
le*  exceeding  the  M.L.D.  may  be  ejected  from  the  poison-gland.  A 
int  of  great  interest  in  connexion  with  snake-venoms  is  this.  Is  an 
aniivencnc  prmluced  by  the  venom  of  one  snake  capable  of  neutral- 
wing  that  venom  only,  or  will  it  also  neutralise  the  venoms  of  other 
viMkeft  T     Sir  T.  Fraser  held  the  opinion,  based  on  bis  own  experiments. 


thiit  Hw  antivt'nene  wha  not  strictly  specific  towards  its  ovni  venom. 
Caltueite  has  alwHys  held  this  opinion,  and  has  recently  been  supported 
by  Koger.  On  tho  other  hand.  Dps.  C.  J.  Martin,  Tidswell,  and  Major 
Lamb  have  held  that  att  antivenenc  is  either  nljsolutcly  or  almost 
entiivly  specific.  The  evidence  is  in  favour  of  the  existence  of  a  very 
marked,  though  uot  quite  absolute  specificity.  The  essential  difficulties 
in  the  probU-ni  of  8(>ecifiuity  lie  in  the  difTiTent  com|K>sitions  of  ditrerent 
ve?ioras  already  alluded  to,  and,  further,  in  the  tact  that  the  different 
conipouent-s  produce  different  effects.  It  is  evident  that  snake -anti- 
venene  might  be  a  eorrcspondingly  complex  body,  and  taking  for 
granted  that  the  neutralisation  of  the  constituents  of  the  venoms  by 
the  constituents  of  tlie  antivenenes  h  (if  a  chemical  nature,  it  follows  that 
an  antivenene  produced  by  the  injection  of  the  venom  of  one  snake  might 
l)e  poor  in  one  or  more  constituents  reqiured  for  the  proper  neutn*lisjilion 
of  the  venom  of  another  snake.  The  problem,  however,  may  not 
be  so  simple,  and  anotht-r  possibility  must  be  fjieed,  namely,  that 
a  constituent  of  a  venom  A  which  has  toxic  ei^'ects  identical  with  a  con- 
stituent of  a  venom  B,  may  3'ei  be  only  cajiable  of  neutralisation  by  a 
constituent  of  an  antivenene  procbicofl  by  the  injection  of  venom  A.  One 
final  point  may  be  mentioned  in  re^'ard  to  these  snake-poisons,  namely, 
that  the  constiluent.s  of  venomK  which  in  their  action  in  jiriHlurin^  anti- 
toxins must  closely  resemble  such  toxins  as  those  of  diphtheria  and 
tetantitt  are  the  nutu'oto.xic  constituents — those  which  act  on  the  nervous 
syetem.  In  the  cJises  of  some  other  constituents  the  mode  of  action  is 
extremely  complex,  as  will  be  seen  later.  [Tn/c  art.  "Snake-poison  and 
Snake-bite"  in  volume  on  "Tropical  IHseases."] 

We  thus  see  that  against  several  specific  toxitis,  >toth  of  Kicterial  and 
animal  origin,  immunity  can  be  produced,  that  this  immunity  can  be 
pushed  to  very  high  degrees,  that,  with  this  development  of  immunity, 
bodies  aitta^onistic  to  the  toxins,  and  therefore  called  antitoxins,  Ay>pear 
in  the  animal's  serum,  and  that  the  antito.vic  strength  of  an  immunised 
animal's  senim  may  be  made  to  exceed  greatly  any  standard  required  for 
the  protection  of  that  animal  aj^ainst  ordinary  infection- 
Chemical  and  Physical  Properties  of  Antitoxins. — With  reganl  to 
the  chemiad  nature  of  the  antitoxic  principle  in  the  blood  nothing  is 
known.  It  can  be  precipitated  by  alcohol,  ammonium  sulphate,  and  the 
ordinary  precipitanCs  of  the  higher  proteids,  and  according  to  some  obser- 
t*ations  <Freund  and  Sternberg,  Brieger  and  Cohn)  the  antitoxins  to 
diphtheria  and  tetanu»  are  precipitable  with  the  globnlins  of  the  senim 
containing  them.  Their  molecuhu-  complexity  appears  to  l>e  of  an  order 
higher  than  that  of  the  albumoses.  The  evidence  on  which  this  view 
rests  is  a<lduced  by  I»r.  C.  J.  Martin  (218.  221).  This  oWrvor  has  used 
for  the  filtration  of  albuminous  substances  a  poi-celain  filter  with  ite  pore^ 
fiUeil  with  gelatin.  There  is  thus  formed  what  in  reality  is  a  strongly 
supported  dialysing  membrane,  an<l  through  it  albumoses  and  pe]>t<tnea 
will  pjiss,  while  the  higher  albumins  will  not  ijoss.  It  is  found  that 
antitoxins   are    retained   by  such   a    filter,  and    from    this    Dr.    Martin 
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concludes  that  their  molecules  are  larger  than  those  ot  albumosea.  This  is 
also  hornt!  out  by  th«  fact  that  toxin  is  much  muro  rapidl}'  abwrbed  from 
the  subeutaiteoas  tissues  of  an  nnimal  than  is  antitoxin.  Tiie  (|UeHtion, 
howtr^T,  haa  been  raised  whether  antitoxins  may  not  he  bodies  simply 
«A*<K-iatfxl  with  the  globulins  of  a  serum  ;  Brie^'er  and  Boer  (46)  have 
ctaUnl  that  by  means  of  zinc  sulphate  they  have  precipitiited  from  (hj^h- 
tberm  antitoxin  a  non-protei<l  substance  which  exhibited  the  antitoxic 
profperties  of  the  s«nun.  It  is  evident  that  chemistry  can  as  yet  teach  us 
Utile  concerning  the  nature  of  these  substAuces.  Certain  physical  pixi- 
may  be  mentioned.  The  antitoxic  quality  of  a  liquid  senmi  La 
iytui  by  a  short  boiling,  ami  a  more  prolonged  expoRine  to  lenipera- 
ttiT«  of  from  *;0  -70  C.  has  the  same  effect.  In  the  dry  condition  a 
serira  can  withstanrl  a  temperature  of  110  C.  for  a  quarter  of  an  hour 
iritbuut  injury.  Dry  serums  ex7K>sed  to  air  and  to  oniinary  atmospheric 
moifituic  lose  their  potency,  and  to  prevent  this  Ehrh'ch  stores  his  anti- 
toxins in  double-bulbed  tubes,  the  serum  being  placed  in  one  and 
anhytirous  phusphmic  acid  in  the  other;  the  tiilw  is  then  exhaueietl 
by  A  mercurial  pump,  sealed,  and  ko]it  in  the  dark  .  in  such  a  state 
thp  antitoxin  apparently  maintains  its  potency  unchanged  for  a  very  lon^ 
litne. 

The  Nature  of  the  Antagonism  between  Toxin  and  Antitoxin. — We 
)t  now  consider  tiie  prohable  natixre  of  the  antagonism  existing  l^etween 
antitoxin  an<l  its  correa|K)n<ling  toxin,  in  virtue  of  which  no  effecls  are 
^iroduced  when  a  mixture  of  the  two  aubstanccs  in  euitablc  proiwrtiona  is 
inject^  into  an  animal  susceptible  to  the  toxin  under  investigation. 
Evitlently  there  are  three  pcissibilities  :  in  the  tiist  place  the  antituxin 
might  lireak  up  the  toxin,  and  tlma  destroy  its  harmfiil  action  ;  secondly, 
it  might  combine  with  it  to  form  a  neutral  sit1)stance  having  no  effect  on 
ihe  tii^ues :  thirdly,  it  might  act  not  in  a  chemical  manner  such  b» 
u  entailed  in  the  first  two  possibilities  but  in  a  physiological  manner — in 
other  wonlf,  while  the  toxin  might  have  one  effect  th&  antitoxin  might 
have  »n  fipjxisite  effect,  uikI  thus  neutralise  the  toxic  action.  From  want 
«(  evidence  the  first  possibility  has  never  been  considered,  and  only  the 
second  and  third  hypotheses  have  been  discussed  in  the  light  of  available 

hKU. 

EfiJtnrr  atiffucid  /or  tfu  ^'intagonijtm  hnnfj  Ph}f}fwlo<jiail. — The  three 
exi^hments  brought  forward  in  support  of  such  a  view  taken  in 
order  of  imporliince  are  th*jse  of  Cahnette,  Burhn«-r,  and  Wiissermann. 
Caltnettd  <64a),  workHug  with  a  snake- venom,  found  that  it  could 
vithftand  without  injury  a  tenijjerature  which  destroyed  the  neutral- 
jsing  properties  of  its  antivcneno.  He  deteiiuined  the  quantity  of  the 
itivenene  which  neutralised  a  given  amount  of  venom,  so  that  when 
the  two  substances  were  injected  in  the»e  proportions  into  an  animal  no 
result  fnllowed.  He  took  »uch  a  mixttuc  neutral  in  vitro  and  heated  it 
to  the  jioint  that  would  destroy*  the  capacity  of  the  antivenene  without 
affecting  the  venom  ;  be  found  that,  on  injecting  the  mixtiue  into  an 
animal,  death  occurred  just  as  if  untreated  venom  bad  been  used.     From 


this  he  inferred  that  in  the  mixture  of  venom  and  antivenene  no  aciuul 
comhiniition  had  occurred,  that  the  two  substances  exiatenl  side  by  side, 
and  that  the  neutialisin^  action  to^k  ]ilace  within  the  body  of  the  atumnl 
into  vrbich  they  were  injected.  Omitting  the  ]>ossibIe  criticisim  that  there 
exists  in  the  toxin-antitoxin  mixtnre  a  chemically  unstJible  union  ou^iiy 
roBolvable  by  heat  with  destruction  of  one  of  the  constituents — an  occur- 
rence which  could  be  paralleled  from  known  chemical  facts — we  jjass  to  the 
eriticifim  of  iVs.  C.  J.  Maitin  and  Cherry  (i!21),  based  on  an  ami>Ufication 
of  Calmctte's  experiment.  These  obsenei's  found  that  the  longer  the 
venom  and  antivenene  were  left  in  contact  before  the  h©iting  of  the 
mixture,  the  less  evidence  was  there  that  venom  was  left  free  after 
heating,  and  at  last  a  point  ^aa  reached  wheu  the  heated  mixture  no 
longer  manifested  any  toxic  properties  whatever.  There  was  thtw 
abundant  evidence  of  an  interaction  in  ritro  l»etween  the  venom  and  the 
antivenene.  It  cannot  therefore  be  urged  that  in  reality  Calraetle's 
experiment  legitimately  carries  the  interpretation  originally  put  on  it  by 
its  author.  Xext  ^vith  regard  to  Bv.chner's  work  (oOn).  This  obscn'er 
took  i\  tetanus  toxin  of  which  0001  gramme  killed  white  mice  in  from 
two  to  three  days.  This  dose  had  little  or  no  effect  on  guinea-pigs 
averaging  344  grammes  in  weight.  Of  this  toxin  014  gramme  tras 
mixed  with  00135  gramme  of  tetaniu  antitoxin,  and  injected  into 
«ich  of  a  series  of  23  mice  and  of  23  guinea-pigs.  It  is  usually 
stated  that  the  mixture  was  neutral  for  the  mice,  but  produced  patho- 
genetic effects  on  the  guinea-pigs.  But  this  was  not  the  case,  for 
lunong  the  mice  9  only  remained  unaffected,  1 1  shewed  slight  chronic 
tetanus,  3  died;  of  the  guinea-pigs  3  remained  intact,  12  shewed 
chronic  tetanus,  and  8  died-  The  inference  originally  drawn  by 
Buchner  wiis  that  a  mixture  of  toxin  and  antitoxin,  neutral  or  nearly 
neutral,  for  one  animitl  species  was  not  necessarily  neutral  or  nearly 
neutral  for  another,  and  that  therefore  the  neutralisation-phenomenon 
was  probably  not  of  the  nature  of  an  ordinary  chemical  neutralisation. 
Wo  consider  tliat  it  is  dilhcult  to  say  whether  such  a  conclusion  is  or  is 
not  justifiod  by  the  data.  The  experiment  was  performed  before  the  use 
of  the  modt-'m  accurate  methods  of  measuring  toxic  and  antitoxic 
cafiacities  had  been  clabomted.  A  more  important  point  is  that  no 
mention  is  made  of  the  duration  of  the  expwure  in  riirt*  of  the  twi> 
antagonistic  solutions,  nor  is  it  stated  if  the  iluration  was  the  same 
in  the  two  scries  of  experiments.  In  view  of  the  fact  that,  as  we 
st4itod,  there  is  evidence  that  toxin  is  absorbed  more  easily  than  anti- 
toxin from  the  subcutaneous  tissues,  it  is  obvious  that  if  a  mixture 
containing  these  sul>stancos,  not  in  combination,  be  injccteil,  the  [wison 
get«  to  work  at  a  greater  rate  than  the  antitlote.  Again,  as  will  bo 
shewn  Uter,  even  if  a  mixture  of  the  two  subatimces  in  a  stale  of 
combination  l>e  introduced,  dissociation  might  take  place,  and  this 
woidd  probably  occur  to  a  gi-eater  extent  in  the  borly  of  a  verj-- 
susceptible  animal  than  in  one  of  less  susceptiliilitv.  The  real  meaning 
of  susceptibility  to  a  toxin  will  be  discussed  later.     The  third  exi^ri- 
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meot  on  which  the  physiologioal  Hntngonism  of  toxin  and  antitoxin  \% 
■opposed  to  rest  is  that  of  Wofiscrmann  (34Gu).  This  oljserver  states 
that  a  neutml  mixture  of  the  toxiu  of  i;.  ;»w«:w«»<-*/.k  with  its  antitoxin. 
irhrn  healed  to  100  C  an<l  injccie^I  into  a  giiincii~]iig,  proves  to  be  no 
Iftnger  neutml.  Xo  etntonicnt,  however,  is  made  regarding  the  crt'tcts  of 
chSerent  lengths  of  exposure  i"  W/ro  l>efore  the  treating,  and  it  may 
tiuthtfT  be  pointed  out  that  as  Wi^sermunn'a  eocalled  soluhlt*  toxin  18  in 
rratity  a  bouillon  euUuns  killed  by  boinij  shaken  up  with  toluol,  it 
oerUiinly  will  contain  the  bodies  of  the  Ivicteria  ami  the  poisonoutr  ]}iot«ins 
tKey  contain.  In  fact,  it  is  doul)tfnl  if  the  h.  ptjocijanntf  fonns  any  i^oluble 
toxins  of  the  nature  of  these  formed  by  the  t.  diphihcrnr  or  the  B. 
tcUxHK  There  were  evidently  sevenil  i)eculiai-  pfiints  repunling  the 
or^niam,  as,  for  instance,  the  fact  thitt  immunisation  of  the  living 
bacterium  did  not  originate  immunity  against  the  "toxin."'  and  the 
rignificrtnee  of  Wassermann's  obflervation  on  the  healing  of  the  "toxin-" 
antitoxin  nnxttires  wouhl  re^juire  further  investigation. 

£rvifiice  mhlucai  /or  the  Chemiral  Xniurc  of  the  AnUipojusm.—Jnqu'iry 
must  be  made  whether  any  evidence  exists  in  supjwrt  of  the  view 
thul  in  the  antagonism  between  toxins  and  antitoxins  a  chemical  union 
really  takes  place  between  the  two  substances.  Early  in  the  discussion 
d  the  atibjeci  Ehrlich  |)ointed  out  that  the  relations  Iwtween  the  two 
hfltances  presented  many  similarities  to  what  is  o1>servo<l  in  chemical 
iono.  Thus,  if  a  supposed  neutral  mixture  of  diphtheria  toxin  and 
intitoxin  were  exiKtsed  lo  a  higher  temperature  than  that  adopted  fur 
the  experiments  by  which  the  ncutniiisation  had  l»een  determined, 
neutralisation-j>benomena  ap]>earcd  earlier,  i.e.  the  imion  was  hastened 
liy  hesit.  There  was  «  corresi>onding  delay  with  the  application  of  cold. 
Further,  union  took  place  more  mpidly  when  the  solutions  were  strong 
than  when  they  were  weak.  There  is,  however,  other  and  more  par- 
UciUat  evidence  th.it  toxiu.s  and  antitoxins  enter  into  chemical  combina- 
Uon  with  one  another.  Allusion  has  alreJidy  l)cen  made  to  the  experi- 
mente  from  which  Drs.  C.  J.  Martin  and  Cheixy  deduce  that  the 
nntitoxin  molecule  is  of  larger  size  thnn  the  toxin  molecule,  in  that  tlie 
knor  can  puss  through  a  strongly  supporterl  gelatin  film,  while  the 
fonser  cannot.  Those  obfier\-ors.  working  with  diphtheria  toxin  and 
juititoxiti,  made  the  following  further  observations.  They  placed  in  the 
filter  a  mixture  of  the  poison  and  antipoison  some  considerable  time  after 
the  mixture  had  U'en  made,  and  applied  great  pressure  to  it  by  mean?  of 
cumprvased  eai')>onJc  acid  gas.  Anything  ])resent  that  was  cajHible  of 
fAsduig  through  the  geUtin  was  thus  placed  in  a  position  to  bo  driven 
thruiigh.  It  was  found  that  thougli  diphtheria  toxin  by  itself  could 
ouily  ptt*s  through  such  a  filter,  the  Huid  coming  through  from  a 
mixture  previously  alloweil  to  stand  for  a  time  was  not  toxic  to  animals. 
Yvm  this  it  was  deduced  that  if  sullicierit  time  W  allowed  the  diphtheria 
uixin  gradually  iw  titiv  enters  into  combination  with  the  antitoxin.  Dr.  C. 
J.  ilartiu  (219)  also  makes  a  similar  deduction  regarding  the  venene-anti- 
Yenenc  experiments  already  cited  in  connexion  w  ith  Calmette's  contention- 


But  there  is  evidence  of  another  kitid  that  the  tojcin-aiiti toxin 
neutralisation  is  based  on  a  chemical  union  )>etween  the  two  substances 
and  not  on  physiolo^cal  antagonii^nift,  in  that  the  neiitmlisatioii-phenoniona 
can  )*e  observe*!  in  circumstjinces  whoro  the  possibility  of  physiolo^cal 
action  on  the  part  of  toxin  is  excluded.  Several  escample-s  of  ^such  a 
pn>ccaa  can  be  quoted.  From  the  castor-oil  bean,  as  we  have  seen, 
a  soluble  poison  ean  be  very  readily  extracted.  By  the  ordinary 
moihfKlH  immunisation  can  be  produced  against  the  toxin,  and  there 
appears  in  the  strum  of  the  immune  animal  an  antiricin  with  the  ustud 
antiijjonistic  properties.  Ehrlich  shewetl  that  in  I'iiro  ricin  has  the  oflett 
of  causing  red  blood-corpuscles  suspended]  in  saline  solution,  in  the  pro- 
portion of  five  parts  of  bloixl  to  ninotydive  of  the  diluent,  to  l>ecorac 
massed  together  in  clumps,  which  fall  to  the  bottom  of  the  i^st-Mibe 
cont:unin;j;  them.  He  shelved  tliat  antiricin  had  the  effect  of  protecting 
corpuscles  against  the  clumping'  effect.  Here  cWdently  there  could  Ihj 
no  phj'siological  effect  pioducod.  at  legist  if  the  ordinary  \*iew  aa  to  the 
passive  character  of  the  piutopUism  of  the  reii  i^Iood-cell  be  accepted. 
Again,  Di*8.  Stephens  and  Myers  (319)  discovered  similar  facts  regarding 
the  effects  of  cobni-poison  on  red  blood -corpuscles.  As  has  been  pointed 
out,  this  venom  causes  ha*moly8is  or  the  solution  of  the  red  cells. 
These  obseners  found  that  in  litro  red  hlotsi-eorpuscles  could  be 
protect-etl  against  haemolysis  by  the  presence  of  antivenene.  Kossel 
confirmed  this  in  the  case  of  the  ha-raolytic  action  of  the  serum  of 
the  eel,  which  is  toxic  for  the  i-abliit,  and  owes  {lart  at  least  of  it« 
poisonous  action  to  the  capacity  it  possesses  of  dissolving  the  i*ed  cor- 
puscles of  the  animal.  liabbits  can  be  immunised  against  the  pni.sonons 
action,  and  here,  again,  the  wenm*  possesses  antitoxic  proi)erlies  which 
are  active,  in  that  in  rilro  they  protect  red  cells  against  the  toxin. 
These  two  cases  manifestly  stand  on  the  same  footing  as  Ehrlich's  results 
on  the  agglntinating  action  of  ricin,  in  that  cells  incajwldeof  jihysiological 
response  do  not  untlergo  a  specific  change  when  the  active  Ixxiy  is  in  the 
presence  nf  a  neutral  substance.  As  the  presence  of  a  depressing  effect 
neutralised  by  a  stinuitating  effect  is  here  out  of  the  question,  the 
de*luction  is  legitimate  that  the  antagonism  between  the  two  substances 
is  of  a  chemical  natun'.  Itnt  still  more  convincing  evidence  in  favour  of 
this  conclusion  is  found  in  certain  results  of  Kanthack  (152)  and  of 
Morgenroth  (244).  The  former,  who  indeed  was  the  first  to  bring  for- 
waiil  any  evidence  of  chemical  antagonism  in  the  toxin-antitoxin  reaction, 
shewed  that  the  power  of  cobm-venora  to  prevent  the  coagulation  of  the 
blfKMl  could  }>e  neutralised  by  cobra-antivenene.  Morgenroth  investigated 
the  phenomena  occumng  in  the  goat  when  ordinary  rennet  ferment  was 
injected  after  the  manner  of  an  immunisation.  The  goal's  seiuin  was 
found  after  a  time  to  have  the  capacity  of  preventing  curdling  of  cow's 
milk  by  rennet.  In  this  experiment  it  should  be  note<l  that  we  are  deal- 
ing with  the  action  of  a  substance  on  totally  inert  material,  namely,  the 
soluble  alliumins  of  the  milk,  and  that,  since  physiological  action  and 
reaction   are   out  of  the  question,  the   antagonism  of   the   rennet  and 
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aniironnct  mnat  l>e  chemical.  The  only  objection  that  can  apparently 
l»c  ut^»l  \&  that  toxins  may  differ  from  orflinary  digestive  fernient«. 
Bui  toxins  and  ferments  have  this  at  least  in  common,  that  they  Iwlong 
lo  the  very  a|>eci;tl  class  of  Ixxlies  agairt.n  which  .specific  antibodies  can 
be  prcidnccd  in  the  unimal  organism,  iind  it  ii*  in  the  highest  degi'ee 
probabk  that,  as  the  production  of  the  antibodies  results  from  the 
operation  of  the  same  laws,  the  same  laws  also  govern  the  antagonism 
in  the  two  cases. 

We  may  sum  up  here  by  saying  that  evidence  of  a  physiological 
tagoiiism  t>t>iweon  the  group  of  toxins  and  the  group  of  anlitoxiim  is 
nting,  and  from  what  wc  know  there  can  be  very  litilt*  doul>t  that 
neutraiifiiition  pheuomena  arc  due  to  a  chemical  reaction  between  tbo 
upfi(jsii>g  8ii1>sUinces. 

The  Ultimate  Nature  of  the  Toxin-Antitoxin  Reaction. — We  have 
4<^ii  that  the  methods  of  oi-dinary  chemistry  can  aa  yet  throw  no  light 
on  the  true  nature  either  of  toxins  or  of  antitoxins.  Thut^j  while  by 
imlircct  evidence  wc  have  arrived  at  the  conclusion  that  the  intcriictiont- 
o{  the  two  substances  are  of  a  chemical  iiatiue.  wc  cannot  look  to  the 
chemist  for  informatioti  as  to  the  real  nature  of  wiiat  tiike.s  place.  In 
these  circtimsUinces  Ehrlich  (104)  has  advanced  a  hypothesis  bjised  on 
certAin  relations  observed  between  crude  toxins*  and  ci-ude  antitoxins. 
The  essence  of  his  h\iK)theitis  is  that  certain  experimentii  with  toxin-anU- 
UAxin  mixtures  in  animals  can  best  be  explained  by  8U])posiug  that  the 
two  substances  poasoss  certain  chemical  pro[)eities.  This  method  of 
chemical  analysis  is  certainly  novel,  but  &o  cogent  are  the  arguments 
»iidaced  by  its  author  that  though  these  arguments  arc  of  a  highly 
theoretical  character,  Ehrlicli'a  views  may  be  liaid  at  present  to  dominate 
the  wholii  fit'ld  of  immunity  inquiry.  The  hyiwthe^is  touches  the 
problems  at  issue  at  many  points.  Of  these  the  chief  have  reference 
to  the  miture  of  toxins,  the  nature  of  IxHctericidal  action,  and  the 
nature  and  oiigin  of  antitoxins.  In  it.s  afiplication  to  the  nature  of  the 
toxin-aniitoxin  reaction,  the  hypothesis  involves  the  consideration  of 
certain  points  bearing  on  the  protxible  ultimate  constitution  of  the  toxin 
mol«ciile.  ' 

Tlkf  Ehrlifh  Phenoinmu)n. — AU  Ehrlich's  work  ia  based  on  his 
taiearches  with  diphtheria  toxin,  but  there  is  evidence  that  the  funda- 
mental deductions  made  are  a]>plieable  to  other  toxins  of  the  same 
kind.  His  hypothesis  starts  from,  and  in  its  development  rests  on, 
an  observed  fact,  of  the  existence  of  which  there  can  l>e  no  doubt. 
This  i*  the  so-called  "  Ehrlich  phenomenon."  This  phenomenon  may 
!•  !    in   its   simplest   form  as   follows  :^If  a   mixture    of    crude 

'i  ,  toxin  and  diphtheria  antitoxin  known  to  be  exactly  neutral 

*  W«  ihtll  uow  havt  ft-eqiieat  ocuwion  to  distisfnifflh  betwttt'a  crudr  toxin  {i.e.  the  toxic 
(Ucnt«  of  •  bouillon  bnctirriAl  culture)  niul  the  (me  fo.rin  it  contains,  aikI  to  whioli  its 
pouKmon*  properties  are  tlae.  It  may  lie  also  convenient  to  i(p4>nk  of  crude  aotitoiitt  (i'.r. 
tkc  Mfum  of  AB  iaitnune  aniiuAl)  Ait<l  K\w  true  uititoxin  whi<:U  it  contains  aud  to  which  it 
its  nfutnU'uing  actioo.  Here,  hoKtver,  lu  we  shall  find,  tu  antltheucal  phnueolog}*  li 
^ntiiil  tu  clcfsr  umlerstatidiug. 


bti  tJikeii,  and  there  be  adtled  to  it  one  minimal  lethal  doee  of  crude 
toxin,  anil  the  whole  he  then  injected  into  an  animal,  we  should 
expect  (le-'ith  to  fuilow  ;  but  this  pmcticftlly  never  occnrs.  It  will  be 
well  to  detail  the  iuvestigatioim  which  led  to  this  discovery.  In  the 
case  of  Ciich  of  a  number  of  sjimple**  of  crude  diphtheria  toxin  derivwl 
from  the  growth  of  different  races  of  diphtheria  Iwcilli,  the  following  st4.*j» 
were  Utkcn.  First  the  minimal  lethal  dose  of  the  crude  toxin  w;is  deter- 
mined. To  a  series  of  moieties  of  antidiphtheric  serum,  each  contjiining 
one  immunity  unit  (vide  p.  54),  diflVrent  and  incieasing  amounts  of  crude 
toxin  wore  added,  and  each  mixtiu'o  was  injected  into  a  gtiinea-pig. 
Following  on  these  injections  some  animals  (those  which  received 
mixtures  conudniug  the  smaller  amounts  of  crude  toxin)  remained  in 
perfect  health,  some  (those  receiving  higher  amounts)  suffered  from  the 
slighter  symptoms  of  diphtheric  ytoisoning  (r.o.  paralyses)  and  recovered, 
some  manifested  symptoms  and  died  after  an  illness  of  more  than  Hve  days 
<Iur<uion,  some  died  of  un  acute  illness  of  five  days'  duration  characterised 
by  fever,  cardiac  faibire,  imd  so  forth,  and  some  (those  which  receive<^| 
mixi\ire»  coiuaiuing  the  highesi  amouni  of  crude  toxin)  might  die  fmni 
similar  acute  effects  in  an  even  shorter  time.  In  analysing  such  a  series 
of  results  Rhrlich  directs  special  attention  to  the  composition  of  two  of  th« 
toxin-antitoxin  mixtures.  In  the  first  place  there  is  the  mixture  which,  in 
reference  to  the  rising  series  of  amounts  of  crude  toxin,  is  just  below  the 
mixture  causing  the  slightest  Rym])tom8  of  ilisease  ;  this  mixture  18  non- 
pathogenetic,  since  complete  neutralisation  of  the  toxin  by  the  antit4>xin 
has  taken  place.  In  mixtures  cotit^iining  smaller  multiples  there  is  excess 
of  antitoxin  ;  in  that  oontiiining  the  next  higher  multiple  there  is  a  flight 
amount  of  unncutndisetl  toxin,  and,  as  a  residt,  slight  symptoms  follow. 
In  such  ii  series  as  this,  this  upper  limit  of  complete  neutndisation  i» 
denominated  in  Khrlich's  tcnninulogy,  "  Limrs  null,"  or,  briefly,  I*„ — 
it  is  the  Zero  Limit,  the  limit  of  the  non-appeamnco  of  i*athogenetic 
effect.  The  second  mixture  i-equiring  special  attention  is  that  in  the 
rising  sepes  with  which  ihero  occurs  death  with  acute  symptoms  in  five 
days.  At  this  jwint  there  is  enough  of  the  toxic  principle  free  from 
tiorabination  with  the  antitoxin  to  proiluce  the  uffect  of  1  M.L.D.  of 
cnide  toxin.  In  mixtures  below  the  strength  (but  above  the  L„  [Kiint) 
there  is  enough  free  toxic  material  to  canae  symptoms,  but  not  suttioicnt 
to  catise  death  in  the  assigned  itsl-time, — a  similar  state  of  affairs,  in  fact, 
as  occurs  with  sublethal  dijses  of  crude  toxin  alone.  This  point  in  the 
series  is  denominated  by  Ehrlich  the  "  Limns  t&btlidl."  briefly  hi,  the 
limit  of  a  certiunly  fatal  tiffect  in  the  test-time.  For  a  jwirticular  toxin 
there  are  thns  these  three  points  to  be  determined,  which  are  important 
from  the  present  standpoint — First,  the  minimal  lethal  dosu  ;  secondly, 
the  amount  which  will  just  nentmliso  one  immunity  unit  of  antitoxin — 
this  gives  the  h„  value  ;  third,  the  amount  which  when  mixed  with 
one  immunity  unit,  completely  sjiturates  the  antitoxin  iiresent,  and  still 
l&ives  toxic  matter  free  in  sufficient  ipiantity  to  give  the  pathogenetic 
effect  of  1  M.L.D.     This  last  amount  gives  the  L»   value.     We  give 
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the  valnea  found  for  two  of  the  toxiiis  used  by  Ehrlich  in 
liu  ongiiuU  inquiry  : — 


ToclM  No.  7. 

T«dn  No.  10. 

L,=  l1»6gr.  1.^.  7fi*a  M.I*  I). 

M.L.D.  =  001  gr. 

I.,  =  Q  '0-Jn2  gr.  i.e.  29-2  >l.  L.  D. 

L„  =  0-0276gr.*.c.2r*5iI.L.D. 

ZXJtowM«>0*36  gr.  Cf-  31-0  M.L.D. 

/?./«r.wj  =  0'0017  gr.  t.«.  1 7  M.UD. 

A  minor  point  here,  which  is  at  once  apparent,  is  that  the  immunity 
onit  nrutnUi&es  different  mnUipIes  of  the  simple  M.L.D.  in  the  cases  of 
tJie  tWi>  luxins.  ThiA  hears  out  what  has  already  been  said  regarding 
th0  Aititicial  nature  of  the  unit ;  the  jjrobable  exjjlanalion  of  the  varia- 
Oon  will  appeal'  as  wo  proceed,  for  the  present  it  may  be  neglected. 
The  important  aspect  of  theae  examples  liea  in  the  i|ne8tioti  the}*  raise, 
nunely,  given  that  the  antagonism  between  toxin  and  antitfixin  is,  aa  we 
have  seen  reason  to  think,  of  a  chemical  nature,  is  the  union  to  be  looked 
m\  as  of  an  ontinary  simple  character,  such  as  occure  between  two 
bodie»  cajwiMe  of  entering  into  combination,  for  instance,  an  acid  and 
to  fkikali  X  If  the  luiion  were  simple,  should  we  not  expect  that  on  the 
addition  of  1  ALLD.  to  a  neutral  mixture,  death  of  the  test-animal 
WDuUI  ijccur  just  as  if  1  M.I*.i).  witliout  the  presence  of  any  toxin- 
antitoxin  mixture  were  injected  ?  In  one  caae  (toxin  7)  we  observe  that 
22  M.L.1).,  and  in  the  other  (ttixin  10)  \1  M.L.D.  had  to  be  added  to 
lie  neutral  mixture  before  death  waa  pro<luced,  and  we  may  say  that 
in  all  the  other  toxins  examined  by  Ehrlich,  similar  results  to  those 
quote*!  were  obtained  ;  in  fact,  the  ai&e  of  toxin  lu,  wliere  the  ditTeience 
between  the  L.,  and  L,  values  apprr>aehed  near  to  unity,  is  to  be  regarded 
u  fjuite  exceptional  As  to  the  existence  of  the  KhrHch  phenomenon  there 
in  no  doubt.  The  observation  has  been  confimied  by  Ur,  Bulloch  (59) 
trldng  with  diphtheria  toxin,  and  by  many  of  Ehrlich's  pupils.      With 

krd  to  the  explanation,  we  shall  first  of  all  give  EhrJioh's  own  view, 
which  is  aa  fulluws : — When  Iwicterial  toxins  are  kept  at  ix>om  temperature, 
even  if  under  toluol  and  in  the  dark,  there  is,  as  every  worker  knows, 
a  graduid  lo^s  of  toxicity.  Mere  observation  of  loss  of  toxicity  may  nob, 
however,  fully  describe  the  condition  of  the  toxin  ;  for  Khrlicli  found 
chat  A  t03dn  might  lose  toxicity  without  losing  its  capacity  of  combining 
Antitoxin.     Thus   in  one  case  a  crude  loxin  inunediKtely  after  its 

ition  had  a  M.Ll).  of  '003  grammes,  but  nine  months  hiler  the 
M-LO.  w;vs  "009  grammes.  Notwithstanding  this,  the  amount  of  toxin 
Mttinting  completely  one  immunity  unit  of  antitoxin  w:is  the  i»ime  as 
fakfore.  To  the  weakcnefi  true  toxins  Khrtich  i^ives  the  name  of  toxoids. 
Given  the  existence  of  such  bodies,  and  tjvking  into  account  that 
tll«  weakening  in    cnule  toxins   is   under   ordinary  conditions  often    a 


very  gradiiAl  proceaa,  it  is  ondontly  possible  that  crude  toxin  ma)- 
contain  the  true  toxin  in  various  forms, — may  in  fact  be  a  mixture  of 
(fubHtancea  which  thou'^h  i*ehilcd  to  ejich  other,  may  be  very  different  in 
|x>isonoiia  effecru.  Thus  crude  diplitheria-toxin  would  owe  it*  CApacil}-  of 
pi*oducing  deiith  in  four  or  five  days  only  to  the  true  toxin  it  contains  ; 
its  paralytic  ctfecta  would  be  due  to  its  toxoids.  Given  the  existence  of 
toxoids,  how  can  the  fact  of  a  crude  toxin  losing  toxicity  without  lo:§tng 
bin^iing  affinity  for  antitoxin  be  expliuned?  This  would  }ye  accounted 
for,  if  in  the  ultimate  molecular  complex  of  the  true  toxin  the  affinities 
which  are  responsible  for  combining  with  true  antiioxin  difi'eivd  ivom  the 
utiinitics  responsible  for  the  toxic  action.  This  is  what  Ehrlich  supposes 
to  i>e  the  stjite  of  aftairs,  and  he  calls  the  bindinfj;  afiinities  or  side- 
chains  the  haittojfhofom  affinities,  and  the  toxic  affinities  or  side-chains  the 
Unophoroiis  affinities.  The  toxoid  could  be  derivable  from  the  true  toxin 
if  the  toxophorous  afhiiities  Iwcame  weakened.  In  the  [jarticidai-  crude 
toxin  alluded  to,  iu  which  a  diminution  of  toxicity  was  observed,  it 
could  !»  supposed  that  no  diminution  of  capacity  to  saturate  antitoxin 
occurredj  —  that  the  toxophorous  affinities  were  affected,  wliile  the 
hapLophorous  remained  as  potent  as  foi-mcrly.  It  is,  however,  evidently 
potssiblc  tliat  both  the  haptophorous  and  toxophorous  affinities  of  the 
true  toxin  might  be  atfecle<l,  and  to  account  for  the  "  Khrlich  ])heno- 
menon  "  it  is  necesaai-y  to  sup[K)se  that  this  happens.  It  is  evident  that 
with  a  formation  of  toxoid  by  a  weakening  of  the  toxojihorous  group, 
one  of  three  (wssible  eventualities  may  occur  in  the  haptophurou*  group 
of  the  true  toxin  ;  either  it  might  have  its  potency  iiicre:u>cd,  forming 
what  Ehrlich  calls  protoxoid,  or  its  potency  might  remain  unchanged 
(syntoxoid),  or  its  pottMuy  might  be  diminished  (epitoxoid).  Suppose  a 
crude  toxin  contained  inie  toxin  and  epitoxoid,  ami  these  in  the  proj>or- 
tion  of  0: 1,  a  neutral  mixture  of  this  crude  toxin  with  antitoxin  might  lie 
represented  thus:  DO  parts  toxin-antitoxin  combination -i- l<i  epicoxoid- 
untitoxin  combination  =  physiologically  neutral  mixture.  If  to  this 
we  add  crude  toxin  containing  10  paits  true  toxin,  it  is  endent  that 
the  stronger  affinity  of  the  true  toxin  would  turn  the  epitoxoid  out 
of  the  epitoxoid-antitoxin  combination;  there  wouhl  then  be  loO  [xirt4 
toxin -antit4^)xin  comhinution  -h  10  jmrts  uncombined  epitoxoid  -^  free 
epitoxoid  derived  from  the  crude  toxin  containing  the  10  parts  true 
toxin.  The  result  of  injecting  such  a  mixture  would  correspond  to  the 
case  whore  an  animal  suft'ere  from  s\Tnptoni8  which,  if  fatal,  will  not  kill  it 
in  the  test-time.  Suppose,  however,  crude  loxin  containing  1 1  parts  of 
true  toxin  were  added  to  a  neutral  mixture,  the  condition  of  affairs 
would  now  be:  100  parts  toxin-antitoxin  combination  +  1  part  toxin 
tmcombincd -I"  1 0  epitoxoid  uncombined -t- the  free  toxoid  derive*!  from 
the  crude  toxin  conuiining  the  11  fuvrts  true  toxin.  If  the  *' 1  {jart 
toxin  uncombined"  con*esponde<t  to  the  amount  of  true  toxin  in  a 
M.L.D.,  evidently  the  animal  would  die  in  the  test-time.  This  is 
practically  what  occurs  when  the  difTerence  l>etween  the  L„  and  ihe 
Lf  values,  as  has   been    found   to   hold    good  in   all  cases  examined,  is 


greater  ilmn  I  M.L.P.  If  a  crude  toxin  contains  much  epiioxoid.  then 
the  Inie  luxin  in  the  moieties  atldod  to  n  imiitral  mixlure  turns  out  tlu* 
epitoxoM  of  the  original  crurlc  toxin  tised  for  nuikiiig  the  neutral  mixture. 
These  when  free  are  relatively  non-pathogenetic,  and  it  is  not  till  they 
•re  ftlt  turned  out,  and  in  ad<iitiun  an  amount  of  true  toxin,  eqiml  trt 
tKat  present  in  I  M.I..D.  of  the  crude  toxin,  is  left  unsaturated  with 
Antitoxin,  that  acute  futnl  effevts  are  produced.  This  capacity  of  a 
molecule  with  strong  h.Hpt<»phoroua  affinities  to  turn  a  nujlecule  vith 
v^ak  hftptophorous  atHuities  out  of  a  toxin-antitoxiu  mixture  is  the 
itaal  factor^  actordiny  to  Khrlich,  of  the  "  Khrlich  phetiomeuon. " 
are,  however,  other  points,  two  of  which  may  be  mentioned  here. 
Fint,  it  follows  from  Elirlich's  view  that  a  toxin  molecule  combined  by 
meaoa  of  its  haptophorous  atfinitius  with  an  nnlitoxin  molecule  is  inert. 
It*  toxophorous  affinities  are  proliaVily  intact,  as  is  shewn  by  the 
ooau'ience  of  slight  symptoms  when  the  less  pathogenetic  toxoid  is 
toroed  out  of  the  toxoifl-iintitoxiu  combination  bv  the  addition  of  fresh 
It  may  l»e  asked,  why  this  inertness?  This  is  ex])lained  Ity  the 
consequence  of  Khrlich's  hypothesis  which  we  shall  presently 
notice,  namely,  that  a  toxin  molecule  when  it  gains  entrance  to  tlie  aidmsl 
}^y  i*  anchored  in  the  cell  in  which  it  acts  by  means  of  the  same 
haptophorous  group  by  which  it  is  cfipaMe  of  combining  with  antitoxin, 
anl«L»  it  l»e  so  anchored  to  th(*  cellular  pruioplasm,  the  toxophorous 
ran  have  no  ett'ect  in  upsetting  the  metalolism  of  that  protoplasm^ 
>t  produce  disease  effects.  Thus  the  toxin-antitoxin  combination 
to  and  fro  freely  in  the  bodily  fluids,  and  though  it  may  contain 
erful  toxophorous  affinities,  these  cainiot  act,  Wauso  tlie  molecule 
which  they  form  a  part  i.s  firmly  anchored  Uj  another  molecule.  We 
_  ,U  Uler  inquire  on  what  evidence  such  conceptions  have  been  Ixised. 
It  will  Ik  convenient  meantime  to  deal  with  Ehrlich's  further  liews  on 
the  future  of  toxins. 

In  examining  the  Lq  and  L/  values  in  the  cute  of  a  number  of 
diphthrria  toxitis,  Khrlich  (103)  observed  that  the  toxin  units  (a  toxin 
noil  being  the  amount  of  a  simple  M.L.I),)  in  the  L,,  value  followed  an 
apparent  law  in  that  in  the  serifS  of  toxins  examined  the  tijiures  -5,  33, 
W,  and  loo  frequently  recurred;  the  luwer  of  those  figures,  it  is 
erident,  I>e.ir  very  simple  relationship.s  to  the  hijrher.  This  apjK'ared  to 
bim  to  indicate  that  the  degenemtion  of  the  crude  toxin  <lid  not  occur 
at  nuid<mi.  but  that  the  amounts  of  the  degenerated  botiies  produced 
proportional  relntionships  to  one  another.  It  may  l»e,  as  Ehrlieli 
that  the  liriginai  toxin  molecule  split*  into  two  toxoid  molecules 
-ny,  or  into  three  (trichotomy).  Thus,  if  we  inia^'ine  a  cnule 
iitain  only  two  elements,  toxin  and  epiUixoi'l,  and  to  give  ^n 
I4,  r»Jue  of  50  (if.  when  one  inununity  unit  of  antitoxin  stipjwsed  to  be 
capable  of  neutralising  100  M.L.D.  ueutmlises  50  M.L.I).  of  the  toxin 
under  conaideration),  it  is  manifest  that  the  projx)rtion  of  toxin  to  toxoid 
must  bo  1:1.  Via  have  alreadj*  {jointed  out  that  the  senim  used  by 
Efarlicb  as  the  tcst-semm  against  which  idl  toxins  are  mea.sured.  must 
VOU  n.— PT.  I  F 


orii^itnilly  have  l>efn  chosen  somewhat  at  mndom.  Thiit  its  originHt 
supposed  iioutralising  value  (100  M.L.D.)  could  nut  l>e  tAken  as  absolute, 
\VTxa  shewn  by  Khrh'ch'3  later  resultij,  when  such  ditlVrent  values  for  L, 
were  obtained.  Tjildug  for  Lri-jiiUe<l  that  the  i-ecurreiice  of  ti^urea  in  the 
L,,  values  heaving  such  simple  proportions  to  each  other  as  "2^^  33,  50, 
100,  really  indicated  that  of  the  original  true  toxin  as  produced  by  the 
bacilli,  three-quarterfl  or  two-thii-ds  or  a  half  had  undergone  in  a  definite 
time  a  particulai'  degeneration,  it  is  evident  that  the  number  of  true 
toxin  units  originally  represented  in  the  crude  toxin  coulii  not  have 
been  icsa  than  1 00,  na  that  is  the  legist  common  multiple  of  the 
true  toxin  units  remaining  in  the  examples  of  degenerated  toxin  ex 
amined.  In  fact  it  was  proVwbly  more,  as  L„  values  of  slightly  over  lUO 
were  observed.  If  it  were  over  100,  the  probability,— from  the  simplicity 
of  the  proportions^ — was  that  it  was  a  multiple  of  1 00.  Turning  from  the 
consideratimi  of  the  I^,  values  observeil,  tlie  L,  vahies  demand  even  more 
consideration  from  the  point  uf  view  of  an  attempt  to  arrive  at  an  idea 
of  the  number  of  binding  altinities  in  the  immunity  unit.  If,  us  has 
already  been  pointed  out,  we  had  to  deal  with  an  absohitely  pure  poison, 
i.(.  one  containing  no  degenerated  toxin  but  only  true  toxin,  the 
difference  between  the  L„  and  I^j  vahies  would  be  1  M.K.1).  Such  a 
crude  toxin  has  never  been  observe*], — the  difference,  as  we  hav«  seen, 
hjis  always  been  grwiter  than  unity.  With  reganl  to  the  number  of 
simple  M.L.1>.  in  the  \j,  values  Ehrlich  has  observed  a  value  of  133,  and 
Madscn  one  of  1  fiO.  Thus,  there  never  has  been  obsened  a  toxin  where 
iho  Lf  value  did  not  contain  considerably  less  than  200  M.L.D.  As  we 
have  seen,  the  expression  of  the  number  of  the  binding  ei^uivalents  of 
tnie  toxin  units  must  be  over  100,  and  proluibly  is  a  multiple  of  100,  so 
that  in  the  meantime  200  may  be  taken  as  the  jwssible  expression  of  the 
binding  equivalents  present  in  one  immunity  unit.  This  means  that  in 
the  amount  of  crude  toxin  capable  of  neutralising  one  immunity  unit  of 
the  test-scrum  there  ace  at  least  200  binding  affinities,  i.r,  if  pure  toxin 
could  be  obtained  one  of  Khrlich's  imnmnity  units  would  neutralise  200 
M.L.I).  The  cfpiivalent  of  a  simple  binding  group  is  that  portion  of 
true  toxin  which  contains  a  simple  M.L.P.  for  a  guinea-pii;  of  250 
grammes  ;  but  in  relation  to  antitoxin  such  an  equivalent  may  be 
repi'esenced  by  the  less  poisonous  constituents  of  the  cnide  poison.  In 
the  dose  present  in  a  mixture  of  I.0  value,  the  number  200  represents 
the  sum  of  the  binding  itHinities  of  toxin  and  toxoid.  Having  arrived 
at  the  figure  200  as  expressing  the  numl>er  of  binding  affinities  probably 
present  in  the  toxin  of  the  U,  mixture,  Ehrlich  proceeded  to  study  the 
effecla  of  taking  lui  amount  of  toxin  and  only  jwrtially  saturating  it 
with  antitoxin  ;  in  otht-r  words,  having  determintMl  the  L,^  and  I.,  values 
of  a  toxin  a  number  of  either  the  one  or  the  other  \*alues  were  tiikeii,  and 
ft  fraction  of  an  immunity  unit  of  serum  being  added  to  each,  the  pro- 
perties of  the  imaatnrated  udxtures  were  studied  by  investigating  what 
fraction  of  such  a  mixture  was  a  M.L.D.  In  one  particubir  toxin  Ehrlich 
found  the   M.L.D.   to  bo   "024  c.c   and  the  U  dose   2-05  cc.,  Le,   85 
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M^L.l>.  If  now  ;i  mixture  contAming  the  L,  tlose  and  X^^  of  an 
inununity  unit  of  antitoxin  were  luutU*  tip,  it  was  ftjurtd  t}i;il  thib  was 
tfficietit  to  kill  3A  guincji-pigs,  one  containing  Agg  could  kill  10 
limaia,  und  one  containinji;  .f^Q  could  kill  60;  thjtt  is  to  say,  the  150 
landing  units  iinsatiu^t-ed  in  the  laiit  case  could  kill  GO  nniniak,  juid  thus 
the  50  satomtefl  may  be  taken  .is  capahle  of  Idllirig  25  (the  difference 
between  GO  and  the  full  value  of  the  L,  dose,  namely,  85).  In  this  liutt 
part  of  the  toxin  which  shews  ^'reate;*t  aHinity  for  antitoxin  it  is  evident 
thmt  each  Kinding  eqiiivident  represents  only  hmlf  a  toxic  equivalent. 
Ebrheh  vould  explain  this  by  sTippo»in^'  tliat  it  congii^ted  of  espial  ]>arts 
*4  ft  toxin  and  of  a  toxoid,  each  of  which  had  equal  affinity  for  antitoxin. 
In  this  toxin  aa  a  whole  the  gi'eater  [>art  must  have  been  built  on  the 
for  the  next  110  binding  affinities  en nrsiio ruled  to  50  toxic 
,  if.  nearly  one-half  toxin  and  one-half  toxoid  ;  the  next  20 
fng  units,  however,  corre«porided  only  to  'U  l^xic  units,  ir.  rou^Hily 
there  mufit  have  been  one  pari  of  a  loxin  and  two  purt-s  of  a  toxoid — 
Koth  having,  of  course,  less  binding  affinity  for  antitoxin  tbiri  the 
pmiuiis.  Ehrlich,  generally  speaking,  classifieB  the  diflert'nl  elements 
of  a  crude  toxin  aocoixJing  to  their  afKnity  for  antitoxin  :  first  thotie  with 
greatest  affinity,  the  prot<^»toxins,  with  their  corresi>onding  eubstancea 
with  oqtially  great  affinity  but  less  toxicity,  the  prototoxoids  ;  next  those 
with  leas  affinity  but  with  still  ixjwerful  toxicity,  the  denlerotoxins 
^sometimes  called  niesotoxins),  which  also  have  corresponding  dcutero- 
toxoifls ;  next  the  tritotoxin.s  and  tritotoxoids.     According  to  Khrlich's 

leral    nomenclature,    they    would    all    be    syntoxins   and    syntoxoids. 

tt  there  iwc  also  the  iK>i5ons  with  haptophorous  affinities,  weaker  than 
ly   true   loxin    haptophores,   and    also  weakened   toxophores.      These 

akencil  bodies  correspond  to  the  epiloxoiils,  and  Ehrlich  now  pi-efern 
tn  call  them  toxons.  He  has  found  evidence  of  these  in  very  young 
diphtberi;!  cultiu'es,  and  inclines  to  the  belief  that  they  are  actually 
forminl  by  the  luicilli  without  going  through  a  previous  raoro  highly 
Uudc  stage.  Theae  toxoids  might  be  called  pnmary  toxons.  But,  us 
fau  already  been  stated,  he  atti-ibutes  the  weakening  obsenetl  in  crude 
tazina  when  they  are  kept  under  onlinary  conditions  to  the  develop- 
ment from  toxins  of  toxoids  which  might  1>e  called  seeondary 
toxon«. 

From  analyses  of  crude  toxins  l>y  the  partial  saturation  method  at 
different  periods  after  tiltnition,  Ehrlich  considei-s  that  in  many  cases  the 
proto-,  deutero-,  find  trito-toxin  moieties  degenerate  into  coiTcsponding 
toxoids  or  into  lower  toxoids  {i.f.  bodies  with  not  ordy  weaker  toxophorous 
tint  weaker  haptophorous  affinities)  in  definite  proportions  in  a  given  time. 
Thus  in  the  case  of  the  proto-  and  deutero-loxin,  present  in  a  fresh  bouillon 
filimte,  degeneration  may  occur  very  rapidly  in  half  of  the  amount  present^ 
•  bile  the  other  half  may  persist  ruichangod  for  a  long  period  ;  there  is 
*otne  evidence  of  similar  changes  occurring  in  trito-l^ixin  (thcKe  Ehrlich 
«fieh  refers  to  as  the  hemitoxin  of  the  corresponding  toxin, ^ — be  it 
pnHO',   deutei-o-,   or   trito).      Such   occurrences  would  serve  to  explain 


the  oW'rvatiun  that  aftor  titration  the  toxic  iK>wer  of  a  crudf  loxiii  muy 
rapidly  decrease ;  but  after  a  lime  tliis  degenerative  process  muy  come  to 
un  end  and  the  toxicity  remain  nearly  couistaut  for  u  long  period.  Tu 
represent  graphically  the  comiiosition  of  crude  toxins  KhrHch  introduced 
the  method  of  plotting,  the  result  of  which  he  culled  toxin  spectra : 
in  these  the  binding  affinities  are  represented  on  the  horizontal  Une 
(abscissa)  and  the  pro[}oi'lion  of  the  toxicity  present  to  the  absolute 
toxicity  on  the  vertical  ordinate ;  an  example  is  found  in  Chart  3. 

Sucb  in  brief  outline  is  the  conception  which  Ehrlich  has  formed  of 
the  ultimate  nature  of  the  toxic  action  of  crude  diphtheria  toxin.  That 
substance,  under  the  conditions  which  oixliiiarily  obtiiin,  does  not  owe  its 
toxicity  to  one  substance,  but  Uj  a  number  of  toxic  agents,  thouj^h  these 
probably'  are  all  derived  from  one  product  of  the  bacteml  protoplasm,  or 
arc  all  built  up  in  that  protoplasm  on  the  same  phin.  As  these  a^cnUs 
pass  into  the  Huids  in  which  the  diphtheria  l>acilli  are  growing,  whether 
that  fluid  be  within  or  without  the  animal  lx>dy,  they  are  present  in 
two  chief  forms,  a  powerful  form — true  toxin — causing  acute  symptoms, 
expressed  locally  in  u'denia  generally,  in  fever  arni  cardiac  weakness, 
and  a  weaker  form — toxon — cjiusing  after  an  inteiTal  of  time  the 
paralyses  common  in  the  disease  as  it  occurs  in  nature.  JSubsequentlv, 
at  least  in  onlinary  bacterial  filtrates,  the  toxitis  degenerate  inlo  sub- 
stances at  present  indistinguishable  from  toxons.  Fui-ther,  according  to 
the  hypothesis,  the  affinities  in  the  different  toxins  through  which  the  com- 
bination \vith  antitoxiu  is  effected  differ  from  the  affinities  which 
the  essentially  toxic  action.  It  is  evident  that,  us  has  been 
remarked,  the  methofi  by  whioh  eertfiin  purely  chemical  properties  in 
substances  are  deduced  from  their  toxicological  action  is  a  novel  one, 
though  in  the  circumstances  it  is  the  only  one,  seeing  th;it  present 
chemical  methods  are  inadequate  for  obtaining  pure  samples  of  the 
substances  under  investigation, 

i'fitkism  of  Ehrlkh'A  firtts  hi/  -Vcr/wwiw^  and  Madsen. — It  is  thus  not 
surprising  that  the  hypothesis  should  have  been  criticised,  or  rather  that 
other  intei-prelations  of  the  facts  observed  should  ha^c  been  advanced. 
Of  thu  invustigaturs  who  liavc  done  this  the  most  notable  are  Madseu 
(197)  and  Arrhenius  (10).  These  observers  have  worked  in  conjunction, 
the  former  approjiching  the  questions  from  the  pathological  standpoint 
and  the  latter  from  that  of  physical  chemistry.  Madseu  (196)  pub- 
lished, in  1899,  the  result  of  work  in  Ehrlich  s  laboratory  on  the  poison 
tetanotysin.  Thi^  substunce  has  been  alluded  to  as  occurring  iu  some 
samples  of  cnide  tetanus  toxin.  It  has  the  capacity  of  hifmolysing  red 
blood-corpuscles,  especially  those  of  the  horse  a.nd  rabbit.  When  it 
has  been  present  in  a  crude  tetanus  toxin  used  for  immunising  a  horse, 
an  antitetanolysin  is  develojietl.  This  appears  in  the  animal's  scrum. 
ami  ha.s  the  capacity  of  protecting  susceptible  red  blot^-cor()uscles 
agiiiuKt  the  hu'molysing  effects  of  the  tetjinolysin.  The  interactions 
of  the  two  opiwsing  bodies  can  be  studied  by  means  of  test-tube  experi- 
ments.     AU    that  is  required  is  to  mix   appropriate   amounts    of  tho 
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tvu  sabnlancea,  to  leave  them   together,  and   then  test  the  amoniiL  of 

inwactioii  during  a  gi\'cn  time  by  adding  a  suspension  of  red  blood- 

MqnBciirs  and  noting  whether  or  no  haemolysis  occurs.    The  facility  MitU 

wHifh  this  ran  he  (lone  as  cornpRreil  with  the  laborious  and  *^xlciirlcd 

-  requiicl  when,  iis  with  dipbihcria  toxin,  an  animid's  Iwdy 

il  of  exj»eriment,  lujikes  it  e.*wy  to  accumulate   very  extensive 

'•I    in  an  exlrt'inoly  sburt  time.      In  unu  of  his  earlier  piipers  KhrUch 

*li  ./f  4<Jiuitt«d  that  it  \ras  impracticable  in  making  up  .1  spectrum  to  test 

tic  effect  of  adding  to  the  L,  <iose  every  two-hundredth  fraction  of  an 

inriiiiiiry  unit.     \Vith  the  amount  of  tetanolysin  necessary  for  complete 

I  •  rribsation  of  a  given  amount, — ^arbitrary,  of  couTse,^of  antitetanolysin, 

- 1  h  IcLctionid  iiivestigiitiun  w.'i«  rjuite  ftasy.     If,  in  the  case  of  tetiinolyain, 

("cUuUi  of  the  neutralising  body  differing  by  large  amounts  were  used, 

if.  if  a  procedure  were  adopted  similar  to  that  usual  with  diplitheria 

ctrenigaiioni},  results  comparable  with  tho»e  foutid  with  diphtheria  toxin 

•Te  obtaincfl ;  thus  if  xV  of  the  total  neutralising  umonnt  was  added, 

' '  i  the  totid  hitmolytic  jwwer  was  removed,  the  next  f  removed  %  of 

:,- luUl  hipmolylic  ]>ower,  and  the   following  \  removed  -^  of  the  toL'il 

t'lvicity.     Ky  such  obscn'atioiis  it  was  possible  to  construct  a  spectrum 

"li'.wiiig    proto-,    dcutero-,     and     trito  -  toxin    zones  just    as    exist    in 

^licb's  conception  of  the  constitution  of  the  crude  diphtheria  })oisoti. 

But  if   to  the  moieties  of   the  tetAuolysin   there  were   a<ldcd  moieties 

of  ilic  rtutitetanolygin  differing  from  each  other  by  verj'  small  increments, 

thi!    neutrali«;ition    could     Iw?    represented    t>y    a    \ory    regidai-    curve 

»itJif>ut  the  sudden  drops  which  occur  in  Ehrlich's  spectra,  and  which 

are  interpreted  by  him  as  indicating  the  termination  of  the  saturation 

of  one  component  and  the  commencement  of  the  satunitioii  of  another. 

Huiog    tbeir   argument   on    the   gradual    nature  of   the    neutralisation 

of  tiie   tetinolysin   Arrhenius  and    Madsen  compare   what  i^ikes    place 

with    what     occurs    in    the    netUralisation    of    an    alkali     by    an    acid. 

This    rnmparison    was    facilitated    by    the    knowledge    that    alkalis    are 

hii-molytic  agents.     This  had  been  observed  by  I>finyBz,  and  had  been 

employed  by  him  as  the  basis  for  a  criticism  of  Ehrlich's  views  simitar  lo 

of    Arrhenias  and  Ma<l&en.      These  obsoirers,  however,   extended 

rtpplicition.      They  draw  attention  to  the   effect  on  the  hiemolytic 

MClion    of    1    c.c.    of   ammonia   in    normal    solution    of    adding    normal 

hyiirochloric  acid  in  vai-png  fractions;.     They  point  out  that  the  addition 

of  25  c.c.  of  this  acid  removes  one-*|u:irter  of  the  hemolytic  action  of  the 

hue,   '5  c.c   one-half,  and     75  c.c.  three-<|Uftrters.      The  antiha^molytie 

Action  of  the  acid  is  thus  directly  proportional  to  its  amount.     On  the 

r  bund,  a  different  result  is  obtained  if,  instead  nf  nsing  a  puwerful 

,  a  wejik  acid,  boracic  acid,  is  employed  as  the  "antitoxin."       Here 

1  cc.  normal  acid  neutralises  only  50  per  cent  of  the  ammonia,  2  c.c.  60 

per  cMit,  4   c.c.  f*n  per  cent,   and   in  fad  neutraliifatiou  is  never  really 

complete.     Applying  Ehrlich's  deductions,  Arrhenius  and  Madsen  say: 

**  In  other  terms  ammonia  is  not  a  simple  body,  but  consists  of  several 

comf>oncntd    uf   different   toxicity   (and    these    toxicities   are    in    simple 
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reciprocal  proportions).  Of  tliese  cnnipoiinds  the  toxiu  with  the  greau-^l 
chemicftl  affinity  ia  first  iieutialised."  They  put  a  ditlercnt  interpretation 
on  their  ol>sprvationR.  Acco7*<iing  to  the  concei)iioiiR  of  modern  physical 
chemislr}',  the  strength  of  an  aci<l  or  a  base  ilepenrU  on  the  ready 
electrolytic  dissociation  of  the  hyiirogen  or  hydrox)!  (OH)  ions  which 
their  raolecuJes  contain.  \\\  the  case  of  the  union  of  hydrochloric  acid 
and  caustic  soda  electrolytic  dissociation  is  ready,  and  almost  wherever 
the  bodies  are  brought  togethvr  the  neiitml  salt  XaCl  is  fonucd  and 
no  free  H  or  OH  ions  remain.  In  the  case  of  weak  acids  or  bows, 
such  as  lioracic  acid  and  ammonia,  ilissociation  is  \vi»ik,  and  thtis  certain 
molecules  of  the  two  bodies  mav  remain  in  contact  for  a  time  without 
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any  change  occurring.  Further,  and  this  is  even  more  jm|>ortAnt,  the 
ammonium  Iwrate  formed  maybe  dissociated  into  its  constituents;  in 
other  won]*,  the  reaction  iKjtweeii  their  constituents  is  reversible.  Kow. 
in  compaiing  the  curve  ulttaincd  in  siudnng  the  ha*molytic  action  of 
tetiuioly^in  with  that  obtained  with  the  ha»mol}*tic  action  of  ammonia  a 
great  sirnilurity  was  observed,  and  therefore  Arrhtnius  and  Madsen  have 
Advanced  the  view  that  tetAnolysin  and  antitetanolysin  possess  for  each 
other  a  relatively  weak  aHinity,  that  the  union  is  thus  slow,  and  chat  the 
reaction  is  reversible,  the  ly.iin-antilysin  com])ound  being  cajxible  of 
splitting  up  into  the  molecules  fti^m  which  it  was  deiived.  Both  reactions 
can.  it  is  held,  be  calcnlatwl  according  to  what  is  known  as  iheGuldlwrg- 
Waage  law  of  mass  action,  that  "  the  rate  of  chemical  action  is  proportional 


J 


lotbo  active  mass  of  (I'ncli  of  the  reacting  auKstanoes."  From  the  fact 
tlut  ohsen-ntions  made  along  gimiliir  lines  on  a  dipbthoria  toxin  by 
Drejrr  ami  Afailsen  (1*0)  revealed  no  evidence  of  Butlden  transitions  in 
lliecdectd  of  friLcliorml  fuituration  )ty  nntitoviii,  hut  ft  slow  progrosA  which 
wnlti  be  expressed  Iiy  a  curve,  MailRon  is  inclined  to  extend  his  inter- 
preUliuti  of  tho  lysin  phunomenon  to  explnin  the  composilion  of  crude 
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diphtbcrm  poison.  According  to  such  A  viovr  Ehrliclt'a  obBervatioiiB  on 
ihe  jnrtial  tatunition  of  diphtheria  toxin  arc  not  to  he  explained  l.y 
■up|v»iD^  tliat  a  number  of  bodies  with  difl'ercnt  afi'initiet^  and  ditrercnl 
loxic  ^ictiohij  are  present  in  the  crude  toxin  ;  but  )ty  supjwsing  tliat  the 
toxin  nnd  nntitoxin  havi.'  a  vrenk  nthiuty  for  euch  other  niid  that  the 
reaction  is  reversible.  In  thi.s  connexion  the  difficulty  in  cncounleii'd  that 
•pfurBSiljr  toxin  amt  toxoid  have  diflfercnt  efTeclB,  tho  former  producing 


the  acut«  eymptoms  and  the  latter  the  paralytic.  In  the  particular 
toxin  which  Dreyer  and  Madsen  jointly  investigated,  they  found  what 
thoy  took  to  l>e  evidence  that  the  »ame  Iwidy  can  be  responsible  for  the 
two  classes  of  effects,  nnd  that  these  are  to  bo  explained  by  a  considera- 
tion of  differences  of  danage. 

Ehrlieh'a  TUpUj  tu  Arrhmins  and  MndArn. — The  original  views  of 
Ehrlich  and  the  later  cnticism  of  Madscn  and  Arrheniiis  are  those  which 
at  prcseiii  hctld  the  attention  of  pathologists,  and  from  the  natiirt'  of  the 
case  arc  likely  for  a  considerable  time  to  afford  material  for  discussion. 
As  no  definite  opinion  can  possibly  be  expressed  as  to  the  merits  of  the 
two  \news,  we  must  be  content  with  onttitiing  the  jwiinta  of  the  discussion, 
which  is  at  present  oidy  in  its  earlier  stages.  Ehrhch  (105)  holds  to  his 
original  view  unshaken,  and  criticises  the  result*  of  Airhenius  and 
Madsen  in  that,  unlike  ordinary  physico-chemical  reaearches,  in  the 
tetanolysin  work  purity  of  reagents  was  unattainable.  He  insists  on  the 
necessity  for  each  toxin  being  consirlered  by  itself,  and  objects  to 
generalisations  being  mnde  even  regai-ding  one  particular  toxin  until 
many  examples  of  this  toxin  derived  from  different  strains  of  bu-illi  have 
been  examined;  and  he  cites  many  examples  of  differences  in  not  only 
the  com|M>nents,  but  also  arrangement  of  components,  in  different  samples 
of  diphtheria  toxin  examined  by  him.  For  instance,  groat  difficulties 
have  arisen  iis  to  the  iiiterpretJition  of  a  pheiionn-iion  observed  by  Dreyer 
and  Miwisen  (91)  in  the  case  of  a  jiartiiular  diphtheria  toxin,  in  that  the 
La  dosy  for  the  guinea-pig  was  not  thy  L,.  dose  for  the  rabbit.  Ehrlich, 
while  explaining  the  occurrence  by  supjxising  the  presence  in  this 
particular  toxin  of  certain  degenerated  toxoids  to  which  the  rabliit  may 
be  particularly  susceptible,  bi-ings  forward  the  new  observation  that  the 
gre;4ter  susceptiltilitv  of  the  nibhit  is  not  oli^ervable  with  all  stmins  of 
diphtheria  toxin,  as  he  has  oljserved  toxins  where  the  L„  d<tse  was  the 
same  for  both  the  rabbit  and  the  guinea-pig.  Ehrliih,  however,  l>ases 
his  chief  objections  to  Madsi^n's  cnticisms  on  what  l»e  holds  to  Ihj  a  fact, 
that  diphtheria  toxin -antitoxin  reactions  cannot  always  l>e  expressed  in 
curves.  In  one  caso  there  were  50  M.Ij.D.  in  the  \a„  value  of  the 
toxin.  With  i»irlial  saturation  of  this  crude  toxin,  no  free  toxin 
appeared  with  the  fractions  greater  than  half  satiu-alion.  Below  this 
point,  for  everj'  o/jftlhs  less  antitoxin  :wlflc*|,  I  M.L.U.  appearefl  free.  In 
another  case  <si^e  Chart  3)  of  similar  partial  saturation,  in  the  fractions 
between  m  and  {^  the  value  of  wich  toxin  eqiuvalent  was  oidy  ^\j ; 
between  l^  and  »^  each  unit  contained  I  M.L.D. ;  from  -^^  to  z&ro 
each  unit  contained  only  k  M.L.D.  Here  again  there  is  no  evidence  of 
A  gradual  iieutiTiliAacion  of  one  su1>stance.  In  the  former  exam])le  given 
there  was  a  Hcfinifc  uniform  toxicity  etiual  to  \  M.L.D.  for  wich  binding 
unit  up  to  half  s.itin*ation,  and  then  the  disjippcJinince  of  jiny  evidence  of 
further  tnie  toxin  Iwing  present  in  the  crude  product.  In  this  second 
instance  up  to  the  72nd  binding  unit  there  is  hcniitoxin,  with  which 
each  binding  unit  reprosent-s  true  toxin  present  in  i  M.L.D.  ;  then  there 
is  the  sudden  appearance  of  a  toxin  of  which  each  binding  unit  repro- 
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•anu  the  true  toxin  present  in  1  M.L.D. ;  this  lasts  till  the  II  5th  unit 
14  rMchcii.  These  salutions  in  the  ^ipcctr«l  aiialysea  are,  Jiccorrling  lo 
Ehrtich,  not  rajwble  of  expression  by  a  curve,  nor  are  they  eompatiblo 
with  the  \({i-ii  that  the  occurrences  in  the  Elirlich  phenomenon  are 
to  Iw  h>uke<I  on  a«  due  to  ii  reversilih*  rejiotion  iKitwet-n  two  8nb»tnncpR. 
EhHich  holcU  that  Arrheniiw  ami  Miidsen  are  in  error  in  transferring 
their  dednetioris  mtule  on  tt-taiiolvBin  to  the  observed  facts  refrarding 
diphtheria  toxin,  in  that  the  a^-jdity  of  the  former  for  its  antitoxin  is 
OBJill.  and  thuit  the  reaction  beinir  slow  can  bo  expressed  in  a  curve ; 
an  the  othiT  hand,  the  avidity  of  diphtheria  toxin,  in  ita  ]inreHl  forms, 
for  antitoxin  is  great,  and.  as  in  llie  first  example  cite*!  abovfi  (that 
CMitaining  oO  jkirts  hemitoxin)}  can  be  exprosiffd  by  a  straight  linn. 
Further,  they  are  misuiken  in  that  while  they  admit  the  existence 
of  toxoids,  they  only  admit  that  they  have  obtaincil  cWdcitcc  of  the 
exisivncc  of  prototoxoids,  i.r.  of  b^xlics  having  a  nioro  powerful  hapto- 
plioronfl  group   than   the   true   toxins  while  jiossessing  a  weaker  toxo- 
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phoroQfl  group.  The  occurrence  of  these  would  not  satisfy  the  factis 
Ehriich  has  obscn-ed,  f.g.  the  occiurence  of  prototoxin  in  what  would 
be  cxpccterl  to  be  a  deuterotoxin  zone,  »■.';.  luesotoxin  zone  in  Chart 
3.  Ehriich  ^'ves  as  an  example  here  what  would  hup[)en  in  the 
oeutnJisiition  by  alkali  of  a  mixture  of  hydrochloric  acid  with  prussic 
*csd.  Here  the  hj'drochloric  acid  would  correspond  to  the  prototoxoid 
in  that  while  it  wiis  the  more  p<jwcr!ul  acid  qiui  acid,  it  is  the  weaker 
toxic  a^nt  to  protoplasm.  This  acid  would  be  wholly  neutralised  before 
tfar  nvnuidii^aticin  of  the  pru^sic  acid  commenced,  and  the  neutralisation 
of  Lh»^  latter  would  proceed  as  if  no  hydrochloric  acid  had  been  present, 
Arrbenius  (7)  in  his  reply  upholds  his  earlier  position,  tluit  the  teUinolysin- 
kriulysin  reaction  is  l»est  interpreted  by  comparison  with  the 
aion  of  boracic  acid  b\-  ammonia,  and  denies  that,  as  Ehriich 
K  the  neutralisation  of,  say,  an  acid  by  u  mixture  of  a  strong  and  of 
a  wcnk  h»»c  could  ever  resemble  neutndisation  of  an  acid  by  a  single 
vcftk  base.  With  regard  to  the  cases  in  which  Ehriich  has  observed  in 
•|iectn  <r.  Chart  3)  zones  of  great  toxicity  inteqwsed  between  zones  of 
hstt  tmeicity.  it  is  probable  that  An*henius  and  Madsen  would  hold  that 


there  were  in  such  CHses  a  series  of  bodies  acting,  And  that  the  phenomena 
when  graphically  represented  are  to  \te  interpreted  as  due  to  the  RUiwr- 
posiiioti  of  dilFerent  ciures.  They  have,  however,  apparently  not 
;ulmittod  lliat  in  any  circumstances  the  diphtheria  toxin -antitoxin 
reaction  can  he  represented  hy  a  fltmight  line. 

That  weakened  toxins  do  exist  there  can  be  no  doubt.  In  diphtheria 
evidence  that  the  eu>»3tances  which  kill  slowly  by  paralysis  are  the  same 
as  those  which  kill  quickly  with  general  symptoms,  has  been  found  in 
the  experiments  of  Dreyer  and  Madsen  (1*1),  who  shewed  that  if  the 
|Kjwerful  toxins  in  a  mixture  wore  neutrahsed  by  antitoxin  (the  paralysis- 
producing  bodies  being  left  intact),  and  if  such  a  mixtiu-e  were  used  for 
proilucing  immunity,  the  imnuuuty  was  effective  against  both  the  strong 
and  weak  toxins. 

Prr^f^rU  Position  of  fhf  Controrarsif. — While  the  eontroveray  as  ii^  the 
ultimate  inteqsretation  of  the  facta  observed  must  bo  stated  to  be  still  going 
on,  there  is  a  grov\*iiig  acciunulation  of  data  to  shew  that  a  great  many 
toxinantitoxin  reactions  take  place  along  the  same  lines  as  those  relatuii: 
to  diphtheria  and  tetanolysin.  These  are  summarised  by  Mndsen  (197), 
who  has  shewn  such  isimilarities  in  the  antagonism  of  ricin  and  antiricin, — 
with  Walbum  (200),^ — of  rennet  nnd  antirennet,  of  the  renoma  of  cobm. 
rattlesnake,  and  water  moccasin  venoms  with  their  antibodies,  of  li»otulis- 
mus  toxin  and  antitoxin  (198),  and  also  in  the  jintagonism  of  saponin  iind 
cholestcrin, — with  Xoguchi  (199).  (This  last  case  is  specially  interesting, 
as  it  is  an  example  of  a  toxin  and  antitoxin  rejwtion  occurring  in  bodies 
whose  constitution  is  more  or  less  known.)  In  furthei-  investigations  be 
has  adduced  experimental  evidence  for  the  reversibility  of  the  toxin- 
autitoxiu  reaction.  This  evidence  coiisisted  in  the  separation  by 
disiiociation  of  toxin  from  its  combinaiiun  with  mititoxin.  In  any 
mixture  where  neutralisation  is  tiiking  place,  there  is  at  any  moment  an 
e<juilihrium  l>etween  the  amount  of  free  toxin,  the  amount  of  free  anti- 
toxin, and  the  toxiit-aiititoxin  combination  which  has  alreatly  1>een 
formed.  This  equilibrium  is  disttirbed  at  any  moment  by  a  change  in 
the  amoimt  of  any  of  the  l>otlies  concerned.  AVhat  may  l>e  called  the 
normal  disLurlmnco  of  the  equililtrinm  results  from  the  constant  forinuiion 
of  the  toxin-antitoxin  body,  but  it  will  be  disturbed  if,  othenvise  than  liy 
entering  into  this  combination,  the  amount  of  either  the  toxin  or  anti- 
toxin in  the  mixture  is  diminished.  If  this  happens,  then  the  revcrsiliiliiy 
of  the  reaction  will  be  indicated  by  a  new  equilibrium  Iwing  cstAblished  by 
the  splitting  up  into  its  original  constituents  of  the  toxin-antitoxin  IkkIv. 
Madsen  and  Walbum  (200)  nddiice  eWderice  of  such  an  occuiTcnce. 
.\  mixture  of  ricin  and  nntiricin  was  tjikcn  at  a  (Ksriod  in  the  reaction 
when  there  was  so  little  free  ricin  that  no  toxic  efl'ect  in  guinea-pigs  was 
traceable.  Two  c.c.  of  such  a  mixture  were  poured  on  the  surface  of  a  tube 
of  10  per  cent  gelatin,  and  allowed  to  stand  at  2-3^  C  for  66  days,  when 
the  fluid  was  poured  otf  and  the  surface  of  the  medium  washed  with  sterile 
salt  solution.  The  upper  h  cm.  of  the  gelatin  was  mixed  with  1  M.L.D.  of 
the  loxin  and  injected  into  a  guinea-pig  with  no  rcsiUt.     The  deduction 
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is  thtit  frve  antitoxin  bad  ditfused  into  the  gelatin  from  tfac  neutral  mix- 
ture in  sufficient  amount  at  least  to  neutriUise  this  amount  of  toxin.  Part 
the  10  cm.  of  the  gelatin  below  the  upptr  zone  killed  «  guinea-pig  in 
1^  days.  The  rest  was  mixed  N\ith  400  immnnity  xniits  of  antitoxin, 
ul  on  injection  protinced  a  temporary  o?denia.  Thus,  there  was  eWdence 
tluit  both  free  antitoxin  and,  what  is  more  significant,  free  toxin  could 
lie  recovered  from  a  pre^noiisly  neutral  mixture  of  the  two  bodies.  The 
inUrrpretfliCion  put  on  the  experiment  was  that  the  t^jxin-antitoxin  com- 
bination could  h»e  split  up,  and  that  thus  the  reaction  waa  reverjsible. 
On  the  other  hand  Calcar,  working  in  a  similar  way  with  diplitheria 
toxin  and  antitoxin,  sljiteit  that  the  longer  the  niixiures  are  ke]>t  -sUuiding 
>iore  being  placed  on  gelatin,  the  less  evidence  '\%  there  of  ditfufiion 
'Ironi  the  mixture  into  the  gelatin.  Thoi*c  is  no  doubt  that  this 
<|iiestion  of  the  determination  of  neutralisation  and  the  definition  of 
the  lerra  is  of  imminent  pnictical  im(K>rtance.  In  the  application 
of  the  toxicological  method  of  determining  neutmlisfition  a  mixture 
ill  ap{*ear  neutral  as  long  as  there  is  a  certain  excess  of  the  non- 
)xic  substance,  even  though  complete  saturation  of  the  toxin  has 
ooomred  previous  to  injection  into  the  test-animal.  If,  as  wc  shall 
rcison  for  supposing,  the  toxin  is  ab^irbed  more  quickly  than  the 
anutoxin,  the  portion  of  the  former  aub&iance  still  free  at  the  moment  of 
injcctJon  may  bo  distributed  over  the  body  and  pro<luco  a  toxic  etFect. 
kTbe  supt  rtlnous  aiititi^xin  injecteii  being  more  slo^vly  alisorbeti,  may  yet 
present  in  sufficient  quantity  to  prevent  the  free  toxin  having  a  fatally 
igenetic  effect.  It  may  either  combine  with  toxin  free  in  the  Ijody, 
•  *.  the  combination  in  vUro  may  bo  continued  in  r»iw,  or  the  probably 
Moro  complicated  therapeutic  effects  of  the  antitoxin  ma^'  come  into 
L]r.  There  is  no  doubt  tbnt  this  question  of  the  exact  neutmlisatjon- 
int  of  a  to.xin-antitoxin  mixture  is  full  of  ditliculties,  and  it  may  be 
It  some  of  the  results  hitherto  chronicled  will  require  revision.  As  an 
stance  of  the  complexity  of  the  subject,  it  may  be  said  that  .Morgeurolh 
[246j  has  shewn  that  tbe  discrepancies  ob8erve<i  by  I>reyer  and  Madsen 
»n  the  L,.  dose  of  diphtheria  toxin  disappear  if  the  injection  be 
intravascularly  in  each  case  (in  the  giiinea-i»ig  injection  directly 
the  ventricle  of  the  heart  being  employed),  anil  if  tbe  mixtures  before 
ijection  are  kept  for  60-HO  minutes  at  40  C.  followed  by  24  hours  at 
II  C".  The  nect'fisity  for  ciu-e  in  the  estimation  of  neutralisation  was 
ler  phewii  by  Wassermann  and  Bnick  (347).  These  obscrvei-a 
^cd  that  if  a  mixture  of  tetanus  toxin  and  antitoxin  ap{>arently 
neutral  under  ordinary*  conditions  were,  within  1  hour  of  mixing,  injected 
lio  the  foot  of  an  animal  along  with  a  dose  of  suprarenal  extract 
ident  to  caase  contraction  of  the  blood-vessels,  death  now  occurred. 
[This  is  due  to  the  fact  that,  as  shewn  by  Meyer  and  Kansom  tetjmus 
ixin  is  absorlMMl  by  the  axis  -  cylinders  of  the  jieriphend  nerves 
while  antitoxin  passes  into  the  body  by  means  of  the  blood-stream.  In 
the  experiment*  of  Wassei-mann  and  Bruck,  the  body  thus  sorted  out 
the  two  free  moieties  of  the  constituent*  of  the  toxin- antitoxin  mixture. 


the  unioD  m  tivo  was  prevented,  and  the  toxin  hud  the  opportunily  of 
working  its  usual  toxic  effect.  It  was,  however,  further  found  by  tlieBo 
oli8erver»t  that  if  mote  than  one  hour  elapsed  between  tlie  mixture  Iteing 
made  up  and  its  injection  along  with  the  adienalin  injection,  then  death 
did  not  occur.  In  other  words,  the  bodies  were  now  completely  condnned. 
In  recent  limes  there  has  been  a  ecmsiderable  tendency  in  various 
directions  for  an  attitude  to  be  taken  up  independent  of  that  of  cither  of  the 
protogonistjj  in  this  controversy.  There  have  been  for  a  long  time  certain 
iact«  which  seemed  diHicidt  of  explanation  <in  the  view  that  the  toxin-^tnti- 
toxin  reaction  took  place  on  ordinary  chemical  lines.  <,'hief  among  these 
were  the  oljeervations  liy  Dreyerand  Madsen  (91)  alrcjidy  referrwl  to,  that 
a  mixture  of  diphtheria  toxin  and  antitoxin  neutral  for  the  one  animal 
species  might  not  l>e  neutral  for  another  species.  There  was  aUo  the 
observation  by  Roux  and  Vaillard,  that  a  tetanus  toxin -anti Ujxiti 
mixture  neutral  for  a  normal  guinea-pig  might  not  be  normal  for  a 
guinea-pig  previously  infected  with  u  pathogenetic  vibrio.  It  appeared 
that  the  (pie>ttion  of  toxin-antitoxin  reaction  must  be  looked  at  not 
merely  as  a  reaction  in  which  two  foreign  subHtaticca  took  part,  but  one 
in  which  a  third  element,  namely,  the  animal  in  which  the  reaction  was 
taking  place,  had  to  be  considered.  It  is  thus  not  surprising  that  in 
many  minds  doubts  should  exist  as  to  the  ]x>ssibility  of  an  ordinAry 
simple  chemical  explanation  of  this  phenomena  being  stifficient.  In  this 
connexion  we  may  first  refer  to  the  criticisms  of  R(trdet  (40).  We  fih;dl 
see  later  that,  wn'th  regard  to  another  a.spect  of  Ehrlich's  hypothesis,  this 
observer  is  inclined  to  think  that  reactions  similar  to  the  toriu-anii toxin 
reaction  may  be  looked  on  not  as  the  result  of  actual  chemical  union,  but 
as  analogous  to  the  taking  up  by  a  texture  of  a  dye  ;  here  we  have  to 
do  with  Bordet's  \iew5  on  the  toxin-antitoxin  reaction  itself.  These  are 
Iwseii  on  certain  phenomena  observed  in  the  neutralisation  of  a  b;emolytic 
(>oison  and  its  antitoxin,'  and  Bonlet's  main  position  is  that  when  the  toxin 
comes  in  contact  with  excess  of  antitoxin  it  does  not  merely  combine  with  a 
moiety  corresponding  to  it*  amount,  but  it  aflett-s  the  whole  of  the  anti- 
botly  present.  The  cadence  on  which  this  opinion  rests  is  of  the  following 
nature  : — The  amount  of  the  toxin  necessary  to  produce  haemolysis  in  a 
certain  amount  of  blood  was  '05  c.c,  the  time  occupie-d  lieing  half  an  hoiu", 
juid  the  amount  of  antitoxin  necessjiry  to  neutralise  this  amount  was 
•3  c.c.  Now.  a  mixture  of  1  '2  c.c.  of  toxin  and  '3  c.c.  antitoxin  did  not 
effect  an  hremolysis  iti  less  than  70  minutes.  Boi*det  states  that,  acconling 
to  Ehrlich's  view,  there  should  have  been  9  of  free  toxin  in  this  mixture, 
(.c.  eighteen  times  the  amount  necessary  to  cause  haemolysis  in  half  an  hour. 
Bordet  also  made  what,  we  shall  see  presently,  is  a  most  im|jortant 
observation,  namely,  that  if  to  a  dose  of  antitoxin  sufficient  to  neutralise 
a  givL-n  amount  of  toxin  the  latter  l>e  added  in  two  fractions  with  an 

^  Tbr  hicmol>iic  a^taX  is  tlie  nicxiii  of  nnnnal  u-mm  whicli  wv  sb&ll  faKTe  to  iJU«cn>>5  tt 
Iciigth  later.  Am  w«  shall  nee.  it  tiati  not  net  <llrert)y  mi  tho  corpuscle^  but  1>y  thti  inter- 
niiNluu-y  of  nnothor  iHJcly.  A»,  hovtvver,  this  »  qulto  iuioiAlvrial  lo  the  preiwDl  liiacuvuon 
«e  omit  all  rtfertnce  to  the  complication. 


ioCemU  of  time  between  them,  tho  antitoxin  is  no  longer  sufficient  for 
nootralimion.  He  further  found  thai  though  a  small  Amount  nf  fi-ee  toxin 
oouJd  luemolysti  the  te.st-ilo»e  of  coq>U5i.'les  more  ([uic-kly  than  a  large 
amount  of  a  toxin  whieh  was  being  ai^tetl  on  by  antitoxin,  yet  if  an 
exci%s  of  corpuscles  were  employed  in  each  cuso,  then  in  a  given  time 
a  much  greater  amount  of  htumolysis  re^ultod  with  the  partially  combinod 
Uian  with  the  completely  free  toxin. 

Thia  work  undoubtdlly  comes  into  line  with  the  views  of  othrr 
ofaaerven,  who  find  a  solution  of  the  ditheidties  by  considering  the 
phenomoDa  explicable  on  the  sujiposition  that  in  the  toxin-ftntito?cin 
reaction  there  is  not  a  chemical  combination  in  the  ordinary  sense  of  the 
word,  but  that  wo  have  here  an  example  of  the  interaction  of  bodies  in 
liie  colloidal  state.  Accorrling  to  thia  ^-iew  the  relation  of  the  antitoxin 
to  the  toxin  is  one  of  what  is  denominated  aiUryrptlfm.  The  .'^mailer 
ecule  of  the  toxin  is  entani;lcd  in  the  lar<^e  mulucnle  of  the  antitoxin, 
much  in  the  way  in  which  a  dye  is  entan^'le*!  in  the  atnietuie  of  a 

rend  without  entering  into  combiiuition  with  it.     This  position  was  fully 

MEcd  in  a  congress  of  physical  chemists  held  in  1  !(04,  at  which  both 

Ehrlich  tmd  Arrhenius  were  present  (9).     Here  ceitain  obsemitiona  of 

iKingern  (93)  were  adduced  as  fatal  to  tho  idea  that  the  toxin-antitoxin 
liou  is  rcvoi-silile.  The  exfK-riment  was  as  follows:— The  M.L.D., 
L,  and  L„  values  of  a  toxin  were  tlctermined  in  the  usual  way.  To  a 
wTic«  of  tubes  containing  sitigle  immunity  units  anioinits  of  toxin  cone- 
apooding  to  about  the  L,,  and  L/  values  were  added,  not  all  at  once,  but 
eftcb  in  two  moieties.  The  mixtures  containing  the  first  moiety  were 
■Ilowe<]  to  stand  for  a  considerable  perirxl — often  for  24  hours — and 
then  in  each  case  the  second  moiety  was  added,  and  the  whole  left  for 
ftome  houre  longer.  The  effect  was  that  what  corresponded  to  the  L, 
value — i.e.  the  value  which  contained  one  M.L.D.  free — was  found  to  be 
lower  than  if  all  the  toxin  had  been  added  at  one  time  to  the  immunity 
tmit.  Thus,  when  tested  in  the  ordinary  way,  the  L„  dose  was  'C  c.c.  and 
the  L,  close  -TS  c.c.,  but  when  to  one  immunity  unit  *6  c.c.  toxin  wa.'^  added 
m  two  moieties,  it  wok  found  that  the  final  mixture  was  no  longer  neutral, 

t  ki1]i^<]  a  guinea-pig  in  the  test-time-  in  fact  the  fatal  dose  was   59  c.c. 

us  the  Iv,  dose  was  now  actually  less  than  the  original  L„  dose.  Now, 
it  is  hehl  that  such  a  phenomenon  could  not  liap]ien  if  the  toxin-antitoxin 
roftction  wore  reversible.  If,  ns  Khrlich  puts  it,  we  take  as  an  example 
of  a  rKTersible  combination  the  case  of  acetic  acid  (representing  toxin) 

ting  on  alcohol  (representing  antitoxin),  what  occurs  is  quite  different. 

we  uutke  a  mixture  A  by  adding  to  an  equivalent  of  alcohol  one-lhiiil 

an  Mjuivalent  of  jicetic  acid  a  condition  of  equilibrium  is  obtained. 
We  piit  this  aside  for  a  lime  and  then  add  the  remaining  two-thirds  of 
ibe  equivalent  of  acetic  acid.  If,  at  the  time  of  the  second  adtlition,  wo 
tAke  a  mixture  B,  contaiin'ng  an  equivalent  of  alcohol,  aiid  add  to  it  at 

cc  a  full  equivalent  of  acetic  acid,  in  a  very  short  time  the  quantities 

r^imbinations  present  in  the  two  mixtures  are  identical.     It  wjw  fnither 

own  by  Biltz  during  the  discussion  just  referred  to  that  a  phenomenon 


identiciil  with  the  Ehrlich  phenoraeiuin  is  obacrvuble  in  inorganic  suU 
stanccs  in  tlic  reliction  of  Hraonic  acid  vnth  the  cHilIoid  liydrous  ferrous 
oxido  (Fet.).t)H). 

Tho  phonoinenn  of  the  neutndis»tioD  by  lU  anlilysin  of  the  lyain 
produced  by  the  iS.  rnqfuthtriitm  has  been  studied  by  Craw  (74).  This 
obeorver  found  that  free  t3'5in  is  present  in  neutral  mixtures  and  in 
mixtures  containing  excess  of  nntilysin,  that  free  antily^tin  exints  in 
neubnd  mixtures  and  in  mixtures  containing  excess  of  lyain,  and  that 
the  reaction  is  at  leusi  iwrtiidly  reversible  when  excess  of  antilysin  is 
present,  Init  that  uoverthelesj*  the  neutralisation -e)|uation  (»f  Arrhenius 
and  Madscn  does  not  hold  for  all  mixtures  as  it  should  do  \i  the  action 
were  reversible  in  the  sense  in  which  they  use  the  word.  Craw  eonchides 
that  the  removal  of  lysin  from  a  solution  by  antilysin  cannot  be  interprete<l 
AS  a  purely  chemical  change,  but  is  more  analogous  to  certain  adsoqv 
tion  phenomena. 

It  is  evident  that  those  cfinsiderations  are  of  the  highest  importance, 
and  they  open  up  possibilities  which  may  necessitate  reconsideration  of 
the  whole  subject.  The  int-eractiofis  of  substances  in  the  colloid  state  have 
hitherto  received  comparatively  little  attention,  and  much  knowledge  is 
desirable  regarding  the  relationshii>3  of  molecules  which  are  bound  to  one 
another  witliout  being  actually  united-  With  re;;putl  to  the  sulyect  in 
hand  it  is  clear  that,  though  I'^hrlich  has  julduced  evidence  favourable  to 
the  Ehrlich  phenomenon  being  explicable  by  substances  in  the  colloidal 
state,  the  jKirts  played  by  toxins  on  the  one  hand  and  toxoids  on  the 
other  in  the  reaction  has  still  to  f>e  explained ;  and  further,  the  existence 
of  a  colloid  element  in  the  reaction  mij^ht  necessitate  a  revision  of  the 
very  definite  views  advanceil  ref^arding  the  existence  of  specific  h;»pto- 
ph"iotis;  iiiul  toxopliorons  groups  in  the  toxin  niolccxde. 

The  Behaviour  of  Toxin  in  a  susceptible  Animal. — We  must  now 
pass  to  consider  Ehrlich's  views  so  far  as  they  deal  with  the  natiuv 
and  origin  of  antitoxins.  Fii^t  we  must  ask  how,  on  Ehrlieh's  view, 
toxins  act  on  the  body.  We  have  seen  that  he  considers  the  ultimate 
toxin  molecule  to  possess  hajttophorous  and  toxophorous  nthnities, 
and  that  in  an  m  vtiro  combination  with  antitoxin  the  hnptophoroiis 
group  saturates  a  corresponding  nthnity  in  the  antitoxin  molecule. 
Now,  he  further  holds  that  when  toxin  is  intro<luced  into  the  body  of  a 
susceptible  animal  it  is  tixed  in  the  susceptible  cells  by  its  haptophoroua 
group,  and  that  subsequently  the  essential  toxic  effect  is  the  work  of  the 
toxophorous  group.  When  such  a  toxin  ha  that  of  the  tetanus  bacillus 
acts  in  the  body,  a  ]jeriod  elapses  between  its  introduction  and  tlie  apiMUtr- 
ance  of  symptoms.  The  4|Uestion  arises,  \\"here  is  the  poison  located 
during  the  perioii  of  incubation  ?  According  to  Ehrlich  (97)  it  has  been 
shewn  by  Heymans  that  it  rapidly  disa])|>e:t(^  from  the  circulating  blood. 
This  observer  injected  a  lethal  dose  of  toxin  int«  an  animal,  and  imme- 
diately afterwards  replaced  the  blood  of  the  animal  by  trjmsfuBing  into  it 
the  Mood  of  another  animid.  Notwithstanding  this  it  succumbed  to 
typical  tetanus.     Iti  the  interval  between  the  toxin  injection  and   the 
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tnnifiuioD  the  poison  had  thus  been  taken  up  by  the  tissues.     Donitz 
\%'\  prtxiucet)  eniience  U-wIing  10  a  simiUr  oonchision  \\y  studyin*;  the 
doM  of  Antitoxin  necessary  to  neutralise  the  ctt'ect  of  a  given  amount  of 
t4tuia3  toxin.     The  latter  was  introduced  into  a  vein  of  one  ear  of  a 
nbliit,  &nd  into  a  vein  of  liio  otlier  ear,  after  variouH  [KiriiHls  uf  time,  the 
muiioxin  was  injecUMl.     If  the  antitoxin  were  injected  before  the  toxin, 
tec  of  a  1  in  2000  dihition  was  sufficient  to  prevent  death  :  if  the  anti- 
laxio  were  injected  4  minutes  after  the  given  araonnt  of  toxin  1  c.c.  of 
k  t  in  600  dilution  was  necessary  ;  if  1 5  minutes  elapsed  I  c.c.  of  a  1  in 
I'JOMilution  w:i3  reiiuire*!.     Similar  facts  were  obsened  with  diphtheria 
'Drill.     The  dcthiction   ma^le   is,   that  during  the  few  minntc.^*  elapsing 
*ft«r  injection  at  least  one   M.L.D.  has  j^jissed  out  of  the  blood  where 
'itharwiso  it  would  meet  and  be  combined  with  the  antitoxin  introduced. 
.Ut«r  the  toxin  had  paaswl  out  of   the  blood  the  method  by  which  the 
uintoxin  could  act  would  be  .ilong  the  lines  of  its  specially  thera|>eutic 
*9«t     Given  that  the  toxin  pasj^es  out  of  the  blood,  the  ^luestion  of  its 
III  still  remains.      According  to  Khrlich'.s  ^new  of  such  a  ftinea-se  as 
-:.L..!ji,   seeing  that  manifestly   the   centml   nervous  system   is   chiefly 
iffffcted  by  the  poison,  it  wouhi  probably  l>e  there  that  the  toxin  would 
J>fl  fixed.      In  this  connexion  we  have  the  much-discussed  exptrimenta 
»i  W^aMermann  and   TakaVJ.     These  observers  studied    the    efiects   of 
(itficini;  the  tissue  of  the  brain  of  the  guine;i-pig  in  contjict  with  tetanus 
*totin,  and   they  f'Min<l    that   If  the  bmin   wore   thoroughly  bniised  in  a 
aortar  and  mixed  with  toxin  it  was  capable  of  neutralising  the  action  of 
\  cunsidemble  amount  of  the  poison.     They  also  sta,tc  that  if  the  emulsion 
flf  th«  bruin  were  injected  into  an  animal   it  was  capable  of  protecting 
t&U  auimai  against  the  subsequent  injection  of  an  othcnvisc  lethal  amount 
^   ti,  C4Kdu.     It  was  foimd  tliat  in  other  animals,  t.i}.  man,  the  horse,  similai- 
^Hp|iertie.s  were  {jossessed  apparently  by  the  hniin  alone  ;  but  in  the  case 
PIFtlie  mbbit  the  liver  and  tbc  spleen  shared  with  the  bmin  the  ti.xing 
apftcity.       These   observations   have    in    the    main    been   conhrrned    by 
Metchnikotf  (23:2),   Marie  (209),   Knon-  (160),  and  othei-s.     According 
tu  Milchner  (242),  if  the  mixture  of  brain  emulsion  and  toxin  be  contri- 
fu^ed  there  is  no  free  toxin  in  the  Hutd,  and  from  this  it  is  concluded 
ibjit  the  toxin  is  attached  to  the  debris  of  the  cells.       An   iui[x>rtant 
i|iiaiUi>n  in  this  connexion  is  whether  the  neutralisation  uf  toxin  is  an 
«ttrOmt«   unly  of   the   braiJis   of  animals   susceptible   to  tetanus.      This 
Metchiitkoff  denies.     The  frog,  though  not  suscei>tible  to  tetanus  when 
kefA  »t  low  temj^wratures,  shews  susceptibility  when  its  external   tem- 
pemuira  is  raise<l,  yet  its  brain  shews  no  capacity  of  neutralising  tetjiiuis 
troxin.     It  may  here  be  remarked  thtit  Rlunienthal  (30)  found  that  if  the 
bnun  were  boded  before  being  treated  with   toxin  the  neutralisjition  of 
thit  toxin  did  not  occur.     MetchnikoH's  explanation  of  the  phertomcnon 
t»  thjit   the   toxin  is  entangled   in   the   brain  -  substance,   luid   thai  the 
latttfr  when   injected  exercises  a   chemiotactic   influence   on   the   leuco- 
eytee  of   the  animal   which   englobe   and   destroy   not  only   the   bmin- 
ce  but  the  entangled  toxin.     In  this  connexion  it  must  bo  remarked 


tliAt  the  problem  of  the  possibility  of  fixation  of  tetanus  toxin  by  brsin- 
coIIb  cairies  with  it  n  confiidemiion  of  all  the  (jiiestions  raised  as  to  the 
inns  nature  of  the  in  ritro  eombination  of  toxin  and  antitoxin,  with 
the  difference  that  from  this  standf^oitit  they  iii-e  inaiivthle  of  ehicida- 
tion.  For  inatance,  in  contrarliction  of  Milchiier's  resultws,  I>anysz  (76) 
found  that  if  a  neutral  mixture  of  cerebral  sul  stance  and  tetanus  toxin 
weru  marenited  with  syiU,  solution  a  certain  amount  of  toxin  reappears 
in  the  Htiid.  It  is  e^itlciit  that,  if  this  he  correct,  the  quefttion  of  tht- 
reversibility  of  thu  reaction  of  toxin  with  an  antagonising  substance 
appears  in  a  fresh  form. 

A[jart  from  the  work  of  Wossennann  and  Taknki  several  poioie  may 
be  brought  forwanl  in  favour  of  the  i>ossibiUty  that  when  tetanus  toxin 
disappears  from  the  circulation  it  is  fixed  in  susceptible  cells.  Some  of 
these  are  of  an  ti  j'ri>>ri  nature  and  are  derived  from  the  analogy  of  what 
occurs  with  prolxibly  analogous  botlies.  I'hus  Sachs  (209)  has  studied 
the  hjcmolytic  action  of  the  poison  of  a  spider  which,  na  we  have  *een. 
there  is  every  reason  to  believe  belongs  to  the  same  group  as  the  soluble 
bacterial  toxiuH,  and  he  has  found  that  while  it  dissolves  the  red  blood 
corpuscles  of  the  rabbit  it  has  no  efiect  on  those  of  the  guincA-pig  or  dog. 
When  the  poison  was  l>rought  in  contiict  with  the  latter,  not  only  did  it 
not  afTect  them,  but  if  the  mixture  were  centrifupUised  the  toxin  was 
found  free  in  the  supernatant  fluid,  not  having  Iwcome  in  any  wuy  fixed 
to  the  cells.  On  the  other  hand,  if  the  stronmta  of  susceptible  corpuscles 
were  treated  with  the  poison  then  fixatioti  to  the  protoplasm  could  be 
obecr^ed.  ^[oro  direct  cxndence  of  fixation  in  susceptible  cells  is  found 
in  Kansom's  observations  on  tetanus  in  susceptible  aiu'mala  This 
observer  found  that,  if  some  excess  of  the  lethal  dose  of  toxin  were 
injected,  evidence  of  free  poison  could  be  found  in  th«  organs  of  the  IwMly 
but  not  in  the  brain,  in  which  the  poison  absorbed  was  prcsumjibly  nxol 
in  the  cells.  Additional  evidence  is  also  found  in  the  work  of  Meyer  and 
l-iansom,  who  have  shewn  evidence  for  believing  that  tetanus  toxin 
is  absorbed  into  the  system  hy  the  axis- cylinders  of  the  motor  nerves. 
In  an  animal  into  which  antitoxin  in  great  excet*8  has  been  injected,  and 
in  which  the  bloo4i  is  in  coiiseijuence  jKiwerfully  antito.vic,  a  fat;il  tetanus 
will  be  contracted  if  a  M.L.I).  be  injected  into  a  perii)heral  nerve.  There 
is  thus  considerable  evidence  of  the  fixation  of  toxin  in  susceptible  cells. 
Some  confusion  has  Iwcn  introduced  into  the  discussion  )>y  it-s  Iwing  in 
some  (|uarter8  taken  as  a  corollar)-  to  Ehrlich's  positiori  that  toxin  is  tudy 
fixed  in  the  cells  on  which  the  greatest  ])Hthogcnetic  eH'ect  is  manifested. 
This  is  by  no  moans  a  necessary  consequence,  as  will  be  at  once  evident 
when  we  lo«>k  at  Ehrlichs  view  of  the  relation  of  what  occiu-s  in  toxin 
action  to  the  course  of  noraial  physiological  activity.  It  in  nob 
ordy  conceivable  but  probable  that  toxin  may  be  fixed  in  other  coUs 
besides  those  on  which  its  activity  is  most  manifest  This  is  indi- 
cated by  experiments  recorded  by  Koux  and  Iion*el  (2!»3).  Tliese 
observers  found  that  while  in  the  ca^e  of  the  guincA-pig  the  M.T^D.  was 
the  same  whether  the  poison  was  injected  intracranially  or  sultcntaneously. 


in  the  rabbit,  on  the  other  hanfl,  the  subcutAiieous  M.L.D.  wjia  twenty-five 
times  greater  than  the  dost;  necessary  to  produce  death  when  injected 
intracrHnially.  From  this,  in  conjunction  with  the  iihove  mentionetl 
o^Mierrationfl  of  Waasermann  on  the  |x>SRiIiility  of  Hxation  of  toxin  in  the 
li^^er  wnd  spleen  of  the  rabbit,  it  becomes  at  once  obvious  that  wo  should 
expect  such  a  ditioreiice  of  M.L.D.  as  Itoux  and  Borrel  have  observed. 
We  fthiill  find  immAdiateiy  that  these  observations  have  another  and  even 
more  ixDport«uit  application. 

Id  connexion  with  the  point  just  discussed  it  may  be  stated  that 
£hriich  holds  strongly  that  touns  differ  from  such  poisons  as  alktdoids  in 
that  he  has  been  unable  to  tind  evidence  of  fixation  of  the  latter  in 
susceptible  cells.  That  u  diH'erence  exists  Iwtweeti  the  behaviour  of  auch 
A  toxin  as  that  of  t«taniis  and  such  an  alkaloid  as  morphine,  timy  be 
gathered  from  the  fact  tliat  Morgenroth,  in  the  case  of  the  latter,  could 
fixtd  no  evidence  of  the  formation  of  an  antimorphino  serum.  It  i^,  how. 
ever,  impossible  at  present  t«  estimate  the  real  significance  of  such  an 

irvatinn. 

Ehrlich's  View  of  the  Nature  of  Antitoxins. — We  have  now  to  con- 
sider Elirlicb's  attitude  ast  to  the  essential  nature  of  the  antitoxin  produced 
A}^int(t  a  soluble  toxin.  His  view  of  what  nuiy  occur  in  the  reaction  of 
tiic    toxin    and   the   susceptible   cell   is    based  on    the    conception   that 

ribly  the  reason  for  toxin-fixation  is  that  toxins — as  there  is  every 
in  to  l»elieve— are  in  trotiKtitutioii  closely  allietl  to  some  bodies  wMcli 
In  ordinary  cell -life  are  taken  up  by  the  coll  from  the  suirotuiding 
Irmph  as  food.  These  food  materials  would  contain  haptophorous  p-oupfi 
corresponding  to  those  of  toxins.  What  will  happen  during  the  process 
of  immunisation,  e.g.^  of  the  guinea  -  pig  against  tet^tnus  1  In  this 
uuidaI,  as  wo  have  seen,  the  expei-iments  on  fixation  point  to  the  con- 
cWioD  that  the  bniin-cells  have  more  ])owor  of  fixing  toxin  than  the 
oeUs  of  the  other  organs  of  thfi  l>ody.  In  the  process  of  immunisation 
either  the  amounts  of  toxin  reacting  with  the  brain-cclIs  are  insnllicient 
to  cuU8<^  by  their  toxophoroiis  groups  serious  interference  with  the 
oeUol&r  metabolism,  or  the  toxoid  quality  of  the  crude  toxin  renders 
it  impotent  to  produce  harmful  elfects.  In  any  case,  however,  it  is 
inchored  to  the  cell  by  its  haptophorous  groui>s.  This  anchoring  is 
useless  to  the  cell,  for  though  the  conception  prcsupjioses  a  rescndilance 
belire*n    toxin -molecules   and    certain   ordinary  food-molecules  it  does 

suppose  that  toxin  can  t4ike  the  place  of  these  food -molecules  in  the 
•y  cellular  metabolism.  The  residt  is  tliut  the  cell  is  deprived  of 
rn  molecular  affinities  which  are  necessary  to  its  ordinary  vital 
iritjr.  In  consefpicnce  and  in  accordance  with  the  general  tendency  of 
tMBQOS  to  regenerate  lost  parts, — a  view  elaborated  by  Wcigcrt  (59), — 
there  occurs  on  the  |>art  of  an  executive  centre  {** l^isfuiiftakan')  of 
lbs  cellular  protoplasm  (rf.  Khrlich  (97),  p.  433)  a  formation  of  fresh 
Ic^hiiins  to  take  the  functional  place  of  those  saturated  with  the  use- 

toxiu.     But  as  during  immunisation  the  periodically  injected  toxin 
frith  the  useless  material  more  and  more  of  these  newly  formed 
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side-chains  the  executive  centre  must  produce  more  and  more.  Now, 
just  jis  the  reproductive  mechanism  of  a  cell  may,  when  HtimnlHted,  pro- 
duce new  cells  in  gr-^it  <|uantity,  iis,  say*  in  the  case  of  riitJineous 
epithelium,  so  the  nutntive  centre  of  the  cell  may  be  stimuhitvd  to 
produce  the  necessary  side-chains.  But  if  this  happens,  a  jwint  may  be 
reached  when  far  more  side-chains  are  protluced  than  are  required  for 
food  fixation.  The  molecules  containing  these  side-chains  are  useless  in 
the  cell  and  are  cast  off  into  the  lymph,  and,  finding  their  way  into  the 
blood,  constitute  the  antitoxin  which  may  be  found  there.  The  antitoxin 
is  thus  made  up  of  the  same  molecular  aggregates  which,  in  virtue  of  their 
haptophorous  groups,  are — when  these  form  part  of  the  functioning  proto- 
plasm of  the  cgU — the  means  by  which  a  toxin  is  fixed  in  that  cell.  The 
difference  between  the  haptophorous  groujKS  when  functioning  in  cellular 
activity,  ancl  when  in  conaeijuonoe  of  their  over-production  they  are 
merely  supcrHuous  ur  waste  material  must  be  insisted  on.  In  the  Jinng 
cell  they  are  not  acting  as  antitoxin,  they  ait;  acting  us  tuxin-fixatives. 
This  difference  luus,  acctjrding  to  the  Khrlich  school,  sometimes  not  been 
properly  recognised.  Thus  iCoiix  and  Borrel  (293)  have  shewn  that 
in  the  intracerebral  injection  in  rabliits  of  tetanus  toxin  there  is  a 
lowering  of  the  M.L.D.  fis  compared  with  sul>eutiuieous  injection.  They 
considered  this  riisult  t^)  be  unfavo\irable  to  the  view  that "  free  antitoxin  " 
existed  in  the  brain.  There  is  no  doubt  that  such  a  view  is  not  held  by 
Ehrlich,  whose  position  is  as  we  have  just  stJited  it.  In  this  connexion 
reference  may  be  made  to  an  observation  of  Marie,  who  found  that 
if  half  of  the  cerebral  hemisphere  of  a  rabbit  were  removed  during  life, 
triturated  with  tetanus  toxin  an<]  injected  into  the  animal  from  which  it 
had  been  removed,  tetanus  did  not  follow.  Here,  if  Khrlich's  view  be 
correct,  we  ma}'  suppose  tliat  the  death  of  the  brain-cells  which  followed 
their  removal,  loosened  the  protophismic  contiruiity  of  the  cellular  com- 
plexes and  liberatetl  the  toxin-binding  complexes  in  the  form  which,  in 
over- regeneration  they  would  be  east  off. 

Diifcus.-fion  of  Fads  hearinft  on  Khrlirh'n  View. — It  will  be  at  once  apimrent 
that  this  conce|5tion  of  the  nature  and  origin  of  antitoxic  bodies  put 
forwfird  by  Khrlich  is  of  an  extremely  speculative  ehanicter,  and  is  inti- 
mately connected  with  the  (lueation  of  the  ultimjite  molecular  fabric 
of  protoplasm.  Still,  there  are  a  ntmilter  of  f.icts  which  may  be  brought 
fonv.ird  in  support  of  such  a  view.  In  the  first  place,  there  is  a  good 
deal  of  evidence  for  the  supposition  that  antitoxins  are  formed  in  the 
fixed  cells  of  the  Iwidy.  Thus  Koux  and  Vaillard  (l2i>4)  have  shewn  that  if 
in  the  course  of  a  few  days  there  be  remove«l  from  an  animal  immunised 
against  tetanus  a  quantity  of  blood  e«|Ual  to  the  \j:yU^\  amount  originally 
contained  in  the  animiU's  Ixxly,  the  newly  formed  blood  lapidly  becomes 
AS  strongly  antitoxic  as  the  original  blood.  This  is  in  favoiu'  of  the 
constant  passage  into  the  circulating  fluid  of  sul>stances  from  some 
fixed  tissue.  The  same  conclusion  is  brought  out  in  the  more  extended 
researches  of  Sniamonsen  and  Madsen  (300)  working  with  goats  immunised 
against  diphtheria.     These  observers  withdrew  qmiutities  of  blood,  and 
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Miond  the  lost  volume  bv  injection  of  saline  fluid.     A  fall  in  antitoxic 

power  of  the  blood  occiirreil,  but  tbis  was  succtiedcd  by  a  rise,   a^ain 

Bbering  ibat  the  blood  obtains  its  antitoxic  constituent  from   oul8i<ie 

itviH.    The  hist-nanied  oljseners  have  note*!  a  further  fact  lea(lin«j;  to 

tW  bAiae  conduHion,   naniely,   that  the  injection  uf  pilooarpine  into  an 

iaijosi  during  an  immunisation  will  lead  to  an  increase  of  untitoxiii  in  the 

•rr^m.    The  nell-known  phiirmacologicul  ellect  of  this  agent  in  glimulHling 

'jdiiun'  glandular  secretiona  has  led  to  a  comparison   Itdween  ^laiiiiulur 

Acliuii  and  the  secretion  of  antitoxin.      MelcbnikotF  does  not  admit  the 

cxuaangiane<JUH  origin  of  antitoxic  IkxIica  ;  in  a  guinea-pij;  inimunibcd 

apiQSt  tetanus  he  caused  a  leucocytic  exudation  in  the  peritoneum  by 

lb  injection    of   saline    sohition,  and   found   that  this   exudation   was 

oacli  more   anti^ixic  than  the  serum  of  the  animal,     WeigerlB  ('M>\) 

criucifim  of  thii^  result  that  leucocyte-containing  tissues,  such  as  the  spleen 

iixi  bone-marrow,  do  not  shew  in  an  immune  animal  an  apparent  excess 

'li  antitoxin,  does  not  (piite  meet  the  cJiAe ;  in  the  Hrst  place,  because 

unong  the  exuded  leucocytes  in  Metehnikoirs  exiwrinient  there  was  an 

acesf  of    mononuclear   cells,  which  are   probably   not   producetl   exclu- 

■nejy  in  the  nuiiTow,  nttr  eveti   in   the  sjtleen  ;    and   secondly,  because 

ihe  fluid  of  the  extidation  is,  for  qiiantiUktive  measurements,  more  com- 

funihle  to  the  closely  allied  blood-serum  than  is  any  extract  of  a  tissue, 

itovever  pi'Sfiarei).     Whilst  the  [>0Hsible  relationship  of  changes  in  the 

ar  content  of   thi:  blood   to   the   antitoxic  capacity   of  the   sertnn 

uires  further  investigation,  the  evidence  at  present  rather  points  it) 

ori^u  of  antitoxins  in  the  fixed  tissues,  and  so  far  is  favourable  to 

Ebriich^s  view. 

^arit  f/earin{fon  th^  Sottro'  of  Antitoxin. — We  must  now  undertake  the 
difficult  inquiry  whether  there  is  any  evidence  pointing  to  the  formation  of 
satitoxin  in  any  particular  tibsue.  According  to  Khrlich,  wherever  toxin 
is  fixed  there  antitoxin  may  be  formed  ;  and  thus,  as  for  instance  in  the 
cue  of  immunisation  of  the  ni1>bit  against  teU'uins,  to  which  reference  liius 
licvn  made,  it  is  possible  that  antitoxin  may  be  formed  in  organs  where 
lOdin-fixation  may  produce  little  serious  pathogenetic  effect.  There  is 
B  difficulty  in  connexion  with  the  subject  generally  which  has  already 
been  biuted  at,  namely,  how  are  wc  to  judge  that  an  organ  is  s[>t;cially 
rich  iu  antitoxin.  If  tiie  estimation  is  to  be  made  i)er  unit  of  mass  it  ia 
0Vvietit  thfit  the  proixution  of  inert  niaiter  is  unknown.  Further,  if 
tjon  lakes  place  immediately  after  formation,  the  amount  of  antitoxic 
rial  present  at  any  one  time  may  be  small,  while  in  reality  the  output 
be  very  great  The  most  thorough  and  extensive  observations 
in  this  connexion  have  been  nmde  by  Dzierzgowski,  who  tested  the 
oq^uiA  of  horses  immune  against  diphtheria  by  oxtmcting  the  juices  by 
hydnulic  pressure.  In  this  way  tlie  luimber  of  immunityunilR  present 
in  an  organ  could  be  deteiTuincd.  ile  found  that  the  kidrutVK,  supra- 
rvnals,  and  some  of  the  13'niphatic  glands  contained  the  greattst  amount 
of  anliloxirL  These  results  are  in  agrcemeut  with  what  has  been 
oh«erre<i  in  tetanus  by  Metchnikoff  (232),  in  which  case  no  special  richness 
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of  the  susceptible  central  nervous  system  in  antitoxin  could  be  obsen'cd. 
There  is  thus  no  ovideuce  available  that  the  site  of  antitoxin-fonnation  is 
in  the  organs  with  win'ch  toxins,  siieh  its  those  of  diphtheria  and  tetanus, 
very  prol>abIy  have  very  great  affinity.  Nor  is  thei*o  any  evidence 
pointing  to  any  tissue  as  the  special  focus  of  foiiuative  activity.  It 
must  be  remembered  here  that  as  yet  nothing  is  known  of  the  sources 
from  which  the  fluid  constituents  of  the  blood  are,  under  ordinary  con- 
ditions, derived ;  nor  do  we  know  whether  this  information  would  thmw 
light  on  the  problem  at  present  under  consideration.  We  shall  see  later 
that  the  ehicidation  of  the  questions  relating  to  immunity  has  bivught  to 
light  the  proluLbiiity  that  tlie  alI>uniinous  constituents  of  the  plasma  are 
of  a  most  varied  and  comjilex  character,  and  thus  may  have  more  than 
one  site  of  formation.  While  we  have  no  direct  evidence  of  an  organ 
susceptible  to  toxin  being  the  sito  of  antiU>xiri-formation,  we  must  here 
consider  whether  certain  obfiorvationa  of  Meyer  and  Kansom  do  not 
rather  militate  against  the  pruliability  of  such  a  s^jurce  of  antitoxin. 
We  have  spoken  of  thu  evidence  brought  forwani  by  these  obsen'ei-s 
wliich  points  to  the  axons  of  the  motor  nei  ves  being  the  patlis  b}'  which 
tetanus  toxin  reaches  the  central  nervous  system.  Tliey  have  fiuther 
observed  in  one  ex{>erinient  in  which  an  animal  waa  actively  immunised 
against  tetanus,  and  in  which  antitoxin  had  appeared  in  its  serum 
that  this  did  not  prevent  it  succumbing  to  the  injection  of  a  single 
M.L.D.  of  toxin  when  the  injection  was  made  into  u  jjeripheral  mixe<l 
nerve.  It  is  obvious  that  the  further  investigation  of  this  nuittcr  must 
be  looked  for  iinth  the  greatest  interest  Meantime,  it  is  difficult  to  see 
how  Ehrlichia  view  can  b^  reconciled  with  this  ol)servation.  Acconl- 
ing  to  that  view  in  immunisation  it  is  necessary  that  fresh  toxin 
should  constantly  be  fixed  in  the  susceptible  cells.  Yet  in  this  par- 
ticular instance  the  placing  of  toxin  in  a  situation  where  its  fixation 
is  especially  ciisy,  proves  that  the  susceptibility  of  the  cell  is  the  same  as 
if  no  immunisation-process  had  been  pnictiswl.  Again,  if  in  tetanus  the 
brain-celts  are  the  sites  of  antitoxin-formation,  one  would  suppose  that  in 
the  experiment  under  consideration  the  toxin  on  being  introduce*!  into 
the  cell  would  be  immediately  noutrali.sed  by  antitoxin  in  prooosa  of 
formation.  It  has  been  jrointed  out  (L'89)  that  if  Ehrlich*s  view  be 
accepted  difficulties  arise  as  to  the  incidents  of  an  ordinary  immunisation 
if,  aa  is  usual  in  the  later  stages,  unaltered  toxin  Ikj  injected.  The 
production  of  antitoxin  depends  on  the  fixation  of  this  toxin  in  the  cells ; 
but  if  this  fixation  occurs,  what  prevents  the  toxophorous  group  of  the 
toxin  working  pathogenelically  in  the  cells?  The  results  of  Meyer  and 
liansom'd  work  tend  to  make  an  answer  to  this  question  all  the  more 
necessary  now. 

iif.latitm  of  j4 ntUrixiii'ynuhictioH  to  ifLmsetptihility  la  Torin, — Wc  must 
nnw  consider  whether  the  development  of  insusceptibility  in  an  animal 
cell  is  necessjirily  corretate<l  with  the  capacity  of  antit^ixin-formation  in 
the  animal  of  which  the  resistant  cell  is  a  part  Dr.  Dean  (78)  stiites 
that  in  horses  prcnously  immunised  against  diphtheria,  but  in  which 


Antitoxiti-formntion  had  been  reduced  to  a  miniraiun,  the  animals  yet 
shewed  Ji  degree  of  resistance  to  fresh  injecliong  of  toxin  such  as  would 
not  have  occurred  in  untrcatctl  horses;  and  il  hfis  Ijeeii  shown  (288)  that 
in  immuniaing  guinea-pigs  a^inst  tetanus  in  the  eiii'ly  stages,  au  animal 
iy  not  have  iu  the  whole  serum  of  its  body  more  antitoxin  than  what 
stiflicienl  l^^  neutralise  a  fiftieth  part  of  the  toxin  which  can  he  injected 
into  it  without  any  result.  It  is,  further,  the  cxjierienee  of  workers 
in  *eninj  laboratories  that  some  animals  which  develop  a  considerable 
jxiwer  of  resiBtauco  yield  only  a  oorupHratively  wewk  antitoxic  serum. 
Then,  again,  an  animal  may  go  on  for  years  yielding  a  powerful 
antitoxin,  and  then  without  shewing  sitsccptibitity  to  the  toxin  may 
oeaae  to  respond  by  furnishing  an  equally  powerful  serum.  But 
\hc  most  striking  point  in  this  relation  is  the  phenomenon  of  hy])er- 
ctftuiUTen&is  whieh  hjis  been  ol>scrvcd  by  Behrin^'  (20,  p,  1051)  and 
oUieni  in  animals  bein;^  treated  for  antitoxin -pro<luction.  Behring 
_aoted  a  horse  which  had  been  for  some  time  immunised  against  tetanus 
yielded  a  gootl  antitoxic  serum.  On  a  fresh  toxin  injection  being 
ised  it  suffered  from  severe  symptoms  and  died.  The  symptoms 
were  not  those  of  t«tanaa,  but  consisted  of  fever,  loss  of  weiglit,  tnuBCular 
trvnora,  uml  weakness.  These  he  attributed  to  the  tetanus  toxin,  itself,  m 
antitoxiD  mil  prevent  toxin  causing  such  symptoms  to  ap|M>ar.  Similar 
aues  have  been  obsen'od  in  the  Pasteur  Institute  in  Paris  (''.  237» 
p.  387)»  and  Brieger  (44)  has  note*l  the  occurrence  of  death  from 
tetanus  in  a  horse  while  being  immunised  against  tetimus  and  while  poii- 
•Msing  in  its  senim  more  antitoxin  than  waa  necessary  to  neutralise  the 
dose  of  toxin  which  proved  fatal.  Again,  it  has  been  shewn  by  Knorr 
that  »  bypersensitiveness  to  tetantis  can  be  induced  in  grunejipigs  by 
injecting  ordinary  toxin  in  very  small  fractions  of  the  nn'nimal  lethal 
dote*  In  fact,  Behring  and  Kitafihinia  (21)  found  it  impossible  to 
inmunise  animals  against  tetanus  by  injecting  ordinary  toxin,  however 
cn»U  the  doses  wore  in  the  first  instance.  All  this,  aeeonling  to 
Behring,  points  to  the  Wew  that  in  immunisation  an  injury  is  done  to 
celU.  Such  facta,  taken  along  with  what  has  aheafly  been  sjiid,  lead  us 
to  conclude  not  only  that  we  know  nothing  of  the  site  of  antitoxin- 
prodojctjon,  but,  further,  that  we  must  leave  0|>cn  the  ((uestion  of  the 
identity  of  the  cafmctty  for  the  development  of  resistance  against  a  toxin 
wh)  of  the  (Opacity  of  pro4lucing  antitoxin. 

Notwithstinding  what  has  been  said  wo  must  admit  the  close 
}lism  which  exists  between  the  t>l>6erverl  iacta  and  the  BUp[>osition 
an  ti  toxin -prod  uctinn  the  constant  stimulation  of  the  animal  Ixidy 
toxin  leads  to  it  doing  more  and  more  work  in  the  fonn  of  a 
constantly  increasing  amiMuit  of  antitoxin  -  production.  Thus  Knorr 
•bewad  that  in  a  horse,  whose  blood  had  for  some  time  contained  per  c.c. 
A  con»tAnt  quantity  of  antitoxin,  the  injection  of  a  single  unit  of  toxin 
sthnidated  the  production  of  100.000  inmmnity  units.  It  has  also  been 
*1i  -i»  that  if  immunisation  against  tetanus  be  produced,  not  by 

iL  'II  of  constantly  increasing  doaes  of  toxin,  but  by  the  repeated 


injection  of  the  pume  amoiiiit,  there  is  a  gradiuil  and  progressive  rific  in 
the  antitoxin  content  of  the  animal's  blood.  In  such  an  exi>orimeiit>  Jift«r 
four  doaos  had  btron  Jidniinistered,  the  animals  so  treated  had  in  the 
whole  serum  of  the  body  sufficient  antitoxin  to  neutralise  only  two 
ALL.J>.  of  toxin.  In  animals  treated  with  aonble  the  amount  of  toxin, 
i.r.  that  contninc<l  in  eight  doaes,  the  serum  contained  enough  antitoxin  to 
neutralise  about  120  M.L.D.  There  was  thus  evidence  of  continued  and 
increiksiug  effect  produced  by  what  might  be  called  a  succession  of  e<|ual 
stimuli.  Such  a  result  is  compatible  with  the  conception  of  Weigert  that 
some  constantly  increasing  process  is  going  on  in  nniitoxinformatiou. 
This  process  is  not  indefinite  in  its  possibilities.  Dr.  Dean  (78)  and 
others  have  shewn,  as  already  statwl,  that  in  the  immunisation  of  horses 
for  the  purpose  of  obtaining  thera|)cutic  serums  a  jioint  is  reached  when, 
notwithstinding  fresh  doses  of  toxin,  mt  increjise  in  the  antiu>xic 
value  of  the  senim  occm*s  :  and  if  the  toxin  injections  be  stopped  the 
serum  shews  a  constant  decline  in  antitoxin  content.  Even  after  some 
years,  however,  the  serum  will  still  apjie^tr  m<M-e  antitoxic  than  that  of 
the  ordinary  horse,  and  now  a  rccommuiicoment  of  toxin  injection  vriW 
be  followed  by  a  rapid  development  of  nntitnxin, — more  rapid  than  wouM 
occur  in  a  horse  not  previously  treated.  l>r.  Dean  points  (mt  that  on 
Weigert'a  conception,  increased  side-chain  fonnalifm  will  only  occur  s<> 
long  as  the  executive  centre  of  the  cellular  protoplasm  is  uninjured,  and 
he  suggests  that  in  immunisation  such  an  iiijiuy  may  n^lly  occur  to  a 
slight  extent  at  every  injection.  In  process  of  time  the  injury  may  \*e 
siicb  that  it  finally  interferes  seriously  with  the  vital  activity  of  the  cell, 
and  prevents  the  fiuther  production  of  antitoxin.  Thwt  injury  may  be 
done  by  the  toxin  injoctious  caiTied  out  dtu-ing  an  immunisation,  is  also 
borne  out  by  an  interpretation  put  on  the  re^\dt  of  one  of  their  expcri 
nient^  by  Sahimonsen  and  Madsen  (300),  who  noticed  that  after  a  fresh 
toxin  injection  the  fall  of  the  antitoxic  value  of  the  serum  which  occurrc<l 
was  more  than  could  be  accounted  for  by  the  mere  neutralisation  by  the 
freiih  toxin  of  antitoxin  alrewly  formed.  They  suggest4^  that  not  only 
did  such  neutralisiition  occur,  but  that  there  was  also  a  temporary  diminu- 
tion of  production  of  antitoxin  by  the  active  cells.  Such  a  check  to  ^itat 
activity  is  consonant  with  the  occurrence  of  a  slight  injury.  The  sum- 
mation of  a  series  of  such  might  lead  ultimately  to  a  cessation  of  the 
capacity  of  the  cell  for  continued  increased  antitoxin  production.  In 
this  connexion  the  ipu'stion  arises  whether  in  rcjility  immunisation  is 
possible  without  such  slight  injury,  which  in  its  mildest  forms  may  bo 
called  a  stimulus.  In  other  words,  if  we  accept  Ehrlich's  view  of  the 
existenco  of  haptophoruus  and  toxophorous  groups  in  the  toxin  molecide 
OS  correct,  is  the  mere  constant  saturation  of  side-chains  in  the  cell,  by 
the  constant  taking  up  of  haptophorous  affinities,  by  it«elf  cjipable  of 
causing  the  appearance  of  antitoxin  in  the  i^rum  1  According  to  the 
hyjMjthosis,  three  factoi-s  must  contribute  to  this  result — first,  the  fixation 
of  the  tfjxin  ;  secondly,  the  over-production  of  j»ide-chains  ;  and  thirdly,  the 
casting  off  of  these  side  chains.     If  the  action  of  the  haptophorous  group 


>ne  ii  sufficient  for  the  production  of  thU  rusuli,  thuii  il  ought  to  occur 

ion  A  toxin  in  which  the  Inxophorouw  gioups  hdvu  lost  their  activity  is 
This  point  has  l)cen  worked  m  hy  Brack  (49),  w!io  investigated  ii 

U-uiits  toxin  which  (apparently  by  Ifvpse  of  time)  had  lost  ull  its  toxicity, 
but  ra«  still  able  to  combine  Avith  antitoxin,  us  was  shewn  !»y  the  obaerva- 
tion  that  when  it  was  added,  together  with  active  toxin,  to  an  otherwise 
nentrvl  mixture  of  the  latter  with  antitoxin,  the  mixtiue  was  found  to  be 
no  longer  neutrul ;  that  is,  according  to  Rhrlich  s  phrascolog}',  the  given 
amount  of  antitoxin  did  not  conUiin  fiutlicient  binding  affinities  to  saturate 
Ujih  those  of  the  non-toxic  anil  the  toxic  t<jxin.  This  nontoxic  toxin  was 
u****!  to  immunise  animale,  but  the  serura  of  those  itnimtils  did  not  shew 
any  antitoxic  power.  In  conijMrative  experiments  made  with  a  siniilnr 
toxin  which,  though  very  weak,  yet  shewe<l  some  tf>xic  power,  an  anti 
toxic  scrum  was  produced.  Bruck,  however,  obtained  evidence  tliat  the 
non-toxic  to?cin  waa  fixed  in  the  body  ;  thus,  if  it  were  injected  one 
hour  befoi*e  one  M.L.D.  of  active  toxin,  thi^  amonnt  of  toxin  was 
no  longer  sufficient  to  kill  the  test-animal.  The  deduction  is  that, 
aa  some  of  the  toxoid  w.'is  fixed  in  the  cells,  the  whole  f>f  the  active 
U>xin  coiild  not  now  gain  admission.  Bruck  also  found  what  he  inter- 
prets as  evidence  that  the  non-toxic  toxoid  stimulated  the  cells  to  pro- 
duce fre«h  »ide-chains ;  for  if  the  active  toxin  were  not  injected  til! 
lirenty-fonr  hourw  after  a  quantity  of  the  non-toxic  toxoid,  then  its 
M-L.I>.  was  less  than  usual,  that  is,  there  was  an  increased  susceptibility 
dtr^loped.  Here  Bruck  supposes  that  the  presence  of  the  nontoxic 
toxin  had  «timuUted  the  cells  to  form  new  »i<le-chains,  which,  however,  as 
tber  remained  attached  to  the  coll,  increased  its  ca])acity  for  binding*toxiD. 
ihax  ii,  increased  its  susceptibility.  The  view  taken  is  that  the  absence  of 
active  toxophorons  groups  in  the  non-toxic  toxin  prevented  one  of  their 
dTecte  in  the  cell  in  the  course  of  immunisation,  namely,  the  loosen- 
ing of  the  newJy  formed  side  chains.  These  observations  are  of  great 
inlens$i,  as  shewing  that  in  antitoxin-formations  something  more  than  the 
action  of  the  haptophorous  part  of  the  molecule  may  Ite  required.  It 
may  be  that  the  tnxophorous  group  acta  ae  the  cause  of  the  third 
Sactor  alluded  to  jis  necessary  }>efore  antitoxin  can  apj)ear  in  the  serum, 
namely,  the  detachment  of  the  aide-chains  from  tlie  cells.  It  is  clear, 
however,  that  a  jiresunied  injury  of  thi.'*  nature  does  not  account  for  the 
e%-idenc*  of  more  serious  interference  with  celhdar  activity  to  which  allu- 
sion ha£  been  made,  namely,  the  arrival  of  a  point  in  an  immunisation  when 

inrentty  the  cell  tvnds  to  lose  its  capacity  of  forming  new  side-chains. 

ic  whole  question,  concerned  as  it  is  with  the  inlei'pretation  of  indirect 
e\-i«leoce,  is  full  of  difficulty.  But  wo  must  be  prejMiretl  for  further 
invcstig&iioti  revealing  evidence  of  changes  in  the  cell  produced  l>y  the 
fKfi^onous  pan  of  the  loxin  molecule. 

Antttoxins  In  Relation  to  Recovery  from  Disease. — At  the  outset 
here  it  must  be  olwerved  that  undoubtedly  ordinary  animals  sometimes 
poeeess  in  their  serum  substances  capable  of  neutralising  to  a  small  degree 
bacterial   toxins.     Thus  it  has  been  shewn  with  regard   to   diphtheria 


toxin  by  Dtb.  Meade  Bolton,  Cobbett^  and  others,  that  the  aertim 
of  owliiiary  horses  oft«n  shews  a  certain  anlitfjxic  quality.  Similar 
observations  hnve  been  modo  on  tetanus  toxin,  and  Neisser  and 
Weehsberg  (254)  have  shewn  that  in  both  men  and  horses  there  some- 
times exists  A  normal  aiitistsipliyltilysin.  What  relation  these  normal 
antitoxins  bear  to  the  antitoxins  produced  by  immunisation  is  unknown. 
Kraus  (169)  fonnd  that  some  animals  possessed  a  normal  antitoxin 
towards  certain  vihriolysins,  but  he  states  that  the  normal  antitoxins 
muse,  to  produce  an  effect,  bo  in  contjict  with  the  toxin  for  a  longer 
time  than  was  necessary  in  the  case  of  the  immune  antitoxins,  ami  he 
inclines  to  the  belief  that  they  arc  distinct  subst^inces.  Whether  normal 
antitoxins  may  play  a  part  in  the  resistance  which  many  indiviiluals 
present  towards  certain  infections  we  cannot  say. 

With  regard  to  the  main  question  of  the  relation  of  ordinary  immune 
antitoxins  to  disease,  we  must  here  consider  two  questions :  firsts  in 
disease  arising  naturally  and  untreated,  does  the  capacity  of  antitoxin- 
production  play  a  part  in  reco\ery  (  secondly,  what  is  the  explanatioji 
of  the  undoubted  therapeutic  utility  of  such  an  antidote  as  diphtheria 
antitoxin  ?  With  regard  to  the  first,  it  must  be  noted  that  recovery  from 
untreated  disease  may  simply  be  due  to  a  non-fatal  dose  of  toxin  being 
absorbed.  The  bacteria  [c.fj,  in  diphtheria]  might  be  kille{l  by  the 
bactericidal  powers  of  the  body,  which  wo  shall  presently  discnss,  before 
they  have  secreted  a  fatal  amount  of  toxin. 

C'ompiiratively  little  work  hcis  been  done  bearing  on  the  part  which 
the  actual  formation  of  antitoxins  during  an  illness  may  play  in  the 
recovery  of  the  affected  individual.  According  to  Abel,  up  to  the 
eighth  day  after  the  commencement  of  an  atUick  of  diphtheria  there  is 
little  evidence  of  antitoxin  in  the  serum,  but  after  that  period  there  is 
often  a  protective  power  present,  which  may,  however,  disappear  in  a  few 
months'  time.  Abel  also  sUites  that  in  a  certivin  number  of  ordinary 
indinduals  such  pmtective  powers  natiu-ally  exist  in  the  serum,  and  to 
this  he  attributes  the  Don-susceptibility  to  the  disease  which  often  api)ear9 
to  exist  in  persons  exposed  to  infection.  Similar  results  have  l»een 
put  fnrwarrl  hy  Klemensiewic/  anil  Eacherich.  Although  it  may  1« 
true  that,  during  recovery  from  diphtfierin,  antitoxin  is  present  in  the 
bloo*l,  the  subject  requires  further  inquiry.  Even  if  the  fact  Ive  eatal*- 
lished,  it  by  no  means  follows  that  the  presence  of  antitoxin  free  in 
the  blood-plasma  is  the  cause  of  recovery.  We  may  state  it  as  a  possi- 
bility tliat  the  antitoxin  |>rtrsent  in  recovery  may  Iw  a  surplua  produc- 
tion of  the  cells,  to  whose  activity  was  due  the  neutralisation  of  the 
moiety  of  toxin  which  actually  prmluced  the  (wthogenetic  effects  mani- 
festcd.  A  not  utiimporiant  p(»iiit  in  this  eonne.xion  is  the  prophyhictic 
action  of  i^uch  an  antitoxin  as  that  of  diphtheria.  That  such  an  action 
really  exists  is  undoubted,  and  it  would  appear  as  if  the  manufacture 
of  the  toxin  by  the  diphtheria  bacillus  was  an  important  factor  in 
enabling  the  organism  to  giiin  the  atpacity  of  multiplying  on  the  bodily 
tissues. 
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With  regard  to  the  cause  of  the  therapeutic  action  of  antitoxins,  it 
»  obvious  that  oiir  ignorance  of  the  cMenlial  nature  of  the  toxin- 
antitoxin  reaction  noceAsimtefi  a  most  ciiutiouR  Ptat^nicnt.  Antitoxin, 
when  introduced  into  an  individual  suffering  from  diphtheria,  will  bo  in  n 
position  to  neutralise  toxin  absorbed  into  the  body  from  it*  site  of 
lomution  mibse^'iueiit  to  tlie  antitoxin  injection.  Such  an  elVect  docfl 
occur,  for  after  antitoxin  is  actually  in  the  blood,  very  large  multiples  of 
the  minimal  lethal  dase  of  a  toxin  can  be  injected  into  an  animal  without 
any  ImmI  results.  It  may  be  observed,  parenthetically,  that  auch  an 
occurrence  presents  some  difficulty,  if  Ehrlich's  view  of  the  production  of 
ihe  antihoily  in  aixscoptible  cells  l»v  correct;  for  if  in  :m  inimuuisatiou 
10  olitAin  a  therapeutic  serum  there  are  large  quantities  of  antitoxin  in 
jbe  blood,  how  does  any  definite  amount  of  unsaturated  toxin  reach  the 
in  which  it  i«  to  Rtimnlate  the  antitoxin-production  ? 

The  most  impoiiani  point  for  consideration  Iiere  is,  that  when  an 
anim&l  has  received  a  dose  of  a  toxin  which  is  inevitably  fatal,  and  when 
tutficiviit  time  has  elapsed  for  that  toxin  to  Ik?,  fixcfl  in  the  susceptihlo 
relik  the  fatal  result  cjui  be  prevented  by  the  injection  of  antitoxin. 
HcTKS  as  we  have  seen  from  the  experiments  of  Dnnitz,  the  longer  the 
intcrrval  elaptdng  between  the  toxin  injeition  and  the  antitoxin  injection 
the  greater  must  be  the  dose  of  antitoxin  to  avert  death.     It  is  highly 

^liable  that  toxin  fixed  in  the  ceils  must  in  some  way  have  its  action 

utralined.  In  what  this  neutralisation  consists  we  cannot  say,  but 
there  are  two  main  possibilities, — either  the  toxin  is  dctachcfl  from 
the  cell  and  carried  away  in  a  hjirmlcss  combination  with  antitoxin,  or 
its  toxic  action  is  neutralised     Current   thought,  liu'gely  in  conse<[uonco 

Ehrlich'a  hypothesis,  inclines  to  the  former  view,  and  there  is  much  to 

Ipport  such  an  attitude.     If  the  toxin-;uititoxin  rejiction  be  a  reversible 

(faen  the  l«thing  of  a  ct;!!,  in  which  toxin  was  fixed,  with  antitoxin  in 

teeDtmt«d  solution  woidd  cause  the  ctjuilibrium  of  the  combination  in 
the  cell  to  be  upset,  and  would  lead  to  fletachmeut  uf  toxin.  This  would 
happen  whatever  was  the  affinity  of  the  cell  for  the  toxin,  jis  eompartMl  with 
that  of  the  antitoxin  for  the  toxin,  though,  of  course,  if  the  latter  affinity 
were  le«»  than  the  fonuer,  a  greater  excess  of  antitoxin  would  l>e  re*|uircd 
10  detach  such  an  amount  of  toxin  iis  might  be  required  for  the  preven- 
tion of  death.  The  constant  rccuircncc  of  questions  aH'ccting  the  disso- 
ciation  of  the  toxin-antitoxin  reaction  is,  as  this  fresh  instance  shews, 
f«ry  striking.  It  apiR'are  necessaiy  to  assume  that  it  exists,  and  it 
appears  eqtully  necessary  to  assume  that,  if  the  occiurence  does  take 
plaoe,  it  should  have  its  limits.  Tliat  it  is  limited  in  the  body  is 
mlber  indicated  by  the  observation  of  Kehns  and  others  that  no 
imroanity  can  be  produced  in  an  animal  by  injecting  neutral  mixtures 
of  toxin  and  antitoxin.  Thi*  (liitcussion  of  any  explanation  which  might 
be  offered  of  the  facts  if  the  toxin-antitoxin  is  not  reversible,  would  involve 
Qi  in  pure  speculation.  ^Ve  can  only  say  that  any  explanation  of  the 
toxin-antitoxin  reaction  must  include  the  (explanation  of  the  undoubted 
therapeutic  effects  of  antitoxic  bodies.     In  conclusion  here,  wo  may  say 


that  white,  as  we  shall  see  later,  there  is  direct  e 


xpen 


mcritAl  evi( 


•of  some  substances  analogoub  to  toxiti  in  composition  being  actually 
detiichttble  from  their  combinationB  M-ith  cells,  no  e\'iilence  has  y 
been  fubluced  of  snch  detachability,  either  in  toxins  themselves  nor 
the  bo<Iie8  (#.j7.  complements)  most  closelj'  allied  to  them.  In  fact,  th 
available  evidence  is  rather  against  «uch  a  possibility.  We  muati  there- 
fore, be  prepared  for  a  complete  upheaval  of  our  ideas  on  the  whole 
subject. 
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General  Facts  regarding  Immunity  against  Bacterial  Invasion 

We  uuiat  now  nmsider  otir  kn<»wlu(lge  ri-gantiiig  iiiimuiiitv  in  thoso  l«iicteri;d 
diseaseis  in  which  the  pathogenetic  elVects  are  asscxjiatwl  with  the  active 
niiiltiplicalion  of  baeteriii  nilhin  the  b*xlily  lissiics,  whether  these  elioots 
are  local  or  general,  or  first  local  and  then  general.  As  we  have  nlrcady 
pointed  out,  in  discussing  the  general  pathogenetic  effects  of  bacteria,  »t>m^ 
organisms  never  [miss  beyond  the  focus  of  itiocidation^  and  apparently 
cannot  do  so.  The  effects  of  these  organisms  jire  due  to  the  elaboi'ntion 
of  the  soluble  toxins,  the  nature  of  which  has  been  discussed.  Other 
hacteria,  whether  in  reality  they  do  so  or  not,  can  niulti[)ly  in  a  wide- 
spread manner  in  the  body.  These  organisms  vcrj'  often  do  not  produce 
subettinces  of  the  nature  of  the  soluble  toxins  formed  by  the  diphtheina 
and  tetanus  bacilli,  though  in  certain  cjtses  it  is  pi-ol>able  snch  substances 
may  be  formed.  Here  the  toxic  pathogenetic  effects  are  probably 
caused  chiefly  by  intracellular  toxins.  In  the  aises  of  bacteria  forming 
soluble  |K>ison8,  if  iliusc  poisons  are  present  in  the  l)ody  in  suttieient 
amount  to  cause  death,  it  nmy  be  enough  for  the  recovery  of  the 
individual  that  the  i>oisons  are  neutralised.  The  l»acteria  ceaso  to 
multiply  and  die.  Wo  have  alreafly  refentid  to  this  in  spejilcing  of  the 
prophylactic  action  of  antitoxins.  On  the  other  hand,  and  esjieeially  in 
the  case  of  liaoteria  capiible  of  active  multiplication  in  the  tif^sues,  and 
acting  by  means  of  intracelbdar  poisons,  the  fii^t  essential  to  the  recovery 
of  the  individual  attacked  may  l>e  that  the  bacteria  should  be  killed, — as 
long  as  a  living  bact<irium  exista  within  the  Iwxly  it  is  a  source  of  danger. 
This  fundamental  point  must  be  borne  in  mind  iti  all  our  discussions  of 
immunity  againi^t  the  true  infeotinns,  as,  for  convenience,  infections  in 
which  there  is  an  active  proliferation  of  bacteria  in  the  tissues  may  be 
called. 

It  may  be  recdled  that  it  was  again.it  a  tnie  infection,  namely, 
chicken  cholera,  tliat  in  the  early  ])art  of  the  l)acterio logical  em  a 
means  of  establishing  immunity  was  devised  by  Pasteur.  This  was 
followe<l  by  his  immunisation  {2fiC)of  cattle  against  anthrax.  Since  that 
time  immunity  has  l>een  produced  against  many  such  diseases.  As 
examples  may  be  quoted  the  work  of  Marmorek  (21 1)  on  streptococcus 
infection,  Drs.  Eyre  and  Washlnjurn  (11^*)  on  pneumococcus  infection, 
Chantemesse  and  Widal  (70),  and   I'feiffer  <273)  on  artificial  tyj>hoid  in- 


I 


i 


lectioQ,  aiid  Sir  A.  E.  Wright  (361)  on  natural  infection  by  the  typhoid 

hafiilite,  WasaennaDii  and  Pfeiffer  <271,  281)  on  cholera  infection,  Vwsiii. 

CiIB6U«  and  Boirel  (379,  3S0)  on  infection  with  pla^n\     In  all  these 

ONI  the  procedures  adopted  arc   of  a   Mmilar  kind,  and   in   all  cases 

wb^rean  iinmnriity  is  devclo[>ed   that  immunity  is  sjwciHc,   i.e.   is  only 

inukble  against  the  orpinisni  <jri^inat,ing  \L     Immunity  in  ohtainud  hy 

ODploTing  as  tho  immunising  agent  the  protoplasm  of  the  bacteria  con- 

onued.    Though  wo  shall  have  to  consider  the  efl'ect*  observed  in  certain 

MM  by  sabfttituting  substam-es  dt'nve<l  from  that  prniopl:i»m,  it  is  well 

in  lie  first  place  to  confine  attention  to  the  immnnising  effects  of  the 

acnul  boditsi  of   tho  or^anuims.     Though  sometimes   immnnisiition   has 

H«ii  commenced  with  small  iloses  of  a  >-irulcnt  culture,  it  is  uaiud  in  the 

arjj  stages   to  employ  some  means  for   decreasing    the   pathogenetic 

tttnnty  ofthe  liacU^rial  protophism.    Sometimes  this  is  heated  and  thereby 

ltLllc(l,ftometimcs  it  is  killed  by  chloroform  vapour,  sometimes  living  cultures 

»bow  capacities  have  Iteen  depressed  by  longcontinued  growth  outride 

the  animal  body — so-called  weak  or  non-vindent  cultures — are  employed. 

In  ihe  first  two  cases,  as  we  have  seen  when  speaking  of  intnioelbUar 

Inxins,  we  have  roateiial  which  has  tho  capacity  of  pro<Jucing  disea^^e 

efffcta — fever,   wasting, — but   has   lost   the  caimcity  for  multipliaition. 

Uith  rcpird  to  the  last  ease,  the  explanation  of  wciikncss  of  virulence 

his  »tiU   to  be  discussed.     It   is  always  necessary  U>  commence   with 

anall   duse-s  of  the    immunising  a^erit,    and    to  inei'casQ   the   dose    only 

irith  great  cAPe,  especially  when  the  injection  of  weak  cultures  is  followed 

hv    the    use   of   virulent    cultures.     Generally    speaking,    immunisation 

Against  bacterial  infection  is  very  much  more  difficult  than  the  immunisa- 

dou«  against  the  intoxications  we  have  hitherto  considered,  and  much 

greater  care  mtist  be  exercised.    This  is  esjtecially  neceflsary,  as  apparently 

the  e»t)ciency  of  the  injections  in  certain  wises  appejirs  to  depend  on  their 

producing    transient    disease  manifestations.       A    degree   of    immunity 

fr&pienll}*  manifests  itself   very  soon   after  the  cnnunencBmerit   of   the 

treatment.     Thus  amongst  Wasaermann's  {^^'i)  experiments  was  one  in 

which  the  injection  of  half  the  fatal  dose  of  dead  cholera-bacteria  into  a 

inea  pig  remlered  it  capable  of  ."lupporting  four  <lays  later  the  injection 

foiu-   M.L.D.  of  living  vibrios.      To  give  an  idea  of  the  tolerance  that 

may  )>e  develope^I   in  such  immunisations,  an  experiment  of  Marmorek 

(214^  may  be  f)Uote<l.  in  which  a  horse,  commencing  with  a  dose  of  -75  c.c. 

of  a  living  culture,  of  which  '001  killed  a  rabbit,  could  tolerate  at  the  end 

of  fomo  months  a  dose  of  40  c.c.     Reckoning  this  progress  of  toleration 

in  minimal  lethal  doses,  it  is,  however,  slow  compared  with  what  might 

Ik*  oltservcfi  in  immunisation  against  a  soluble  toxin. 

The  Development  of  Bactericidal  Serums. — In  immunity  against 
rtcrial  invasion,  as  in  the  reacti<jn  against  soluble  toxins,  rh-in^cs  often 
in  tho  bloodsomra  of  the  immunised  animal,  and  we  can  lay  down 
aa  a  tbeeis  that,  in  certain  cases  it  ha»  hren  gfu'U-n  thot  ihr  sermn  of  im 
amimat  immunifrd  Ofjnivsl  Imdrrud  invfision  couitiin.*  fuhntmires  hiittiml  to  the 
ii/f  of  ihf  inr^uUntj  W/^-z-m,  nii'/ withiu  limitiitions  thn^  suh^tuneas  can  he 


asadfor  the  passive  immurtisation  of  another  anivuil  aijnxnd  the  ejKciJie  hacicrium. 
lehirh  M'igiiMiftl  th^'Hi. 

We  may  illusti>ato  this  last  position  by  an  example  from  Marmorek's 
work — -*2  c.c.  of  the  seniin  of  a  horae  highly  iniinunised  against  the 
Strfptfirocrus  pyoffriifsi  if  injected  into  a  rabhit  12  to  18  honrs 
before  inoculation  with  t^nce  the  M.L.U.  of  linng  streptococci,  was 
iitiflicient  to  prot-ect  the  animal  against  illness.  Further,  the  injection  of 
the  same  aerum  21  to  30  horn's  after  inoculation  with  ordinary  strepto- 
coccus cultures  prevented  the  fatal  efl'oct  which  otherwise  would  have 
resultetl.  Of  the  hitjh'd  imjiortunce-  hrre  w  i}i£  fad  (hot  there,  w  n  limit  to  the 
nujtAer  of  minimal  kthid  ditnes  of  linn<j  cultures  whose  action  can  hf  nridral- 
i/ifd  Inj  intcJi  a  s«nim.  In  this  respect  these  antiliacterial  sorums  differ 
markedly  from  the  antitoxic  serums.  Thus  Wasseimann  (344),  in  study- 
ing the  cflect  of  a  seinim  on  the  typhoid  infection  of  guinca-pige,  found 
that  such  serum  coidd  have  no  protective  action  if  more  than  a 
very  few  M.L.D.  were  administered.  The  liniitAtions  to  which,  as  we 
shall  aftenvards  see,  the  therai>cutic  application  of  this  class  of  scrums  is 
thus  subject  have  bad  the  efl'ect  of  directing  investigation  regarding  anti- 
bacterial serums  into  strictly  scientific  lines.  Attention  has  l>een  chiefly 
paid,  on  the  one  hand,  to  the  phenomena  of  the  natural  resistance  to  and 
of  the  recovery  from  this  class  of  diseases ;  and,  on  the  other,  to  the 
problems  concerned  in  the  origin  of  the  aiitiWterial  serums,  of  whoso 
development  during  certain  Ijacterial  immunisation s  there  con  be  no 
doubt. 

In  discussing  the  subject  wo  shall  first  examine  fully  the  facta  known 
and  the  hypotheses  held  regarding  the  nature  of  these  scrums,  and  then 
consider  the  problem  of  cellular  activities  in  relation  to  the  origin  and 
action  of  these  serums. 

We  have  seen  thjit  in  the  diseases  in  question  there  is  evidence  that  the 
cellular  contents  of  the  ciiusiil  Imcteria  are  highly  toxic  It  is  natural  from 
what  has  been  said  regiirding  the  action  of  antitoxic  aeioims  on  cxtrucellulai- 
solublo  toxins,  that  we  should  inquire  whether  the  antibacterial  scrums 
possess  analogous  neutralising  etfect«  on  the  intracellular  bacterial  toxins. 
Pfeiflcr  and  Wassermann  (2^1)  found  ihat  this  was  not  the  case.  Work- 
ing on  guinea  pigs  with  intraj)eritoncal  injections  of  outicholera  serum, 
the}'  observed  that  these  had  no  ellect  on  the  pathogenetic  action  of  cbok-ra 
vibrios  killed  by  chloroform  va|>our,  and  likewise  introduced  inti-aperitone- 
ally.  The  pathogenetic  action  was  the  same  in  animals  treated  with 
serum  and  in  those  untreated.  Further,  if  the  killed  bacteria  and  the 
anticholem  serum  were  left  in  contact  for  24  hours  before  injection 
into  a  guinea-pig,  there  was  no  evidence  of  any  interaction  having  taken 
place  in  vitro  between  the  Kubstfuices.  Thus  the  Kcrum  had  no  ueutml- 
ising  effect  on  the  intracellular  poisons.  What  it  docs  do  when  it 
neutralises  the  effects  of  the  infection  was  indicated  by  other  experi- 
ments of  the  olwervers  mcntione<i.  In  one  sBrum  injection,  instead  of 
deafi  vibrios  being  injcctcil,  an  equivalent  amount  of  living  vibrios  were 
introduced.     The  intracellular  toxin  thus  injected  killed  the  animal,  but 


mi  imtia^  the  peritoneal  exudation  it  was  found  that  practically  no  living 
Tilirw*  were  left,  ihougli  microscopically  many  degenerated  foniia  could 
beobMrvcd  to  l>e  present — chieHy  within  the  leiicocytea.     Thus  an  unti- 
bttterial  ftrrum  will  only  save  an  animal  if  it  helps  the  animal  to  kill  the 
infwling  bacteria  before  these  have  elaborated  one  minimal  lethal  dose  of 
iJie  eatlotoxins.     The  general  tendency  at  these  olwervations  is  to  iiidicato 
tbtsii  antibacterial  serum  ovren  its  action  not,  as  in  the  case  of  an  anti- 
iaxk  semm,   to   its  cafuicity  of    neutralising    the   toxins   produced    by 
ihf  Iwctoria,  but  to  its  fMjuer  of  killing  the  Iwoieria.     M'e  f*hall  later 
liiKUfis  this  pftint  in  detail,  hut  meantime  it  is  well  to  keep  this  possi- 
bility constjintly  in  the  foregmmid.     AVhether  the  antithesiw  Wtween  the 
Drill nllsat ion  of  intracellular  toxins  ami  the  killing  of  the  bacteria  con- 
tuning'  them  is  nnivei*sal!y  valid  or  not,  it  is  ceitainl}*  the  case,  as  has 
l«cn  indicateii,  that  in  immunisation  a^inst  true  bacterial  infection  the 
cvcntinl  feature  is  the  development  on  the  part  of  the  immunised  animal 
oiihe  cn|uicity  of  killing  the  causal  bacteria  of  the  disease  against  which 
it  ii  l)eiiig  immunised.    When  this  capacity  is  roHected  in  special  pioperties 
in  the  animal's  senmi  the  latter  is  known  as  a  IfOderidJnl  serutn  to  dis- 
tio^uisb  it  from  senuns  which  are  merely  antitoxic  in  quality.     We  have 
Uken  ad  an  example  of  such  a  serum  that  which  is  developed  in  auti- 
eholera  inoculations.     It  w  lejy  athvuiMr  h  hrar  in  mind  thai  in  most  of  the 
Wort  danf-  (m  harterir.idal  i<mim.%  (fii.-i  srrum  and  thr  ttn/Uifphtnd  wrw?rt  fitrre  Iteen 
liu  mai/t  sultjerts  of  inquiry,      fl'hrthtrr  the  /arts  asffitaiiwd  irgordiuo  lht9t 
hrt)  frntvt^  (i/Y  tru<^  of  ot/n'r  Sfrunis  ig  (t}*fn  ta  qwMion. 

The  Pfeiffer  Phenomenon. — The  existence  of  bactericidal  serums  l>eing 
thus  established,  wo  pass  to  consider  certain  cardinal  facts  oltserved 
n^gmrdin^  their  reactions  which  fonn  the  basis  for  all  the  reasoning 
regarding  tfieir  imture,  Tlie  :itiirting-point  of  all  recent  work  here  lies  in 
what  is  known  as  the  "Pfeiffer  phenomenon.*'  Pfeitfer  (ii7i')  having 
immunise*.!  a  guineji-pig  by  a  culture  killed  with  ohloi-ofomi,  injected  intra- 
peritoneully  a  ijujintity  of  living  Uicilli  insutticient  to  cause  death,  and  from 
time  to  time  withdrew  by  capillary  tulxss  small  amounts  of  fluid  from  the 
periloneain,  and  examined  the  condition  of  the  Iwcteria.  He  foniul  that 
in  a  cijniijwnitlvely  short  time  the  vibrios  l>ecanie  niorionloss,  .swollen  into 
roQnd  coccus  like  bodies,  and  finally  disappeared.  The  same  scipience  of 
ercntii  was  obBer\'e4]  when  anticholera  &erum  was  introdiu-etl  together  with 
lirifig  nbrios  into  the  peritoneal  cavity  of  a  non-immunised  animal.  This 
is  the  essence  of  the  "Pfeiffer  phenomenon,"  but  the  importance  of  the 
of  this  olwerver  really  lies  in  the  further  ol>servation  UkiL  if  the 
cholera  scrum  lie  heated  for  an  hour  at  60'  C,  it  still  has  the  procec 
tire  effect  when  introduced  with  cholera  vibrias  into  the  peritoneal 
ovity  of  a  non-immuniHed  animal.  Tiii>«,  taken  along  with  th<i  fa<^t  that 
nieh  heated  serum  shewed  no  bactericidal  action  on  cholera  vibrios  out- 
iuie  the  body,  Iwl  Pfeiffer  to  consider  that  the  anticholera  serum  in  itself 
did  not  contain  the  bactericidal  principle  whose  action  could  be  observed 
tn  the  non-immunised  animal,  but  that  in  it  there  was  some  principle 
vhich  (timulated  the  production  in  the  nonimmuniised  animal  of  bacteri- 
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cidal  fiiibstancea.  Following  on  this  ileduction  cumu  the  epoch-making* 
observiilioii  of  Bordet  (34),  which  muiit  be  considered  as  the  starting- 
fKiirit  for  hII  recent  research,  iirid  which  haa  ^ven  the  key  to  the  true 
nature  of  bactonci<lal  uctioii.  Bordet  took  the  sertim  of  a  ginncapig 
immunised  against  cholera  anti  heated  it  for  one  hour  at  58"  C  He 
then  mixed  with  it  a  little  of  a  culture  of  cholem,  arnl  removing  from 
time  to  time  small  quantities,  tosn^l  thorn  to  see  whether  the  biictcria 
were  stilt  alive ;  like  Pfeiffor,  he  could  observe  no  bactericidal  action. 
He  now  added  to  tlio  ariticholera  scrum  a  little  serum  from  a  nem- 
immunised  guinea-pig  (this  scrum  also  by  itself  had  no  power  to  kill  tlie 
cholei"a  vibrio),  and  he  found  that  the  mixture  vnw  strongly  bactericidal. 
Thus  in  this  experiment  two  Hubstancoit  were  apparently  necessary  to 
produce  the  bactericidal  effect — one  in  the  iinticholera  Benim  and  one  in 
the  serum  of  the  non-immune  animal.  Xeither  serum  alone  was  Itjicteri- 
cidal,  but  acting  together  a  hactorieidal  effect  was  pioduced.  In  future 
we  shall,  in  describing  such  effects,  speak  of  the  serum  from  an  immunised 
animal  iis  "immuite  Burum,"  and  of  the  serum  from  a  non-immuniKe<l 
animal  us  "  fresh  serum."  Further,  Bordet  found  that  heating  this  fresh 
serum  for  five  miimtes  to  55  C  destroyed  its  cajKicity  of  becomingf 
when  associated  with  the  immiuie  serum,  a  bjictericidal  agent.  The 
essential  subtntancc  in  the  fresh  senim  was  thus  susceptible  to  a  mo<lcrfttc 
degree  of  heat,  and  such  substances  are  often  thus  described  as  "  ther- 
molabile/'  while  the  subsUiuccH  in  immune  serums,  which  arc  more  reaist- 
ant  to  heat,  are  often  referred  to  tis  "  thermostable."  In  the  heating 
of  the  serum  in  Bordet's  experiment,  any  thermolabile  substance 
present  which  might  have  had  a  similar  effect  to  that  of  the 
thermolabile  substance  of  the  fresh  serum  woiUd  have  had  its  action 
deatroyeiL  Another  observation  made  with  this  immune  serum  was  that 
\t»  mixture  with  fresh  serum  wiw  bactericidid  only  for  the  cholera  vibrio. 
In  other  words,  the  action  of  the  thermostable  sulistanee  was  specific. 
Wo  shall  find  later  that  the  inquiry  whether  similar  8i>ecifidty  holds  for 
the  tliermolabile  body  oj>enH  up  a  complex  <picsti<in.  From  our  present 
standpoint  the  important  {>oint«  arc,  on  the  one  hand,  the  existence  of  the 
two  classes  of  bodies  and  the  necessity  for  their  inteniction  in  producing 
a  bactericidal  effect,  and,  on  the  other  hjind,  the  diflerent  eftects  of  heat 
ui>on  them.  The  existence  of  similar  classes  of  botlies  ^vith  siuiilar  pro- 
perties has  been  demonstrated  in  the  cases  of  other  bactericidal  serums.  Aft 
examples  of  the  work  done  in  this  direction,  reference  may  he  made  to 
the  work  of  Wassemiann  {'M'}),  Ainley  Walker  (;i3''S),  Pfeiffor  and  Kolle 
(278)  on  typhoid  infection,  and  of  Neisscr  and  Wechsberg  (254)  on 
infection  with  the  vibno  Mdchnikovi. 

As  the  result  of  the  ol>scnations  of  Pfeiffer  and  Bonlet  a  great 
number  of  investigations  have  Iwen  made.  The  objects  of  these  researehes 
have  been,  on  the  one  hand,  the  correlation  of  the  facts  just  described  with 
facta  already  known,  and.  on  the  other,  the  elucidation  of  the  problenwj 
which  new  results  seem  to  open  up.  These  researches  may  for  con- 
venience be  classed  in  two  groujjs :  in  the  first  place,  those  which  have 
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to  do  irith  the  nature  and  interactions  of  the  thermolabile  and  therrao- 
iOihle  elements  in  bactericidal  action,  and,  secondly,  those  which  have  a 
Iwnng  on  the  sources  of  these  materials  in  the  bo<ly.  iiiid  the  idtlinatc 
relaliiiri  which  they  bear  to  the  essential  phenomena  of  immunity.  Wu 
liull  'leal  with  these  two  cla-sses  of  research  in  turn.  We  shall  first 
kuk  at  ibe  nature  of  the  LherniohtI)ile  and  thermostable  elements  in 
'oKlcncidal  action  and  the  nature  of  the  interaction  between  these  two 
elsment^. 

Stynificiitice  of  JfacterioJi/Ais. — Frequently,  but  probably  not  invariably, 
the  d(»truct4on  of  a  Iwcterium  by  an  immune  serum  is  associated  with  a 
"TfUing  up  and  ultimate  di«jip|)eai-anue  of  the  bjicterial  cell,  smii  as  wjik 
fiffinally  observed  by  PfeiUer  for  the  cholera  vibrio,  Pfeitfc'r  and 
K'jJio  (276),  for  instance,  observed  this  with  typhoid  immune  serum. 
This  phenomenon  is  nsiially  referred  to  an  l^acteriolysis.  Whether 
tlii  liftcteriolysis  is  the  essential  factor  in  the  killing  of  the  bacterial 
(Wis  by  an  immune  serum  is  a  rjueation  which  at  present  cannot  be 
'lefinilely  answered,  but  the  association  of  the  two  phenomena  lias  for 
fii«  following  reason  constituted  a  very  important  fuctor  in  the  scientific 
investigation  of  the  nature  of  the  thermolabile  and  thermostable  bodies 
iiiiw  under  cori!*i deration. 

The  Analogies  between  Bacteriolytic  and  Hsemolytic  Serums. — Soon 

i/ut  his  work  on  the  bacteriolysis  of  the  cholera  vil»rio  by  the  combined 

ffforts  of  heated  immune  serum  and  fre.sh  serum,  Bordet  (;1G)  poinlcil  out 

fiif  analo^cs  between  the  proj>crties  of  the  soruma  of  animals  immunised 

fl^in«t  bacterial  infection,  and  those  of  the  serums  of  animals  inUj  which 

repeated  doses  of   red   Iilooil-eorpusclcs  frrmi  another  s|)ecie&  of  animal 

had  been  injecte<l.     Thus  a  guinea-pig  is  taken  and  every  three  days 

•Y  c,c,   feay,   iif    the    detibrinaled   bluod    of   a   rabbit    is    injected    intra- 

[lerit^jnuHlly.     This  is  done  on  six  occasions.      The  animal  usually  suH'ers 

Utile  inconvenience,  though  if  excessive  doses  be  uslmI  at  the  outset  it 

niay  die.     At  the  end  of  this  immunisation-period,  as  it  may  ^tv  called, 

the  Aiiimal  is  bled  and  the  scrum  sepju^^ted.     It  is  then  found  that  this 

MTnm  is  able  to  utuso  a  solution  of  the  red  blood-corpusclos  of  the 

rabbit.      If  injected  into  a  rabbit  in  sufficient  ((tiantity  the  rabbit  will  die 

intm  an  iutnivjiscuhir  haemolysis  (see    Bordet  (38),   C'anlacuzcne   (68)), 

but   in  addition,  and  this  is  more   imjMjrtant,   the  scrum   w*ill   cause   a 

hiemolysia  in  ritro.     The  method   is  to  take  defibrinatml  blood 

ibit  and  add  it  to   S  [>cr  cent  solution  of  sodium  chloride  in  the 

aon  of  five  parts  of  blootl  in  one  bundled  of  the  diluent.     This 

>  per  cent  sus[>enBion  of  blood  is  placed   in  quantities  of,  say,  10  c.c.  in 

A  iene*  of  test-tul>es,  small  quantities  of  the  immune  serum  are  added, 

tKe  lubes  are  set  to  stand  in  an  incubatttr  or  waler-bath  at  37'  C  for  two 

koara.     At  the  end  of  this  time  it  will  be  found  that  the  luemogtobin  will 

Ihito  dissi^lved  out  of  the  corpuscles  into  the  SJilt  solution  in  amount  varying 

with  the  amount  of  serum  addt^J,  and  in  the  tubes  containing  the  largest 

amotuit  of  serum  the  tluid  will  lie  fpiile  dear  and  contain  no  vestige  of  the 

fvd  cells  in  a  formed  eomlition.     In  tliis  case  the  haemolysis  is  complete.     It 


is  needless  to  say  that  if  a  quantity  of  the  simple  suspension  of  corpuscle 
in  suit  solution  he  placed  under  siniiUr  conditions  all  th^t  will  happen  (i 
hwraolytic  bactoria  be  excludevl)  will  be  a  sitiking  of  the  i-ed  cells  to  th 
bottom  of  the  tul>e.  By  further  investigation  of  this  phenomenon  Bopde 
found  that  the  immune  senun  lost  its  hiemolytic  action  if  heated  U 
So'  I '.  for  half  an  hour ;  but  if  to  this  heated  senim  there  be  added  a  amal 
quantity  of  the  serum  of  a  "fresh"  gninea-pig  (which  in  itself  hm 
no  hi«nioIytic  action  on  rabbit's  corpuscles)  then  the  c«jmbined  ivction  of  thi 
two  serums  was  to  ])roduce  hfemolysis,  just  as  happened!  in  similar  cireiim 
stances  with  cholera  immune  scrum.  Further,  it  was  foimd  that  th( 
immune  serum  prtxiuced  by  the  injection  of  rabbit's  corpuscles  into  tbi 
guinea-pig  was  almost  if  tiot  entirely  sjMieiiic,  i.e.  the  guiucii-pi^  seriin 
had  little  or  no  effect  on  the  corpuscles  of  other  animal  species.  Thi 
discovery  by  Bordet  of  the  possibility  of  obtaining  serums  having  lytii 
actions  on  rod  blood -coqjuscles  similar  to  the  lytic  actions  of  bactericida 
serums  on  bacteriii,  placed  in  the  hands  of  invostigtitors  a  method  of  Un 
greatest  importance  for  examining  the  nature  of  the  intemctioni 
of  the  thoi-nioliibile  and  thermostable  bodies.  The  tuunbcr  of  ha-molytii 
immune  serums  obtainable  is  very  great.  Further,  as  the  experiment 
are  ilone  )/*  rr//»v>,  and  are  completed  in  a  few  huura,  results  can  b 
quickly  obtained,  and  tbo  exactitude  with  which  quantities  of  th< 
substances  employed  can  l>o  measured  adds  to  the  validity  of  amy 
deductiotw  drawn.  As  a  result  u  very  great  mass  of  work  bus  boon  don< 
on  the  nature  of  the  reactions  of  the  bodies  concerned  in  b(emol3'sis,  ant 
it  is  necessary  for  us  to  consider  at  some  length  the  questions  raisod  ii 
the  researches  In  which  this  work  is  detailed.  //  is  well  to  Teinembrr  thn 
the  chief  justiji^iitvtn  for  tfie-  hihutu'  thtit  iuts  beta  expended  m  investi^ttiug  th 
p/u'noniemt  of  kivmoltftk  sentms  lirs  in  th  anaiotjt/,  whtcltfrom  ifte  point  of  ritw  0 
immuniiiff  tfie  fumlament.(d  ftids  U-tir  io  tfie  facts  hunon  re^mltny  baclcriaUk 
and  hictnif.ithl  scmms.  ^M 

Terminoloijfj. — -At  the  outset  it  will  be  well  to  add  to  the  terminologi 
already  used  regiuxling  the  l»a<,'teriolytic  and  ha;niolytic  senjms.  We  hav« 
defined  the  terms  "immune  scrum '*  and  "fresh  serum."  We  mus 
recognise  the  terms  which  are  employed  to  particularise  the  thermostabli 
and  tfaermolabilo  snbstuncus  occurring  in  connexion  with  thcae  serums 
The  thermostable  element,  which  is  the  specific  substance  of  the  immim^ 
serum,  i.e.  that  element  which  the  proccs.i  of  immvnis>tiinn  adds  to  tJie  (mlinon 
mnstUuenis  of  the  serum  of  tlw  intinuil  ivtmnmsrd^  is  usually  called  in  thi 
country  and  Germany  the  "immune  botly,"  or  (from  Ehrlicb's  view  of  it 
constitution)  "amboceptor";  in  France  it  is  sometimes  known  as  th< 
*^Jixateur  *'  or  "  h  suhstanee.  sewdbiiisittrice"  The  thermolabile  body  whici 
occurs  in  immune  serum  is  merely  a  My  pjrscitt  in  the  ordiwvry  scrum  of  i 
"frrsh,"  i.e.  iwn-ijnmunised  animal.  It  is  called  in  thi.s  country  ant 
Oermany  "  complement,"  occasionally  "  addiment " ;  in  France  it  ii 
fre^juontly  referi-ed  to  as  the  *'<ik.rin."  It  caimot  be  too  empbaticaU3 
insisted  on  thai  the  amount  of  complement  in  an  immune  senmi  is  eithe' 
not  at  all  inci*ea«ed  during  the  immunisation  process,  or  at  any  rate  doa 
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not  Dcciu-  in  amounts  t4i  any  extent  greater  than  wbat  nuiy  occur  in  ordinary 

fcrum.    This  statemont  wiis  onginall}'  marie  by  v.  Dungcni  (02),  and  is 

gtneniiy  accepted.     Dr.  Ainley  VVjiIker  (338)  ha^,  however,  pointed  out 

tlnit  w>a  a  rise  in  comjilenierit  during  immunisation   in   thi^  &ihvj6  in- 

»i-3ti^trd  hy  v.  I>ungern.     There  is  no  doubt  that  the  question   of  the 

uiiilions  in  complement  which  are  observable  both  in  health  and  during 

^OiBHUii&ition   rettuiroA   further  sturiy.      It  i»  cerbtinly  tnie  tliat  if  any 

tiKHMf  of  complement  does   take  place  in  the  latter  contingency  the 

llottlamount  is  not  proportionid  to  the  amount  of  immune  body  which 

t|)[nrD  in  the  seriuu  even  after  a  very  ahurt  immunisation. 

l*Dheatcd  immune  serum  thus  contains  immune  body  and  complement. 
iBwtin^  the  «erum  to  about  5.')  C  for  half  an  hour  dujitrrivs  the  action  of 
Ikecouplement  and  leaves  in  the  immune  serum  oidy  tlie  '*  immune  )>ody." 
Trwh  serum"  contains  only  "complement,"  which  can  have  its  action 
liatmjcd  by  heat  jt*  licfore.  Heated  immune  senun  i»  conunonly  4i>o1<en 
oi  <u  giTum  "inaotivalod  by  heat^"  and  when  eumplcment  is  added  to 
1  >  serum  the  latter  is  said  to  be  "  activated ''  or  *'  reactivated  "  by  the 
•  i..;iiin  uf  such  and  such  complement. 

Ehrllch's  Work  on  Hiemolyilc  Serums.— The  thiuf  wurkere  in  con- 

ttiirion  with  the  nature  of  h.a*molytic  action  and  of  the  relationship  of 

iiuniimo  body  and  complement  are  Ehrtich  and  Morgenmth  (108).     Tboir 

fif*  is  an  extension  of  Ehrlich's  conception  as  ttt  the  constitution  of 

H'liible  toxins.     Briefly  stated  it  is  this :  in  an  immune  serum  the  com 

pfciuant  is  t-hd  irssential  factor  aiu.siiitr  that  change  in   the  behavioiir  nf 

lIiL'  prutoplaiim  of   the  red  cells  which   results  in   iho  liberation  of  the 

lumiuglobiii    and    swelling   uf    the    protoplasm   called    hajmol^'sis.       Thtj 

-0ND2ilement  (hies  so  in  virtue  of  possessing  a  molecular  aflinity  which  we 

It  look  on  as  analogous  to  or  as  corresponding  to  the  toxophorous 

ity  of  the  toxin-     Further,  the  complement   has  a  second  aAinity 

oomcponding  to  the  haptopliornus  attinity  of  tlie  toxin  molecule.     This 

iuj^tophor^ius  artiriity,   however,  does  not  con-eapoiid   to,  ami  (tatmot  be 

vftturatr^  by,  any  alhnity  in  thu  pixjtoptasm  of  the  red  corpuscles.      It  is 

bere    that    the   imnmtie    iHnly   plays   its    part.     The  immune  body  has 

iiwi&ot3't)c  ertect  on  the  red  cells.     But  in  it  are  two  baptophorous 

itiea;    one  of  these  can   link  on  to  corresponding  affinities  in   the 

dar    protoplasm,    while    the   other    can    satunite    the    liaptophorotis 

lity    of    complement.       In    this    way    through    the    ititerniediary    of 

Immnnc  body  complement  can  become  attached   to  a  red  coll,  and  once 

:hc*l  the  actively  ha;molytic  affinity  can  exert  its  action  in  causing 

itiou  uf  the  celhdar  continuity. 

VTo  shall  describe  the  fundament4d  experiment  on  which  this  view  is 

bued.      An  immmie  serum  capabU-  of  dissolving  sheep's  coqiuKcle.-*  wa-s 

ofataitiecl   by  injecting  sheep's   bloo<i   into  a   go;it,     A  quantity  of  Ihib 

inuctivaterl    by  heat  was    mixed   with    a    suspension    of    sheep's 

;les   anil    placed    at   40""   C    for   15    niinuteji.      The    mi.xture    was 

fuged  .'ind  the  eorpuficles  were  in  this  way  prociijjlatcd  from  the 

fltiid  in  which   they  were  suspended.     By  decanting  this  fluid  off  the 
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precipitate,  the  fluid  and  corpuBcolar  olementa  present  in  the  origiiti 
mixture  coultl  be  easily  supai-ated  from  one  another.  E&ch  j»a.rt 
then  testetl  with  the  object  of  fiiitiiiig  whether  aiiytliing  bad  happened  to  j 
the  immune  body  of  the  inactivated  aenim  durins;  the  lime  it  hud  been  in 
GOiit;ict  with  the  corpuscles^  and  especially  to  find  whether  any  reaction 
had  tfiken  place  between  the  immune  ))ody  au<l  the  corpuscles.  This  conld 
be  easily  done  by  taking  advantage  of  the  fact  that  for  this,  as  for  any 
hiemolysts  by  a  serum,  three  factors  are  necHssHr3' :  in  the  first  place  the 
appropriate  corpU8cle8,  secondly  the  approj^rjato  immune  body,  thirdly 
complement.  The  presence  of  any  two  of  these  factors  can  be  detected 
by  supplying  the  third, — the  presence  of  any  one  by  supplying  the  other 
two.  First,  in  the  experiment  under  review,  the  decanted  Huid  was 
examined.  Cleiu'ly  the  only  factor  of  this  particular  haemolysis  investigated 
which  could  ]M>ssihly  be  presetit  in  it  was  immune  body.  Therefore  to 
test  this,  it  Wiis  oidy  necessary  to  a<ld  some  sheep's  corpuscles  and  some 
fresh  —  i.f.  complement-containiDg  —  goat's  serum,  if  immime  body 
were  present  the  corpusclea  would  ho  hu^niolyHetl.  As  a  matter  of  fact 
no  hemolysis  occurred.  Therefore  the  immune  body  had  disappeared 
from  the  fluid  part  (jf  the  mixture.  Had  it  become  attached  to  the 
corpuscles  of  the  original  mixture  now  in  tlie  uontrifnged  precipitate  f 
Hero  there  might  be  present  two  elements,  namely,  the  corpuscles  and 
the  immune  hotly.  To  test  this  it  was  only  noecssarv  to  add  comple- 
ment. The  precipitate  w:is  therefore  now  taken,  stirred  up  in  a  little 
normal  saline  solution,  and  some  freab  goat's  serum  added,  ami  the 
mixture  pUced  at  40*  C.  for  two  hours.  At  the  end  of  this  time 
hremolysis  had  occuiTed.  Thus,  during  the  time  when  the  original 
corpusch*.s  had  stowl  in  contact  with  immune  bo<ly,  they  had  taken  up 
the  latter  from  the  fluid  in  which  they  were  suspended.  The  next  point 
was  to  find  what  would  liap|jen  if  to  sheep's  corpuscles,  goat's  comple- 
ment alone  were  a(hle(h  This  will  not  by  itself  cause  htemolysis,  but  it 
might  none  the  less  internet  with  the  corpuscular  protopl^m.  A  mixture 
of  sheep's  corpusclcH  and  fresh  goat's  serum  was  therefore  made  and 
allowed  to  stimd  for  15  miTuitea  at  +0"  C.  By  centrifugab'sation  and 
decanting,  the  corpuscles  and  fluid  were  se[Miratofl  ua  before.  To  the 
fluid,  sheep's  corpuarles  and  inactivated  goat's  immune  serum  were 
added,  and  hiemolysis  of  the  added  corpuscles  occurred.  To  the 
precipitate  of  the  original  corpuscles  <wlnch  w'ould  have  contained 
complement  if  union  between  complement  and  the  corpuscular  ])rotop1asm 
had  occurreil)  there  was  ailded  inactivated  immune  serum, — no  hiemolvaia 
occurred.  From  this  it  was  deduced  that  during  the  time  the  original 
coqjuticles  had  Iwen  in  contact  with  the  complement  present  in  the 
fluid  in  which  they  had  been  auspendefl,  no  luiion  betweeti  these 
corpuscles  and  the  ctmiplement  had  taken  place.  The  following  scheme 
of  those  two  experimentfi  gives  at  a  glance  the  process  of  inquiry  and  the 
rwult :— 


SCHEMK  OF  KHHLICU'S  FUNDAMENTAL  H.fiMOLYTTC  EXPERIMENT 

Mixture  A. 

CoBtuimig  (1)  4  C.C.  f)  per  cent  aiupension  of  sheep's  blood  iu  '76  per  cent 
XaCI; 
(S)  1  c.c.  inactivated  goat's  Ntrum  ; 
C.  /or  1 5  mtnu/^f 
fayed  and  the  fiititi  (Al)  dmmttd  off  the  pndpUaUd  corpuxtea  (A2). 


Al 
cuQtainiug  tluid  of  A. 
i»ni  ttddtttl 
■a  0.C  ordinary  sheep's  blood, 


A2 


cimtatning  corpuscles  of  A. 
TlifTf  was  added 

(I)  4   c.c.    of   -76    pep    ceui     NaCI 
suhition, 

tj  -8  tc  fresh  ^qoI'k  Herum,  (2)  '8  cc.  fresh  goat's  serum, 

Ik*  miaiurt  iras  plnccd  al  37'  C.       and   the  nthiure  iom  plai€d  at  37'   C. 
i  hour*.  for  2  hmiri^. 

Result;  No  HJUiotvaiJ^uf  corpuscles  K^isult:    Hxjioltsih   of  corpusclua 

'i  cc.  of  sheep's  blood  added.  originally  placed  in  A. 


MntTcaE  B, 

ConUicing  (I)  4  cc.  5  per  cent  sutfpension  of  sheep's  bluod  in  '75  per  cent 
NaCl; 
(9)  *8  c.c.  fresh  goat's  aenuu ; 
Uft  at  40'  C.  for  15  miwu/w, 
then  ctrUrifugrd  and  the  Jtvtd  (Bl)  decanted  off  Ote  prtcipUated  corynxles  (B2). 


containing  fluid  of  K 
«yi»  Qildrd 
'2  c.c  ordiuary  sheep's  bloofl, 


t)  I  c.c.  inActivated  goat's  immnnc 
strum. 


containing  corpuscles  of  K 
Thtrr  tnu  ixddtd 

(1)  4    c^    of   '75    per    cent    NaCI 

solution, 
(3)  1  cc.  inactivated  gfiat's  immune 
serum. 


Ikm  mixture  icas  placed  at  37'  C.       and  ihe  viixture  was  pUtCid  at  37'  C. 


S  Atrurt. 

lult:  H.£MOLTanof  the  coi^iusdea 
je  "2  cc.  of  shvffp's  bliiod  added. 


for  5  hoHTt. 

[(■eault :  Xo  h.vmolysis  of  the  cor- 
puscles originally  placed  in  B. 


This  experiment  has  been  described  in  detail  not  only  for  ita  funda- 
menui  Importance,  but  because  it  illu^uatea  the  method  of  practically 


all  the  subsequent  reseaixhes  along  similar  lines.  Almost  the  only 
elahnraiion  which  is  now  ]>niotised  13,  that  whenever  the  talking  up 
of  any  body  by  red  corpusulos  is  suspected,  the  ceiitrifugt-d  dciMNstt^ 
iB,  after  docanUition  of  the  fluid,  inixe<i  up  with  salt  solution,  thoroughly 
shaken,  and  a):;ain  ucntrifuged  ami  the  solution  decanted;  in  fact,  this 
procoduro  is  usually  practised  so\eml  times  to  ensure  that  all  the  original 
fluid  is  thoroughly  wiwhed  off  the  corpuscles.  WTien  ''washed  corpuscles" 
are  s|>okoti  of,  it  is  this  manipulation  which  ia  referred  to. 

The  interpretation  put  by  Ehrlich  on  these  two  cxperimeuts  wa»,  as 
we  have  said,  that  compleuient  could  not  combine'  with  cvq>U8clew  while 
immune  body  could,  but  that  when  eorpiuscles  hail  immune  body  attached 
to  them,  tlien  complement  could  combine  with  the  combination  and  cause 
hsemolysis.  The  next  point  investigated  Iiy  Khrlich  wai>  whether  in  an 
immuno  serum  the  complement  and  immune  body  prcacut  wore  free  from 
each  other.  To  t€«t  this,  the  exitct  amount  of  immune  body  and  com- 
plement necessary  for  complete  hanuolysis  of  a  given  ijuanlity  of  sheep's 
corpuscles  was  determined.  It  was  found  that  for  htumoly&is  of  5  c.c.  of 
the  5  per  cent  sheep's  blood  emulsion  in  li  to  2  hoxirs,  10  to  1*3  c.c.  of 
inactivated  immune  serum  and  *5  c.c.  normal  goat's  serum  were  necessary. 
Taking  advantage  of  the  fact  that  hicmolysis  docs  not  take  place  IhjIuw 
3"  C,  such  a  mixtxu*o  was  made  up  below  this  temperature,  kept  at  it 
for  a  time,  and  then  centiifuged  and  tested  us  before.  It  was  found 
that  the  immune  boily  waa  attached  to  the  corpuscles,  while  the  comple- 
ment remained  free  in  the  fluid.  From  this  it  was  de<liKed  that  at  the 
temperature  named,  immune  Inidy  and  complement  could  exist  side  by 
aide  in  a  separate  condiliotL  At  higher  temperatures  there  w:is  evidence 
of  the  possibility  of  their  entering  into  a  loose,  easily  <]issociabIe  combina- 
tion, and  the  general  conclusion  was  drawn  from  all  the  exjteriments,  that 
of  the  two  ha[)tophoi-ous  groups  sup|>osed  to  exist  in  the  immune  biKly, 
one  hitd  a  strong  aflinity  for  certain  combinations  in  the  susceptible  cells, 
while  that  which  combined  with  the  haptophore  group  present  in  com- 
jdemcnt  was  not  so  strong. 

Tlte  Occurrenc*  of  II<rmolifsms  in  Normil  Serums. — That  the  development 
of  hiemolytic  serums  is  closely  related  to  some  normal  process  common  in 
the  orfiinary  metalKilism  of  the  animal  botly  is  indicat4?d  b\^  the  fact 
that  the  serums  of  some  animals  are  naturally  poasessetl  of  the  capiicity  of 
h;emolysing  the  bloo*i  coq)nscles  of  other  species,  and  tliere  is  evidence 
that  the  process  of  haemolysis  is  in  surh  crises  identicid  with  what 
takes  place  when  in  an  animal  a  hivmolytic  Henim  is  develojjed  by  an 
immunisation  |>rocedtu'e.  In  nalural  hiemolytic  scrums  there  is  evidence 
that  two  iKxlies  are  concerned.  Thu.s,  Khrlich  ftmnd  that  the  serum  of 
an  ordinary  goat  is  ha'molytio  towaiils  the  oorpusi'les  of  both  the  rabbit 
and  the  guinea-pig.  The  goat's  seinim  can  be  inactivat^-d  by  heat  just  an 
an  ordinary  immuno  serum  can.  It  can  be  reactivated  l)y  the  addition 
of  some  ordinary  horse's  serum,  which  in  itself  hiLs  no  hipmolytic  effect 
on  the  corimseles  in  question.  The  horse's  senim  loses  its  reactivating 
jMjwer  on  heating  at  55'  C.    From  this  Ehrlich  detluces  that  the  hemolytic 
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ictiwi  of  the  poat'a  senira  is  duo  to  the  presence  of  two  subst^inccs,  a 
tiitintUtfUble  and  a  ihennolahilc.  The  place  of  the  latter  aui  l)e  taken 
rly  ihomiolabile  body  existing  in  the  horse's  seriini.  The 
e  bofly  t'orre.spondB  to  the  immune  body  of  an  immune  serum, 
iha  tWinolabile  is  a  complementary  body.  To  these  thermostable  bodies 
of  nannnl  serums  Ehrlich  give^  the  name  "  zuischenl-'irprr.'*  A  gi'cat  many 
eoDpTes  of  such  iKxlies  probably  exist,  but  the  facts  are  difficult  to 
'*■.  Kigid  proof  is  only  possible  when,  as  in  tlie  case  cited, 
tih'rjnrr  is  oapiiblo  of  hein^  complemented  by  a  serum  in  itself 
fi<rt  ha:niolytic  for  the  corpuscles  sensitive  to  that  zimc/ienkt'rj>tr. 

The  fact  that  iti  the  ca^e  of  each  immune  scnun  the  action  is  specific 
for  tbe  corpuscles  which  stimulated  its  origin,  prepares  us  to  expect  that 
Uicuiimal  lK«ly  is  capable  of  giving  Hao  to  a  great  many  bodies  of  the 
«iDp  onler  but  manifesting  individual  ditiVrences,  and  there  is  abundjint 
^rnricnct!  that  this  is  the  case. 

The  Multiplicity  of  Immune  Bodies  and  of  Complements. — The 
first  point  to  be  illustrated  here  is  tho  multiplicity  of  zwischeti- 
iurpn  which  may  exist  in  the  same  blood.  To  shew  this  Ehrlich  took 
the  scrum  of  the  goiit,  which,  as  has  been  said,  is  inuler  normal  condi- 
tions hifimolytic  both  for  nihl>It'K  and  ;j;uiriB;i-pij;'B  corpuscles  ;  it  can  be 
inActivAted  by  heat,  and,  as  alrcatly  stated,  can  be  complement<^d  by 
inary  horse-serum.  Tbe  problem  of  whether  it  was  the  same 
hnth^rjy'v  in  the  goat's  scinim  which  was  conccinefl  in  the  solution  of 
f<oih  kinds  of  susceptible  corpuscles  was  attacked.  To  this  end  there 
was  determined  the  amount  of  inactiA-ated  goat's  serum  which,  when 
■ctivauyl  by  horse  complement,  was  necessary  to  dissolve  a  given  amount 
ftf  mbltit's  blood.  To  such  a  given  quantity  of  rabbit's  blood  the  neces- 
«iry  amount  of  inactivated  goat's  serum  wjis  addc(|,  and  after  allowing 
tinM*  for  the  corpuscles  to  take  up  the  immune  body  the  mixttire  was 
oeuCri63god.  The  fixation  of  the  immune  body  was  proved  by  the 
fact  that  tbe  addition,  to  the  decanted  clear  fluid,  of  rabbit's  blood  and 
honw  complement  was  not  followe<l  >ty  hn^molysia  of  the  newly  added 
rabbit's  corpnscles,  and  by  the  further  fact  that  the  addition  of  horso 
complement  to  the  centrifuge  deposit  caused  hfcmolysis  of  the  original 
corpUAcles.  On  the  other  hand,  if  to  the  clear  fluid,  instead  of  rabbit's 
oarpOBclcs  and  horse  complement,  there  were  added  guinea  pig's  blood  and 
hone  complement,  then  solution  of  the  guinea-pig's  corpuscles  took  place. 
This  shewed,  according  to  Ehrlich's  view,  that  after  the  rabbit's  corpuscles 
hnrl  tjikcn  from  the  goat's  serum  all  the  z^nsfhfnhirjier  they  were  capable 
of  fixing,  there  still  retnained  a  ztri-9cfimJ:orper  which  could  be  taken  up 
the  guinea-pig's  corpuscles  :  in  other  words,  in  the  normal  senim  of  the 
t  there  are  present,  so  far  as  the  reaction  under  consideration  is  con- 
cerned, two  svfUrJwnfriirpfr — one  of  which  can  act  on  rabbit's  blood,  the 
other  on  guinea-pig's  blood. 

Ehrlich  next  asked  whether  in  the  ortlinary  double  hiemolytic 
action  tif  the  gf)at'»  scrum  the  two  zicif^citenh^per  were  complement-ed 
hy    the    same    coiuploment.       Goat's    serum     was    filtered    through    a 
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porculiiin  filler,  tinil  it  was  found  that  while  the  filtrate  was  as 
powerfully  haemolytic  for  guinea -pig's  blofkl  as  the  original  seriini, 
the  haemolytic  action  on  rabbit's  blood  showed  great  weakoninp- 
This  might  have  been  due  to  a  keeping  back  of  rabbit  sitrUichnt- 
kf/rpar,  of  Cinnplonieiit,  or  of  Iwl.h.  That  the  rwi$rh*'}J:(;}'prr  passerl 
through  in  sufficient  quantity  w;vs  shc^vn  by  the  fact  that  the  odditioD  o£ 
horse  complement  refttorwi  ui  the  filtrate  ita  normal  capacity  of  diseolving- 
rabbit's  corpuscles.  From  this  Kbrlich  concludes  that  in  the  goat's  senini 
the  two  zwischfnkorper  we  are  dealing  with  are  not  complemented  by  the 
same  complement. 

The  multiplicity  of  ztffiscJtenkiirprr  and  the  complexity  of  the  whole 
reaction  arc  borne  out  by  Ehrlich's  observations  pointing  to  the  existence 
of  mtire  than  one  zw\s.rh^ihirp>T  with  similar  effect*  in  the  same 
serum.  Thus  the  serum  of  the  dog  is  ha-molytic  t*nvards  guinea-pig 
corpuscles,  and  when  inactivated  can  be  complemented  by  guinea-pig 
serum.  By  careful  experimentation  it  w;is  found  that  inactivated  seiiim 
could  also  l«  coraplemeuted  by  horse  scrura^  but  that  when  in 
activated  serum  was  thus  complcmente<l  it  had  only  one-sixth  of  the 
hiemolytic  action  of  the  ordinary  active  sertini ;  in  uther  wonls,  only 
one-flixth  of  the  sivischenkorper  of  the  dog  scrum  had  an  aifinity  for  hortie 
complement,  the  other  five-sixths  manifested  the  affinity  for  the  compUv 
ment  of  guinea-pig  serum.  Ehrlich  also  atlduc^d  observations  to  shew 
that  in  imnuuie  serums  a  similar  multiplicity  of  simUarly  acting  immune 
bodies  difi'erctitly  complcmcntod  might  occur,  and  in  a  later  pap<*r  with 
Sachs  (113).  he  has  brought  forward  further  evidence  bearing  on  the 
multiplicity  of  complements.  ITe  observed  that  normal  gnat's  scnmi 
complemented  the  following  mixtures  :  —  {-(}  Guinea  -  pig  corpuscles 
■f  inactive  normal  goat-senim;  ('»)  rabbit's  corpuscles  -»-  inactive 
normal  goat -serum;  (r)  rabbit's  corpuscles  -*-  inactive  serum  of  g<iat 
immunised  with  rabbit's  corpuscles ;  id)  ox  corpuscles  +  inactive  senun 
of  goat  immunised  with  ox -blood;  (r)  dog's  corpuscles  -»■  inactive 
serum  of  Qtxit  immunise<l  with  dog-blood.  Kvidence  could  l>e  adduced 
that  different  complements  were  concerned  in  each  case.  In  digesting 
the  complementing  serum  with  pajiain,  it  was  found  that  at  a  time 
when  four  complements  had  almost  entirely  disappeared  one  was  not 
much  affected.  Treatment  with  soda  solution  caused  the  pro<]itction  of  a 
similar  effect.  It  was  further  observed  that  the  complements  present 
manifei^ted  different  degrees  of  susceptibility  to  he/it.  These  results 
mighty  however,  conceivably  have  l>een  due  to  a  pecubar  constitution  of 
the  complementary  substance,  and  would  be  explicable  if  the  latter  were 
supposed  to  have  a  single  ailiuity  by  which  it  oould  link  on  to  many 
immune  bodies,  while,  on  the  other  hand,  it  possessed  a  groat  ^Tiriety  of 
afiinities  in  which  the  cytolytic  action  was  due.  To  meet  such  an 
objection  Khrlich  trictl  to  remove  some  of  the  complements  by  treating 
the  senim  with  corpuscles  sensitised  by  appropriate  immune  bodies,  and 
in  this  he  sticcewlcd.  Ky  such  trt«itment,  while  some  of  the  comple- 
montfl  were  unaffected,  a  disappaaranoe  of  others  was  observed.     It  may 


beonntioDed  here  thai  the  experimeiita  relating  to  the  difl'erent  effect  of 
bat  cm  different  complements  are  of  gre«t  importance,  as  iiumerous 
ravMiipilionB  have  shewn  that  oxamptes  of  such  an  occurrence  aro  wry 
frequjtnily  met  with.  The  teinjHirature  of  55**  C,  at  which  the  weakening 
otf  eoffipIi*mcntary  power  is  usually  said  to  be  manifested,  is  u  tx>ugh 
iTcragc  only. 

The  Occurrence  of  Anticomplements. — The  analog  existing  between 

tbflaeiion  of  complements  and  th:it  of  Rohihle  l^acierial  toxins  will  have 

$(nick  the  reader.     Looking  at  their  similarity  from  his  point  of  view 

Khriicfa  would  aay  that  in  l>oth  there  is  a  haptfiphoruus  group;  in  both 

ffiere  is  a  group  responsible  for  the  specific   action  of  the  body.      The 

'iifftTcnce  lies  in  the  ftict  that  in  the  toxin  the  haptophorous  group  is 

i.iiM  to  the  cell  on  which   the  toxophornns  gioup  acts,  while  in  the 

other  it  is  linked  to  an  intcnnediary  body  which  in  turn  is  linked  to  the 

wisreptible  cell.       It  is  thus    not   surprising  that  Kbrlich  sboidd  have 

jruiiiiml  whether  by  injecting  complement  any  body  con-esponding  to  nn 

luititoxin  could   be  obtained.      Evidence  exists  that  in  many  cases  an 

aflticomplementiiry   ;ictii»n    «in    be    developed.      Thus,    urdinary    horse 

senuu  conijilementii  a  great  nimil")er  of  Zipm-hmkuiyifi.      If  it  be  injecteti 

Jtr'ter  the  manner  of  an  immunisation  into  a  goat  the  serum  of  the  latter 

contains  the  antAgonising  substance.    To  prove  this,  nibbit's  blood  is  treated 

with  iniicttvated  goat-senmi  (which,  as  stated  above,  crmtains  an  immune 

body  cjipablc  along  Avith  horse  complement  of  causing  haemolysis),  and 

centrifug*^!,  washed,  and  mixetl  witli  salt  solution,     if  now  horee  cora- 

plemKut,    uhmg    with    tliu    antic"m]ilemcnt:iry   scrum,   bo   added    to   the 

sensitised  coqmscles  no  hiemolysis  occurs.     That  this  is  not  tlue  to  any 

iateraetiou  between  the  sensitised  corpuscles  and  tlic  complement  and 

antic/>mp lemon t   is   shewn    by  the    fact  that  if   the   mixture   be  again 

centrifnged,  the  corpuscles  washed,  and  treate<l  with  fresh  horse-serum, 

hemolysis  occurs.      Acconling   to  Ehrlich  the  anliconiplement  has  pro- 

tectet-l    the   sensitii^ed   corpnsrles  by  combining  with    lite    liaptophorous 

group  of  the  complement,  just  as  antitoxin  unites  with  t^ixin. 

The  Occurrence  of  Anti  immune  Bodies. — Further,  Khrlieh  (110)  has 
brought  forward  facts  to  pntve  that  not  only  anticomplements  l>ut  anti- 
immune  Ixxlics  can  be  dovclopctl.  It  is  pUin  that  theoretically  the 
action  of  an  immune  body  cun  be  inhibited  by  interference  either 
with  ita  cytophilic  or  with  its  complementophilic  aflinity.  First,  with 
rt^iLrd  to  the  cytophilic  atHnity,  i.e.  that  by  whieh  it  is  anchored  to  the 
"receptor"  of  the  cell  (as  Ehrlich  calls  the  affinity  in  the  ceil  to  which  a 
foreign  substance  may  be  anchored),  Ehrlich  injected  into  a  goat  the 
heated  nerum  of  rabbits  in  which  an  immune  senim  against  ox-blood  had 
been  dovelo{)ed.  He  mixeil  a  moiety  of  this  goat's  serum  (heat^xl)  with 
varying  amounts  of  rabbit's  immune  Ixwly  and  ox-corpuscles,  allowed  the 
mixtures  ti)  remain  in  contact,  centrifnged  ofl'  the  fluid,  and  added  a 
sufficient  ifjmplenient.  The  result  w.-is  that  several  nuiltiples  of  tite  simple 
dtiBSolving  dose  of  immune  b"xly  were  required  before  there  was  any 
cridence  of  blood-corpuscles,  immune  body,  and  complement  uniting.    This 


is  certainly  eWdence  of  an  anti-immune  body  acting  on  the  cyiophilic 
affinity  of  th«  immtuie  Iwdv,  provided  that  the  corpuscles  in  tho 
case  ill  iiuestiun  were  not,  as  wo  shall  see  often  occurs,  cii{)Ab]e  of  Bxing 
many  times  the  amount  of  immune  l>otly  re^iuisite  for  simplo  solution. 
In  this  lutter  event  the  curpusdes  might  attiich  to  themselves  ji  consider- 
ablu  amount  of  immune  hfKly  with  anti-immune  body  anchored  to  it^ 
complomentopidlic  affinity,  and  there  might  still  be  room  for  a  simple 
dissolviiii;;  done  to  be  pix'scut  iu  addition.  Bordet  (41)  has  brought 
forwanl  exjuiriments  which  ac*;ordin^  to  Ehrlieharid  Sachs  (114)  point  to 
the  oxiat4;nce  of  anti  immune  bodies  which  link  themselves  to  the  complc- 
mentophilic  aftinity.  Working  with  the  serum  of  rabbits  immunised 
with  ox-blood,  he  found  evidence  that  the  action  of  the  immune  body  it 
contained  was  antagonised  by  the  heated  seriun  of  yuinea-pigs  which  liad 
been  injected  with  the  serum  of  fresh  mbbits.  This  last  sennii  cnntaiiici] 
naturall}'  no  zinachfnknrprTy  so  that  the  development  of  antiumboceptors 
by  its  iise  must  iiuv©  resulted  from  the  action  of  other  molecular  complexes. 
Ox  corpuscles  sensitised  ^^ith  nibbit's  immune  body  were  washed  and  the 
anti-immune  body  was  then  left  in  contact  with  them.  Tlio  corpuscles 
were  again  washed  :  on  a  suitjible  complement  })eing  added  ha:!molyaiB 
to<jk  place.  Whether  further  re«e;irch  will  suhstantiato  the.8e  views  as 
to  the  miction  of  anti-immune  bodies  or  not,  there  can  be  no  doubt  from 
such  experiments  as  those  of  Bordet,  Miiller,  and  others,  that  substances 
of  this  nature  oxt,'*t. 

The  Occurrence  of  Complementolds. — Just  as  from  toxins  weaker 
bodie.s,  the  toxoids,  can  be  formeil,  s^.)  fit>m  complements  there  is  evidence 
that  weakened  Ixxlies,  or  comj>lenienloid8,  can  be  produced,  though,  so  far- 
as  is  known,  these  are  not  quite  analogous  to  the  toxoids  in  the  relation 
of  their  properties  to  those  of  the  parent  substance.  Khrlich  obtjuned 
evidence  of  their  existence  by  injecting  complement  inactivated  by  heJtt 
into  an  animal  In  the  serum  of  this  animal  it  was  found  that, 
following  on  these  injections,  an  anticomplement  appeared.  The  deduc- 
tion fi-om  this  was  that  while,  in  consequence  of  beating,  the  cytotoxic 
property  of  the  eomploment  hiul  disiipi>eared,  its  combining  affinity  was 
still  intjict  and  could  stimulate  the  production  of  an  antib<tdy.  The 
complcmentoiti  differed  from  a  toxoid  in  that  wln"le  toxoid  can  partially 
saturate  antitoxin,  no  evidence  could  bo  obtained  of  complementoid 
partially  saturating  immune  body. 

Such  are  Ehrlich's  main  positions.  From  considerations  of  space  it 
is  quite  iiripossible  to  enter  fidly  into  the  minute  details  of  his  work. 
A  few  points,  however,  deserve  auontion.  For  insUince,  in  the 
case  of  many  of  the  substances  dealt  ^nlh,  while  delitiito  and  independent 
Unkings  appear  to  exist  in  a  molecule,  it  does  not  follow  that  the 
indei>endence  of  these  linkings  is  absolute,  f.^.  that  the  satunttion  of  one 
link  or  affinity  leaves  the  others  in  their  original  condition.  Thus,  when 
the  cytophilic  group  of  an  immune  body  is  anchored,  the  complomento- 
philic  group  often  has  its  avidity  for  complement  raise<l.  This  is 
manifest  in   the  fundamental  experiment,   from  which   it  appears  that 
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iouoBne  body  and  complement  exist  side  by  sido  in  the  serum  till  the 

tnnitine  body  becomes  uttiicbu<l  to  a  cell,  when  at  once  its  other  aHinity 

uki»  up  complements.      Again^   Khrlich   and  Sarhs  (113)   have   shewn 

tbftt  oocasjonally    when    the    aetinty    of    the    cytolytic   group   of    the 

".m|>lerj*?in  molecule  is  affected  by  heat  (complemontoid),  the  avidity  of 

:^t'   h;i{it«>[>horou8  group  i^   inoreaHed.      Taking   into  cons idejat ion    the 

'!(>*<?  fliJifutios  between  complement  and  simple  toxins,  this  may  bo  taken 

X-  fiimibhtng  an  experimental   juBtitication   for  Ehrlich's  view   that  in 

toxoid  development  one  possible  toxoid  (protoxoid)  may  exist  in  which, 

"lijlf  the  potency  of  the  toxophorous  group  is  diminished,  that  of  the 

ti[ diphorous  group   is  increiised.       In   connexion  with  this    ha^molytic 

«  rfca  (ihal  jKiint  may  be  mentionwi.     The  development  nf  a  h;i:molytic 

^Ttim  hy  un  animal  species  A  when  the  blood  of  a  speciea  B  is  injected 

Bcuoitnon.     The  development  of  a  hiemolytic  senim  when  i\w  blood  of 

Mt!  individual    of  species  A  is  injected   into  another  individual  uf  the 

ame  species  occur^  though  not  constantly ;  such  a  htvmolysin  is  called 

hy  (Ihrlich  (11 1)  an  ifiolysin.     The  development  of  a  hafraolysin   by  the 

tnjf^tion  of  an   animal   with   its  o^vn   bloorl   is  excc-ssivcly  rare.     This 

oondovelopment  of  an  autolj-sin  is  an  expression  of  what  Khrlich  calls 

thr  "  fhTiin-  atitifi'trinis^''*  which  dominates  un  animal  or^anirfm. 

Results  bearing:  on  Ehrlich's  Work  on  Hsemolytic  Serums. — 
HniTiig  hitherto  given  Ehrlich's  views  without  reference  to  criticism 
thfy  have  provoked,  or  to  the  results  of  other  observers,  we  must 
Dowf  consider  aomc  of  the  objections  which  may  be  urged  against 
ihem,  ajjd  etepccially  here  IJordot's  work  (38).  In  Ehrlich's  view  it  is 
eiident  there  \»  supposed  to  be  a  fixetl  relation  between  immune  bo<ly 
and  complement.  If  a  substance  unites  molccularly  with  another 
snbetAnci%  it  is  plain  that  the  union  will  take  phtec  in  deHnito  pro- 
portions. A  certain  amount  of  itiimune  Ixxly  cannot  t^tke  up  more 
oompleniont  thjin  it  has  cMniplenitinto]>hilic  atlinities  f<^r.  A\  hen  all  the 
Avaiiikble  affinities  of  the  inuunne  body  aru  satisfied,  then  so  far  as  the 
possibility  of  any  ha-molytic  action  occurring  is  concerned  any  additional 
^omplemfut  present  is  an  inert  IkkIv.  Further,  Khrlich  holds  to  the 
probability  of  many  complomenUiry  bodies  existing  side  by  side  in  the 
Qormal  senim.  The  different  immune  boclies  of  different  specific 
immune  serums  may  act  in  condnnation  with  different  complements.  On 
these  two  points — rigidity  of  molecular  i-elationship  J>ctwccn  immune 
body  and  complement  ajid  multiplicity  of  complomenUiry  bodies— itoitlet 
joins  issue  with  Khrlich.  It  may  l>o  said,  however,  that,  generally 
fpeAking*  he  has  independently  arrived  at  the  same  conclusion  as  Khrlich 
on  Ttwny  of  the  chief  points  regjirding  hnemolytic  serums,  m,  for  instance, 
the  fixatiun  of  immimc  body  to  the  sensitive  colls,  and  he  h.ts  made 
\y  vaiiwbh'  nd<litions  to  our  knowledge  of  the  subject.  Amongst 
tttber  contributiouH  to  the  investigation,  be  has  shewn  that  it  is  to  the 
iCroma  nf  the  rod  blrMxl- corpuscle  that  immuno  Uxly  becomes  attached, 
«ad.  further,  that  by  the  injection  of  stromata  into  an  animal  there  can  bo 
obCatDod  a  Arnim  hiemolytic  to  the  corpuscles  from  which  the  material 


injecte*!  wa«  derived.  Of  his  objections  to  EhrlichV  inteqjretation  based 
on  the  main  faots,  ab<jut  which  l>oth  oWrvera  are  in  the  main  in 
agreement,  we  BbaLl  first  toko  up  the  question  of  singlenoss  of  com- 
plement. The  French  fichool  generally  has  been  much  impressed  with 
the  fact  that  the  thermolithile  nulnre  of  complementary  flenims  recalls  the 
similar  behaWour  towards  heat  shewn  by  many  ordinary  ferments,  ond  it 
is  natural  that  this  resemblance  should  suggest  the  possibility  of  com- 
plements possessing  the  general  qnality  of  ferments  for  originating 
changes  of  indefinite  extent.  Wo  shall,  in  fact^  see  later  that  the 
complements  or  alexins  are  often  include<.l  by  French  writers  in  a  gener<d 
group  of  aubstances  named  cytasos,  a  word  framed  on  the  model  of  the 
general  terminology  applied  to  ferments.  Sioing  that  Sfilution  of 
continuity  of  colls  analogous  to  i>eplic  digestion  is  a  common  feiiliirc  of 
alexin  action,  it  is  perhaps  not  surprising  that  the  poesibility  of  only  one 
substance  being  concerned  in  the  process  should  bo  contemplated. 
Bordet  founds  his  view  of  the  singleness  of  complement  or  alexin  on  an 
extcusion  of  Ehrlich's  ot»aervation  that  an  immune  body  can  1hi  coni-^M 
plemented  by  more  than  one  kind  of  serum.  He  notes  that  a  heemo-^^H 
lytic  senun  pioduced  by  iiijectini;  labbit's  blood  into  the  gninea-pig  evm 
be  complemeiUcd  not  urdy  by  guinea-pig  serum  but  by  that  of  the  rat, 
the  goat>,  the  dog,  and  even  the  pigeon.  Further,  a  serum  produced  by 
injecting  cholera  vibrios  into  the  goat  can  be  coraplementetl  not  only  b_v 
the  scrum  of  the  goat  but  also  by  that  of  man,  of  the  guinea  pig,  the 
rabbit,  the  rat,  the  fowl,  and  the  pigeon.  He  further  produces  evidence 
that  the  alexin  which  dissolves  cholera  vibrios  is  the  same  aa  that  whioh 
dissolves  red  blood -cor  fiuscles.  At  the  same  time,  he  does  not  julhere  to 
a  rigid  view  that  tht-re  exists  unly  one  complementary  body  acting 
through  all  possible  immune  bodies.  The  following  is  a  scheme  of  Ins 
fundamental  experiment : — 


SOHZUB  or  BoJtDKT's   EXPEKtHKST  TO   SHKtr  lORSTITY  OF  BaCTKRIOLYTIO  ASD 

S^uoiYTw  Ausxixa 

MaleriaU  used — 

(1)  Emuision  of  ckolera  vibrioi. — A  24-hour  agar  culture  of  the  chol 
vibrio  «nsjK^mled  in  5  c.c.  i>f  '6S  per  cent  NaCL 

(2t  Inactivatfd  cholera  ierum.^The  heated  serum  of  a  rabbit  inimuniaed 
with  the  cholera  vibrio. 

(3)  Hmted  frfsh  rahhk-aerum. — Heated  berum  of  f^li  rabbit  for  purpose 
coroparisDn. 

(A)  Fnth  g»inea*pig  tennn. 

(H)  StngUited  rahbii  tarpuKlm. — Wuhed  corpuscles  from  iwo  drop.s  nf  ral)>ut 
blood  senBitised  by  actiou  of  '2  c.c.  inactivated  &erum  of  guinea-pig 
immnniseil  with  rabbit  blood. 


Stagr  1.    Tlte  follotBing  mixiura  vsvn  madt 


Mixtnre  A. 

(1)  *&  (ic  fre«lj  guinea- 

pig  ifernm. 
(S)    -a    C.C.    inactivated 

cholera  Mmm  'rabbit). 
CS)  *6  C.C.  eniulsioa  of 

cholexm  vibrioft. 


Mixture  B. 

(1)  *S  cc  Cre»h  guinua- 
pig  aemro. 

(2)  '3  C.C  hunted  fresh 
rabbit  fieruni. 

(3)  *d  c&  eniul.iion  of 
cholera  vibrioa^ 


Mixture  C. 

())  'ft  cc.  frush  guinea- 
pig  serum. 

(2)  *3  C.C  bvated  tiwh 
rabbit  serum. 


SU^e  2.    The  thm*  muivrM  are  ntloicetl  In  $iand  1  hntT 
and  there  va*  th^n  wiiiftl — 


(4)    '3    cc.    HQ^ilised 
rabbit  corpuBclea. 

J?«*ttft. 
No  htt'mntvKig  of  senfii- 
tiscd      rabbit     'cor- 

ptucb^. 


(4)    *2    C.C.     scnBiliiied 
rabbit  corpuscle*, 

HH^molynia  of  seusitiaed 
rabbit  corpiisclefl. 


(3)    -2     cc     lieusilised 
rabbit  corpuscleB. 
liaulU 

HiDmolysifi  of  K^nsitiscd 
rabbit  corpuacleK 


It  will  be  observed  that  in  the  first  stage  of  the  exiterlinent  only  in 

Uxrc  A  were  there  the  two  elements  (viz.  cholera  vibrios  and  inarti- 

ratAHi  ehuler:i  serum)  capible  of  removing  alexin  from  the  fresh  giiincA-pig 

and  in  the  second  stage  of  the  experiment  only  in  A  was  there 

snoe   of    the   al»8vnce    of    alexin.     Rudet  with   Gengou    (+3)    has 

formed   other  experiments  on   the   aamo  lines  to  shew   that  plagno 

lli   sensitised  with   an   antiplague   serum   could    t^iko    ttp    the   same 

tplement   as   rabbit  corpuscles  sensitised   by  an   antirabbit   immune 

im.     The  general  interpretation  is  the  same  aa   in   the   experiment 

!buletl.     ThL*  ^new  uf  Ehriich  that  a  cell  will  not  take  up  complement 

immune  bcnly  be  present  is  confiiTned,  but,  as   in  the  other  ex- 

'fkeriment,  cWdence  is  recognised  of  one  complomcntary  body  acting  along 

with  two  immtme  bodies. 

To  turn  now  to  Bordet's  objection  to  the  existence  in  ha-'molysis  of  a 
dcfinit'e  qnantitJitive  relation-sbip  betweeTi  immnne  body  and  complement. 
This  is  chiefly  founde<I  on  the  following  experiment.  It  was  found  that 
•4  C.C.  of  a  hBF»molytic  serum  woidd  dissolve  the  corpuscles  of  'fl  cc.  ot 
bl>»d  in  one  hour;  but  if,  instead  of  adding  this  amount  of  blood  t<:>  the 
senun  ull  at  once,  it  was  added  fractionally,  a  different  rcmUt  was  obtained. 
That  to  the  "4  cc,  of  senun  "2  cc.  of  hloo<l  was  added,  and  an  hour  later 
*]  C.C  and  so  on.  It  was  fonnd  that  though  the  first  fraction  was 
disealved  the  laler  fractions  were  not.  The  first  fiitction  had  ajiparcntly 
Used  up  all  the  hiemolytic  agent.  Bordet  compares  ivli:it  has  occurred 
ith  what  may  l>e  observed  to  take  place  with  filter-jmper  and  a  weak 
ftolntion  of,  gay,  methyl-violet.  In  such  a  solution  there  maj'  bo  enough 
stMn  to  colour  a  large  piece  of  filter-paper  a  uniform  tint,  but  if  the 
Itcr-pnper  bo  not  put  into  the  solution  whole  but  in  successive  pieces, 
ihe  pieces  put  in  fin»t  ^riU  l>e  stainetl  much  more  deeply  than  thoitc  put 
ill  later.  ;ind  the  last  fragments  may  hardly  be  coloured  at  all.     Bordet 


interprets  the  experiment  aa  shewing  that  there  is  not  a  definite  relation- 
ahip  between  a  yivon  amount  of  rod  corpiwcles  and  a  given  amount  of 
immune  IkmIv  nnd  complement,  hut  that  the  coi*pusclos  can  take  xi\y 
vfuying  amount-s  of  the  Rubst.inces  according  to  the  amount  they  are 
brought  in  contact  with.  He  looks  upon  the  action  of  the  ironumo 
body  as  a  sonsitisation  of  the  cells  to  the  action  of  the  cytolytic  com- 
plement, and  hence  gives  the  name  of  saisibilisotricf  to  it.  Bordet  haa 
broti;;ht  forward  further  experiments  in  support  of  hia  view  of  the 
absence  of  specific  molecular  rolationahips  in  the  hemolytic  reaction.  Ho 
states  that  the  senim  produceri  by  injecting  ra]))iit  corpuscles  into  the 
guinftipig  can,  when  inactivated,  he  reactivated  not,  only  with  fresh 
guincitpig  scrum,  but  also  with  frosh  rabbit-scrum.  If  the  serum  ho 
introduced  into  a  rabbit,  an  antiserum  wliich  eontaina  a  small  amount 
of  anti- immune  body  and  a  largo  amount  of  anticoniplcment,  can  lie 
obtained.  This  anticomplcmcnt  can,  in  the  hieniulytic  reaction, 
ncutraliwc  the  giiiriea-iiig  complement  but  not  the  rabbit  complement 
Rirdot  deduces  frum  this  that  these  twrt  complements  must  therefore 
differ  from  one  another  in  what  Ehrlich  would  call  their  bi  nding 
alHuiticA.  But  if  this  l>e  so,  how,  he  asks,  can  there  be  a  molecidar 
relationship  between  this  binding  gnmp  and  tlio  liaptxiphorous  group  in 
the  immune  body,  seeing  that  when  the  corpuscles  are  treated  with 
immune  body  either  complement  can  g;tin  admission  to  these  corpuscles 
and  etVect  their  solution  1  To  this  deduction  Ehrlich,  who  has  repeated 
the  experiment,  replies  by  saying  that  it  would  only  bo  cogent  if  there 
were  one  immune  \ioi\y  present  in  the  immune  serum.  He  brings  forward 
evidence  that  in  the  s<^rum  there  arc  really  two  immuno  bodies,  and  that 
one  can  be  complemented  by  guinea  pig,  the  other  b}'"  rabbit  complement. 
He  alwi  replies  to  Bftnlet's  criticism  that  different  residta  are  obtained 
when  to  the  amount  of  immune  serum  capable  of  dissolving  a  given 
amount  of  blcHid,  the  blood  is  achled  in  fractions  instead  of  ;U1  at  once. 
He  repeated  Bordot's  e.\j)oriment  with  a  alight  variation.  An  immune 
serum  vraa  obtained  from  a  goat  injected  with  dog's  blood.  This  senim 
could,  when  inactivated,  be  reactivated  either  with  fresh  goat-  or  sheep- 
serum.  The  exact  amount  of  sertmi  was  determined  which  with  the 
minimum  amount  of  complement  would  ha?molysc  2  c.c.  of  a  5  per  cent 
solittiou  of  dog's  corpuscles.  To  each  of  a  series  of  tultes  containing  this 
amount  uf  the  suspension  of  dog's  blood  there  was  ndd&i  a  multiple  of 
the  amount  of  inactivatetl  immune  serum  necessary  for  simple  solution. 
The  multiples  used  were  H,  1},  IJ,  2,  25.  and  so  on.  The  mixtures 
were  allowed  to  stand  for  an  hour  to  enable  the  corpuscles  to  take  up 
immune  body.  It  is  evident  that  if  the  corpuscles  do  not  take  up  more 
immune  body  than  is  absoluU^ly  nccc&sary  for  their  solution,  then  in  the 
tube  containing  twice  the  simple  dissohing  dose,  there  ought  to  lie  a 
dissolving  dose  free.  After  9tau<liug,  the  tubes  wore  centrifuged  and  the 
decanted  fluid  tested  for  the  presence  of  free  immune  body.  This 
was  done  by  adding  the  test-dose  of  dog's  corpuscles  along  with  5u65cient 
complement.     It  was  foand  that  only  in   the   tubes   containing   moro 
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thio  tirice  the  simple  dissolving  dose  was  there  complete  ha^molyHis 

(k  (be  imw  bIo(j<l  added.     This  wiis  not^  however,  tme  of  all  similar  cases 

exanunML      7*hufi   in   the   ciise  of  an   immune   stTum  produced   in   the 

ttlibil  f»y  injeclin^^  guat's  corpuscles  and  complemented  Mith  gnincji-pig 

HTuni,  it  w;is  not  lill  a  hundred  times  the  simple  dissolnng  dose  of  senim 

h*l  Wn  added  to  the  test-.'imouut  of  MckkI  that  evirlcnce  of  one  free 

Aw  of  immune  body  was  obtained.     Ehrlich  explains  this  result,  and 

dbothat  of  Bordet  with  fractional  amountB  of  blood,  by  snpftosing  that 

in  the  red  corpuscle,  besid<*  the  side-chainft,  on  whose  integrity  the  holding 

UigBllier  of  the  protophiam  depends,  there  are  others  concerned  in  other 

protoplasmic  functions  which  still   can  fix   immune   IkmIv.      It  i»  evident 

tlat  this  interpre tuition  dependa  for  its  validiiy  on  the  assumption  that 

tb«  hemolytic  binding  receptors  have  u  greater  affiinty  for  immune  body 

than  the  other  receptors  capable  of  binding  the  latter.     Othei-wise  there 

cnalii  Ik  no  determination  of  the  minimal  dissolving  dose  of  immune  body. 

Apart  from  the  maximum  amount  of  immune  body  which  the  celts  could 

UJce  up  without  any  immune  body  bein^  left  free  in  the  sfrum.      With 

nprd  to  these  experiments  it  may  be  said  that  on  Ehrlich 's  views  the 

«rap|pxity  of  the  substances  involved  is  very  great.     Thus,  further  to 

meet  Bordet's   criticisms,  he  has,  along   with   Maralmll  (106«),   brought 

furrard    evidence    which    he    inter])retfi   iis    showing    that   besides    the 

poaibility  of   red   coi'puscles   taking   up    more    immune    body   than   is 

necessary   for   simple   Siilulinn,   there  is  also    the   pfj^siltility   that    one 

tmmiuie  body  may  Uko  uj)  more  than  one  complement.      The  com- 

plemeot  which  actually  cauise^  the  h^i^rmolysis  he  denominates  the  dumiuant 

complement,  the  others   being  merely  fixed  on   the  immune  body  and 

probably  taking  no  ptut  in  the  reaction.      " 

Ebrlich's  results  regarding  a  blood-corpuscle  taking  up  more  immune 
^Kjdy  than  the  simple  h:i'iiiolysing  dose,  have  formed  the  slarting-[H>inl 
for  the  investigations  of  l*rof.  Mim*  (251)  (alone,  and  also  with  his  pupil 
Browning)  on  ihu  nature  of  heemol}tic  action  and  the  properties  of 
immune  body  and  complement.  Tn  thu  course  of  this  work  numy  new 
points  have  be«^n  disclosed,  and  Ehrlich's  observation  of  the  tidung  up 
l»y  red  corpuscles  of  more  immune  body  than  is  necessary  for  haemolysis 
ban  been  amply  conHruietl,  But  here  thu  further  im[K)rtant  fKiint  has 
been  established,  vi7_  that  if  the  corpuscles  which  have  auchorod  the 
fc  immuiie  bo*ly  to  siituration  l>e  ccntrifuged,  wasbe<l,  and  brought  into 
Hilpntai^t  witli  fresh  ('or{)UBc)es,  the  exccs.s  of  immune  body  dissociates 
pfad  attaches  itself  to  these  fresh  corpuscles  which  can  now  be  htemolysed. 
I  As  this  experiment  illustrates  the  method  of  investigation  it  may  be 
detailed ; — 
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Tube  A 
Contains — 

1  cc.  of  6  per  cent  suspeneion  of  ox 
corpuscles. 
Add— 

Excess  (20  doaes)  of  immune  body 
from  rabbit  immune  serum. 
Stand  at  37"  G.  for  1  hour. 
Centrifuge  arid  wcuA  with  mlt  solu- 
tion. 
Add— 

1    cc.  suspension  of   untreated  ox 

corpuscles. 
Centrifuge    to    bring    corpu9cles    in 
cordact. 
Stand  at  37°  for  1  hour. 
Shake  up  and  add — 

■2    cc.    (more   than    two  doses)  of 
guinea-pig  complement. 

Stand  at  37"  C.  for  \  hour. 
Result — 

Heemolysis  of  all  corpuscles. 


Tube  B 
Contains — 

The  same  as  A. 

Add— 

The  same  as  A. 

Stand  at  37"  C,  for  I  hour. 
Centrifuge  and  vxuh  vnih  salt  solu- 
tion. 


Add— 

1    cc    suspension  of  untreated  ox 

corpuscles^  and 
'2  cc.  guinea-pig  complement. 
Stand  at  37"  C.  for  I  hour. 
Result — 

Added  corpuscles  remain  practically 
intact. 


This  result  has  also  been  obtained  by  Morgenroth  (245).  Prof.  Muir 
further  found  that  when  red  cells  were  saturated  with  immune  body  and 
then  haemolysed  by  a  minimum  amount  of  complement,  the  superfluous 
immune  body  was  not  destroyed  but  remained  linked  to  the  remains  of  the 
protoplasm  in  the  fluid.  This  was  shewn  by  the  observation  that  if  fresh 
red  blood-corpuscles  were  placed  in  such  a  fluid  at  0°  C,  then  separated 
and  washed,  no  trace  of  their  having  taken  up  immune  body  could  be 
obtained.  If  immune  body  had  been  free  in  the  fluid  we  know  from 
Ehrlich's  fundamental  experiments  (vide  p.  99)  that  the  corpuscles 
would  have  taken  it  up  at  this  temperature.  When,  however,  the  fluid 
to  which  the  fresh  corpuscles  had  been  added  was  kept  ai  37°  C.  for  an 
hour,  the  corpuscles  when  separated  and  wjished  were  found  to  have 
taken  up  immune  body.  Prof.  Muir  concludes  that  at  the  higher  tem- 
perature dissociation  of  immune  body  from  its  protoplasmic  combination 
was  effected  just  as  would  happen  with  unhaemolysed  corpuscles.  We 
can  only  give  a  brief  outline  of  Prof.  Muir's  further  results.  In  the 
first  place  there  was  evidence  that  for  every  dose  of  immune  body 
attached  to  a  red  blood-corpuscle  capable  of  taking  up  more  than  the 
simple  M.H.D.  (minimum  hsemolytic  dose),  a  dose  of  complement  can  be 
attached  to  the  cellular  protoplasm.  This  at  any  rate  is  true  for  small 
multiples  of  the  M.H.D.  of  immune  body.  This  fact  of  a  definite 
<iuantitative  relationship  between  immune  body  and  complement  taken 
with  similar  relationships  found  by  Prof.  Muir  in  practically  all  the  very 


musd  reactions  ho  has  examined^  makes  him  inclined  to  doiihi 
,'s  idea  of  a  mere  sensitisution  of  red  corpuscles  by  inimmie  boily. 
A  (nrtbcr  fact  waa  oWrved,  vix.  that  when  corpuscles  saturated  yaih 
immuiit  body  are  likewise  saturated  with  complement,  neither  complement 
fioacttixiHiiLation  of  immune  lioily  and  complement  can  he  dissociated 
fmn  tlie  cumhiiiation.  but  this  very  si^^rnficant  j>oint  has  been  brought  ont, 
family,  that  immune  body  can  be  dissociated.  This  is  an  extraorrlinary 
ctrcnmstance,  and  raises  the  most  diihuulb  question,  whether  the  imuiuue 
bodyieroLUy  a  link  between  the  sensitive  cell  and  complement.  The 
qoeatioti  is  now  all  the  more  difficult  in  consequence  of  the  work  of 
fiordet  already  de-scri1>er),  in  which  that  observer  shews  that  an  anti- 
Bmniuie  body  can  exist  which  is  operative  against  the  complcmontophil 
pDopof  the  immune  body, — this  being  the  most  dctinito  evidence  yet 
mUukH  tluit  an  inmnine  body  \a  in  reality  a  link  between  a  cell  and 
A  ntnplement  Fuither  consideration  and  investigation  is  necessury 
More  a  definite  opirtion  can  be  expressed. 

AL-^iin,  Prof.  Xluir  Iwh  adduced  evidence  in  snpport  of  the  view,  that 
I  .i::(a  capable  of  fixing  complemcntaro  widosprcfid  in  the  body,  and  that 
fum  ■tromata  of  blood ■cori>U8cles  possess  this  capacity.    That  in  the  latter 
flMea  true  fixation  here  occurs  is  indic:ite<l  by  these  facts  : — (1)  That  the 
cuuplcmcnt  cannot  }>e  detached  bysensitised  red  hlooci-eells  capable  in  other 
afcumstanees  of  taking  up  free  complement;  (2)  that  the  complemented 
nramatay  when  heated  to  a  tempci-utiii-e  which  ilestroys  this  cytolytic 
opAcity  of  complement,  no  longer  shew  any  capicity  for  taking  up  more 
oompleinent ;    (3)   tliat   no  combination    of    stromata   and    com]>lemont 
Ukcs  place  at  0^  C.     If  this  occurrence  of  direct  fixation  of  complement 
by  cvlla  Ih?  ^(ranted,  then  we  might  consider  that  innnune  body  may  not 
W  %  link  between  the  cell  and  complement,  but  may  ciiuse  a  rearrange- 
ment of  the  atomic  constitution  of  the  suscL-ptiblc  molecules,  so  as  to 
make  cuuplement   nuiro  easily   tJikcn   up.      That   prol>ably  some  intm- 
mulcetilAr  management  doc^  occur  in  htemolysis  is  indicated  by  another 
oC  Muir  and  Brawnings  results.     It  was  fuund  that  while  complenientoid 
oonid  not  prevent  haemolysis  of  sensitised  corpuscles  by  complement,  it 
toold  combine  with  the  molecular  combiniLtions  of  protoplasm  and  immune 
body,  which  occur  in  the  ha«molyscd  iluid  when  the  dissolved  corjawcies 
bid  been   previously  satunLiiH]   with  iminuno  borly.     The  special  jniint 
bere,  however,  biy  in  this,  that  the  taking  up  of  complemcntoid  by  the 
ftf^tophism  +  imnmiic  Ix^ly  combinutiofi  coiUd  prevent  this  combination 
UkiDg   up  complement  which  otherwise  it  could  have  done.     This,  in 
coDJunction  with  the  fact  that  though  very  little  complemcntoid  will  enter 
into  wirabination  with  sensitised  corpuscles  before  lysis,  a  gi*eat  deal  will 
enter  nft<;r  lysifi,  shews  thiit  a  molecular  change,  which  is  probably  very 
i|>ltcaLed.  occurs  in  the  process. 

We  cannot  enter  further  into  the  numerous  tpiestions  of  detail  which 

arui    other   reaearchcs   raise.      We  may   any,   however.   th;it   the 

ICY  on  the  part  of  Khrlicb  has  been  to  account  for  complexity  of 

by  supposing  that  in  many  instances  a  great  number  of  closely 


allied  bodies  are  involved,  and  that  the  mechuiiiBm  controlling  the 
reactions  of  thfse  sutistances  is  to  be  found  in  the  inter-relations  of 
ordinary  choniicul  attinitiea  ;  an  important  pcjint  in  such  a  .scheme  is,  of 
course,  the  presence  of  afiinities  of  different  degrees  of  avidity.  That  ft 
multiplicity  of  ruacting  htKlieaexiBta  may  be  wid  to  have  been  establi'^hftd, 
hut  whether  all  the  phenomena  are  t<t  he  accounted  for  on  Ehrlieh's  scheme, 
miiy  be  consiilered  doubtful.  Facta  which  have  eraergwl  in  the  researches 
of  both  Uoriiet  and  of  Prof.  Muir  raise  the  possibility  that  the  ap(«irent 
coniplcxily  ftf  reaction  is  duo  to  the  irdluence  of  chemical  processes  i>f  an 
order  ditferent  from  those  present  in  reactions  of  an  onlinary  tvpo.  In  fact, 
the  close  analogies  oxisting  iHStween  many  of  the  reaetiotw  concerne<i  i» 
haemolysis  and  the  toxin-antitoxin  reaction  at  otice  suggest  the  thought 
that  probably  the  problems  we  have  discussed  with  regard  to  the  latter 
will  ari-se  here  also.  W'e  have  seen  that  questions  of  reversibility  of 
reaction  and  of  the  jjossibility  of  phenomena  of  adsorption  being  present 
have  arisen,  and  it  is  extremely  likely  that  ultimately  the  processes  uf  the 
ueutralisiition  of  toxin  by  antitoxin  and  tliuse  of  hemolysis  will  be  foumJ 
to  be  reactions  of  the  same  order.  It  will  be  noted  that  the  cfunplexity 
of  materials,  alleged  by  Ehrlich  to  be  present  in  hajmolytic  reaction,  finds 
a  jxirallel  in  the  similar  complexity  which  he  asserted  for  the  coustitutiou 
of  the  soluble  bacterial  toxins,  ^^'e  have  seen  thai  the  application  of 
physico-chemical  methods  to  tlie  reaction  of  the  latter  has  resiUted  in  a 
position  whicli  is  not  altogether  fav<turable  to  Khrhch's  original  opinion. 
We  feel  that  in  the  futme  these  methods  will  l»c  freuly  apjilied  in  the 
study  of  the  problems  of  hn?niolysis,  and  we  must  be  prepared  for 
modifications  tiiking  place  in  opinion  regarding  KbrhV-h's  original  views  as 
to  the  intomctions  of  the  sulwtJinces  concerned. 

While  Khrlich's  main  funrlamental  o1>6ervations  have  been  accepted 
by  all  other  workers,  in  respect  to  one  class  of  substitnces  desc.ribeil  by 
him, — the  anticomplementa, — doubt  ha*  Iieen  cast  on  Khrlich's  views. 
Moreschi  (243(i)  has  she^ni  reason  for  believing  that  there  is  not  the 
formation  of  a  specific  anticomplementary  mil>stanceT  but  that  the  anti- 
complementjiry  [ihenoniena  are  due  t^)  complement  In-ing  merely  <le^^ftted 
from  action  with,  say,  an  amboceptor.  When  the  serum  of  one  animal 
species  is  injerterl  into  an  individual  of  another  8[>ecies,  the  serum  of  tht- 
latter  may  ilevelop  thd  cii]iaciiy  of  forming  prei;ipit;ites  with  the  serum 
of  the  former  (c.  p.  158,  "Precipitins").  Thus,  on  injecting  a  serum  con- 
taining complement  (Co  obtJtin  an  anticomplementary  serum),  the  con- 
ditiona  for  such  precipititi- formation  are  present.  That  the  action  10 
not  specific  was  shewn  in  an  experiment  of  Moreschi,  in  which  the  serum 
of  a  nibbit  treated  with  egg-ulbiunin  wjidtl  remove  the  rabbit  complement 
capable  of  acting  with  rabbit  immune  Inidy  on  ox  corpuscles  I'Uu'lich's 
views  on  the  action  of  anticomplementary  serums  must  thcii-fore  probably 
be  revised.  It  appeare<l  to  i*feitfer  and  Moreschi  (-1^1)  that  the  actions 
of  anti-imraime  bodies  were  duo  to  similar  precipitin  phenontena,  but 
T5rowning  and  Sachs  (\9fi)  have  adduce<l  e\*idcnce  that  such  anti-immune 
subtttuncett  reoUy  do  exist. 


Ehrtleh's  Vfew  as  to  the  Mechanism  of  the  Formation  of  Immune 

Body. — It  is  important  at  this  stage  that  we  should  consider  Khrlicb's 
tww  of  how  the  constituents  nf  a  hwmoJytic  senim  come  into  being. 
Firstof  iill  here  we  must  ag;un  insist  that  the  cytotoxic  factor — the  com- 
plement— is  a  normal  coiisiituent  of  an   animal's  scnim,  and  that  the 
immune  body  is  the  specific  factor  which  the  process  of  immuni«itinn 
ckiuM  to  appear  in   the  aenini.     Wo  empha<4i<^e  this  and  at  the  same 
time  again  put  forward  one  of  the  most  important  points  to  be  kept  in 
miwi  ill  our  consideration  of  bacterial  immunity,  namely,  that  e\'idence 
hu  etiil  to  be  sought  for,  there  being  during  immunisation  an  increase 
of  lie  amount  of  complement  in  the   serum   beyond   tlie  limits  which 
may  Ix;  found  in   the  normal  animal.      Wo  have   thus  hero  to  do  only 
with  ihti  ipiesiion   of   the  formation  of  immune  body.     Ehrlich's  view 
foUovB  the  lines  of  his  explanation  of  the  formation  of  antitoxin.     He 
cofigiders  that  when  such  bodies  as  the  red  bl  owl -corpuscles  of  an  animal 
are  placed  in  the  body  of  an  animal  of  another  species  certain  unsatui-atetl 
affinities  in  their  protophism  interfere  by  their  presence,  in  u  way  which 
htbu  not  explained,  with  the  meUtbolism  of  the  bwHly  cells.     That  such 
ujisct  of  metabolism  does  occur  is  shewn  by  the  fiiet  that  an  animal 
J  die  after  the  intraperitoneal  injection  of  even  washed  corpuscles  from 
jutother  animal     One  fat^'tor  in  the  metabolic  upset  caused  by  the  foreign 
Wood  is  that  certain  side-chains  of  certain  lx)dy  cells  are  saturated  by 
side-chains  derived  from  the  corpuscles  introduced.     The  cells  containing 
Uifra  thus  lose  the  service*  of  attinitiea  which  are  necessary  to  ordinary 
tneubolisni.     As  a  result  there  is  a  production  of  new  side  chains,  and  as 
immunis;itiori  progresses  an  over  pruduction  similar  to  that  occurring  in 
antitoxin  formation  takes  place,  and  finally  there  is  the  existing  ofl*  of  the 
side-chains  into  the  serum,  in  which  they  form  the  immune  bo<ly.     In 
rapport  of  such  a  view  von  Uungem  (92)  brings  forward  certain  facts. 
Thus,  he  believes  that  the  side-chains  of  the  red  cells  to  which  an  immnnc 
body  becomes  attached  are  necessary,  as  the  conception  supposes,  for  the 
production  of  that  immune  Iwxly.     He  injected  red  blood -corpuscles  sjilu- 
rated  with  inactivated  immune  senim,  and  f'umd  that  in  these  circumstatu'es 
DO  tnamune  sernm  ^vaa  produced.     Here  the  active  side-chains  of  the  red 
ceUs  were  saturated  and  thus  could  not  become  attache<l  to  any  at&uities 
existing  in  the  botly  of  the  animal  into  which  they  were  injected.     He 
further  interprets  tlie  capacity  of  the  colls  of  such   organs  as  tlie  liver, 
■pleeii.  kidneys,  lung,  and  brain  to  take  uj)  complement  from  a  serum  as 
evidence    that   there  are  in    these   cells   allinities   correspunding  to  the 
affinities  of  free  immiuie  body.     These  are  the  utlinitios  tielonging  to  the 
molocnlar  complexes  which  when  overfjroduccd  are  cast  off  and  actually 
become   the  immune  bo*ly  of  the  immune  serum.      The  cells  of   bodily 
organs  would  thus  be  the  source  of  the  specific  element  in  an  immune 
sernm.     As  to  what  cells  are   actually   conctTned  in   the  formation  of 
immune  Ixwly  Khrlich  gives  no  opinion. 

The  Hypotheses  of  Hsemolysis  in  relation  to  Bacterial  Immunity. — 
We  must  now  pass  to  consider  the   relationship  of   the  researches  on 
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h»molytie  action  to  the  problems  of  immTiiiity.  We  have  stAte<]  thjit  the 
essential  facts  of  the  hcemolytic  action  of  a  scmm,  immcly,  the  necessity 
for  the  co-operation  of  two  substances  prasent  in  the  serum,  were  first 
discovered  in  relation  to  the  artificial  intra|)eritoncHl  infection  of  animala 
with  the  cholera  ^'ibrio,  and  that  similar  facts  have  1}ccn  adduced  with 
regard  to  infections  with  typhoid.  Neisser  and  Wechaberg  (254)  have 
demonstrated  these  fundamental  facts  in  the  cases  of  certain  vibnos  of  the 
cholera  group,  and  Shiga  (311)  has  shewn  for  the  dysentery  bacillus, 
that  inactivated  goat-serum  can  be  activated  by  fresh  human  seruni. 
Bonlet  and  Oengou  (43)  have  ma^le  fiimilar  observations  with  regard  to 
the  serums  of  animals  immunised  against  the  organisms  of  plague, 
anthrax,  and  swine  erysipelas,  at  least  in  so  far  that  the  immune  body 
and  complement  are  taken  up.  No  lysis,  however,  occurred,  and  they 
have  adduced  no  evidence  that  the  bacteria  were  killed.  There  is  thus 
no  doubt  that  in  immunisation  against  many  bacteria  (in  oiu*  present  stat« 
of  knowledge  the  limitation  is  im]>ortant)  the  capacity  on  the  part  of  an 
animal  for  killing  the  Imcteria  is  associated  with  the  appearance  in  the 
aenira  of  immune  bodies,  which  render  these  bacteria  susceptible  to  the 
action  of  the  complement  naturally  present  in  the  animal's  brxiy.  In  the 
meantime  we  simply  take  this  as  tnie  in  the  form  in  which  we  have 
statod  it.  Whether  in  this  form  the  statement  represents  the  whole 
truth  is  a  matter  for  later  discussion.  We  may  further  say  that  we 
consider  it  to  be  unwise  to  generalise,  as  has  been  far  too  commonly  doDe, 
from  the  particuhir  cases  examined  to  all  cases  in  which  bacteria  are 
killed  in  the  body.  We  may  take  it,  however,  that  there  is  a  general 
identity  between  the  action  of  many  antibacterial  immune  serums  and  the 
action  of  hiemolytic  serums.  The  question  now  arises  whether  the  death 
of  the  bacteria  in  an  immune  semm  is  dependent  on  a  scries  nf  physical 
changes  similar  \^  those  concerned  in  hiemolysis.  Wc  do  not  know  what 
the  essential  featiue  of  hemolysis  is,  but  evidently  we  must  keep  in  mind 
the  possibility  that  bacteriolysis  is  an  essential  phenomenon  of  bactericidal 
action.  At  any  rate  bacteriolysis  may  be  of  that  kind  of  change  which  is 
inconsistent  with  the  contiuued  life  of  bacterial  protopliism.  Kesoarch 
has  disclosed  the  occurrence  of  actual  bacteriolysis  as  an  accom]Uiniment 
of  bactericidal  action  only  in  immunity  against  the  typhoid  and  cholera 
groups  of  bacteria.  On  the  other  hand,  since  there  is  evidence  in  the 
cases  of  the  hacillns  of  anthrax,  the  bacillus  of  swine  cry'sipelaa,  the 
bacillus  of  dysentery,  that  substances  of  the  nature  of  immune  body  and 
complement  are  concerned  in  a  l)actericidal  action  in  which  Uicteriolysis 
cannot  bo  said  to  be  present,  it  follows  that  there  is  prf)bably  a  comraiinity 
of  essential  process  between  bacteriolysis  and  certain  types  of  bactericidal 
action.  This,  however,  in  no  way  jnstitics  the  assumption  of  necessary 
identity  between  bacteriolytic  and  bactericidal  action  which  is  very 
commonly  made.  In  certain  cases  of  imratmity  against  bacteria  it  may 
be  doubtful  whether  a  bactcricitlal  action  ever  exists  in  the  semm. 
In  snp|>ort  of  this  statement  we  may  allude  to  the  results  obtainwl  by 
Sir  A.  E.  Wright  and  Dr.  Windsor  (377)  working  on  the  bactericidal 
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[irfl|«frti«  nf  human  scmms.     Sir  A.  E.  Wright  (365)  had  prcvnoiwly 

Ui<l  tbc  \iiii.U  for  meiisuring  by  a  new  method  the  bactericidal  power 

ii(  thv  serums,  ;in<l,  both  alone  (3(>2)  and    also   in    collaboration  with 

l»r.  Windsor,  applied   this   method   to    human   serums,  and    obtiiined 

evidence  that  increased  capacity  for  killing  bacteria  within  the  body  is 

DM  uoeasarity  cotrelated   with    incremm^l   bactericidal    potency   of   the 

nram.    In  the  ciwcs  of  typhoid  in  man  and  the  rabbit,  and  of  cholera 

a  1^  rabbit,    it   was   shewn    that    lifter    immunisation    there    was    an 

iacnue  of  liactencidal  jK^wer  in  the  »enini.     On  the  other  hand,  in  a 

awia  vbich  the  tre:itment  of  a  patient  with  dead  cultures  of  i^taphylo- 

ffttu  pyogenes  aureus  had   I'esulted    in   an   immunisation,  as   ehewn   by 

ttM  (iisAppeArance  of  a  tendency  to  funmculosis  of  some  yeni's'  standing, 

fbrf  WM  no  increase  of  )mctericidal  power  in  the  serum.      In  ordinary 

imiiiimimistHi  mtMi  ihero  is  usually  prej»ent  in  the  serun*  a  conaidenible 

'    i'ulal  capacity  towards  such   bacteria  as  the  /f.  typhotttis.      Xo  such 

\   existed  with   regard   to   the  Sfajthi/locvcrus  j'tfotjenes  aureus,  the 

■  ■ecus   of    Malta   fever,    the    plague    bacillus,    and    prolvibly    tlie 

.\  ^  .*  .flvrw    ptfHjenf^,    and    the    diphtheria    bacilli.       The    absence    of 

ractericidfll    effect   towards    the   ataphylococcua  by  animal   serums   had 

fffi'^Tously  been  observed  liy  Dr.  NuttJilI  (260).     These  resejirches  ojHjn 

npj  fresh  field  of  inrjuiry,  as  they  raise  the  cjucstion  whether  immunity 

Agiiittt  bacterial  infection  may  not  be  due  in  different  cases  to  different 

oweluuiisms. 

Awilogigs  hehvaen  Htnnijhpis  nnd  Bartenolysis, — We  may,  however, 
«y  that  apart  from  actual  bacteriolysis  the  relation  of  the  facts  of 
iurmolysis  are  of  importance  from  the  stjiudpoint  of  immunity  against 
iii/ertivc  diiwaae.  This  is  the  caso  not  only  l^ccausc  of  the  facility  with 
fhich  the  processes  can  be  studied  and  of  the  great  exactitude  nf  the 
tacthodd  which  are  applicable,  but  also  becjiuse  in  the  investigation  of  the 
mUtions  of  immune  body  and  complement  the  molecular  relationships 
cf  the  sulistaaces  through  which  protoplasm  acts  arc  again,  as  in  the  case 
of  the  toxin-antitoxin  reaction,  brought  to  view. 

Jn  the  ca«e$  in  wbicli  general  resenibhince  ha**  Iteen  estjiblishcd  between 
e:ssential  fcjuurea  of  Ijactcriolysis  and  hiemolysis  there  arc  also  striking 
tmblances  in  detail.  Thus  PfeifTer  and  Friedl»ergur  (277)  have 
«4i]ttc«cl  reaiiou  for  Vielienng  that  i\a  with  red  blo<Hl-ceIls  so  with  cholera 
Tibrios,  the  protoplasm  is  capalile  of  taking  up  many  more  amboceptors 
than  arc  necessary  for  mere  solution.  If  a  lysing  dose  only  of  an  anti- 
Hiolorm  «enim  be  injected  into  a  guinea-pig  tftgethcr  with  a  M.Ti.D.  of  the 
Wbrio,  the  lysis  of  the  latter  is  followed  X»y  ii  development  of  an  inunune 
mram  in  the  animal.  On  the  other  haml,  if  an  excess  of  the  immune 
«etiun  is  in  the  tirst  instance  administered  no  immune  serum  results. 
The  interpretation  given  is  that  in  the  first  cose  the  lysis  set  free 
mksaturated  bacterial  receptors  which  stimulated  amboceptor  production. 
In  the  second  cjl^,  when  lysis  occuired  the  su|>erfluou8  receptors  being 
■itTir^te*!  with  aml)Oceptors  could  have  no  such  uclion.  T*feiffer  and 
Fnedlicrgrr  have  further  come  to  the  conclusion  that  the  receptors  of  the 
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cholera  cells  which  can  Hx  the  Hmboceptors  of  an  immunised  rabbit  arei 
the  8amo  re<eptors  which  can  fix  the  amboceptors  of  an  inmttinisei:!  gtwt. 
Again,  thoy  (276)  have  ahewn  that  against  the  latter  an  anti-immune 
bo<ly  can  i)e  deveh>pei),  and  that  it  is  effective  against  the  cytophihc 
affinity  of  the  amboceptor.  Such  facts  indicate  that  not  only  in  brotid 
gonoral  principles,  but  also  in  the  finer  details,  bactoriol^'tic  action  is 
atudogouK  to  the  hemolytic,  and  afl'ord  a  justification  for  the  labour 
oxpcnded  in  tlic  investigation  of  the  phenomena  of  the  latter. 

Bacteriolysis  in  relation  to  the  Pathogenetic  Effects  of  BaeterJa.— 
In  (-oniicxion  with  iho  r-eiation.s,  in  ceruiJTi  cafjes,  of  bacteriolysis  n>  the 
dwith  of  invading  bacteria  there  ai-ises  a  question  which  it  will  be  well  at 
onco  to  consider.  This  relates  to  the  efl'ects  which  a  bacteriolysis  may 
have  in  the  lilieration  in  the  Ixnly  of  the  contents  of  the  dissolved 
biictorial  i:olls.  The  phenomena  which  here  emerge  conatitute  the  Ixifii* 
of  n  very  cuntplex  problem.  In  every  artificial  culture,  and  possibly  when 
giY»wing  in  the  living  animal  Itofly,  whether  an  inunune  serum  be  present 
or  not,  Imclcria  are  constantly  dying,  and  their  lM)dies  are  breaking  up. 
In  the  c/wo  of  fatal  infectious  in  the  li\-ing  bod}^  Uadziewaky  has  shewn 
that  differences  in  staining  reactions  uui  l>e  observed  in  the  bacteria 
present  in  the  tissues.  These  differences  he,  in  all  probability  correctly, 
intorprcUs  ivs  evidences  that  the  cells  are  undergoing  degenerative  changes 
whit'h  end  in  death.  Piof.  Welch  (3.i4)  al-so,  in  the  case  of  the  pneumo- 
coccus,  hoa  observed  in  exudations  thiit  bacteria  situuteil  both  without  and 
within  cells  show  alterations  in  staining  reaction  which  certainly  denote 
degeneration  tuid  dejith.  \S'e  have  seen  that  Bordet  is  of  opinion  that 
tlio  hiiMiinlysis  whi(^h  tan  be  producetl  by  exposing  red  cells  to  distilled 
water  dilVors  from  the  haemolysis  produced  by  an  immune  serum.  We 
have  thtw  Uj  keep  in  mind  the  possibility  that  processes  presenting 
timitur  ditferences  occnr  in  the  bacteriolytic  [phenomena  of  infection. 
The  mere  recognition  of  this  pcssibility,  however,  is  not  the  most  im- 
portant consideration  here.  What  we  really  have  to  think  of  is  the 
e(r«*!t  of  l»acteri<jly8is,  huwever  it  may  have  been  pro<inced.  The  mc«t 
ftorious  elVect  which  can  occur  is  the  liberation  of  the  intracellular  toxins. 
It  in  only  in  the  light  of  what  occurs  in  immunity  fi-om  infection  that 
the  aclioti  of  these  toxins  can  be  properly  understood.  The  relations 
of  jtnniuno  serums  to  the  toxic  substances  present  in  Iwicterial  cells  Iwve 
lHM)n  studied  by  Pfeiffer  and  M'assermann  (281)  in  cholera,  by  Pfciffer 
and  KoUe  (278)  in  tj-phoid  infection,  and  by  KoUe  (163)  in  the  case  of 
plague.  In  the  case  of  cholera,  amounts  of  a  liacterieidal  .serum,  which 
were  capable  of  killing  the  bacteria  in  from  ten  thousand  to  twenty  thousand 
M.I*. I),  of  livini^  culture,  were  injected  intrapcritoneally  along  with  in 
one  ciise  3^  M.L.D.  of  li\-ing  culture,  and  in  another  case  5  M.L.D.  of 
the  "uimo  ;  in  two  houi"s  serious  sympiums  of  intoxication  set  in  a»id  both 
lUiimaU  diiMl,  iho  one  in  nine  hours,  the  other  in  ten  hours.  That  the 
lMict4>ricidaI  power  of  the  serum  had  not  failed  was  shewn  by  the  fact  that 
In  one  cjute  no  living  bacteria  were  found  in  the  peritoneal  cavity  after 
death,  and  in  the  other  only  a  very  few.     Similai*  results  w€*re  obtained 


TTt^  typhoid  serums ;  a  thousand  tiroes  the  nmount  of  serum  capable  of  pro- 

twUogR  guinea-pig  against  infection  with  I  M.L.r>.  of  living  bacilli  could 

not  protect  an  animal  against  about.  2A   ^f.L.I).  of  h  dead  culture.     In 

tbe  cut!  of  plague,  Kollc,  from  old  cultures  from  which  the  actual  bacterial 

hodies  had   been    separated    either    by    filtration    or    centrifugalisation, 

obtained  a  fluid  which  nianifestefl  toxic  pruperlies.   Kepeateti  doses  of  this 

fttid  vero  injected  into  horses  with  a  view  of  immunising  them.     It  was 

fpoul,  however,  that  their  serum  j)ossessed  no  capacity  of  protecting  nnimnls 

i0UBitt   the    dissolved    intracellular    poisons    mied    in    the   attempt    at 

■<n.     In  connexion  with  this  subject  it  may  l>c  noted  that  in 

iia-nt  l*ft'iffer  observed  that  the  animals  injected  with  the  dead 

WiJiM  ui  cholera  vibrios  and  immune  aennn  died  in  a  shorter  time  than 

the  control  animals  which  received  the  deatl  bo<lips  of  the  bacteria  alone. 

Than  experiments  furnish  eWdence  that  the  immune  serums  of  the  bacteria 

aiiiwrnol  do  not  possess  antitoxic  projwrties  towards  tlie  iriti'acellular 

Uirin^  to  which  such  a  great  part  of  the  i>athogenetic  action  of  the  bacteria 

ippeirs  to  be  due.      In  fact  the  lastHjuoted  observation  of  Tfi^ilfer  makes 

IT  coiiwivalile  that   the  bacteriolytic  action  of  an  immune  serum  may 

idaally  increase  pathogenetic  effect*,  in  that  the  solution  of  the  bacterial 

pnttoplasm  m;iy  h;iaten  the  passage  of  the  intracellular  toxins  into  the 

csrulftlioD.     It  thus  ap|)ear8  poflsible,  and  even  pmbablc,  that  the  intra- 

ttHular  toxins  have  no  relation  to  the  development  of  a  bactericidal  action 

tntmrnuiiity  against  infection,  and  in  this  there  is  a  striking  contnust  to 

what   h.ipperiR  in  the  case  of  the  extnicellular  soluble   poisons.      And, 

fartbrr,  these  toxins  may   play  very  little,  if  any,  part  in  stimulating 

Ute  animal  l:H>dy  to  resist  a  natural  attack  of  an  infectious  disease.     This 

helps  ua  to  understand  what  really  takes  place  in  the  cases  of  fidminating 

intoodcfttion  aa  it  occurs  in  some  infections,  stich  as  some  cases  of  scarlet 

ferer,  and  .vtme  septicaemias,  where  death  may  occur  in  a  few  hours  after 

l)l«  oocnmencement  of  the  illness.      In  such  a  CJise  a  rapid  multipliration 

of  the  caoaal  organism,  followed  by  the  death  of  a  great  many  indiviilual 

hflcterial   cells,   causes  a   lilieration   of   intracellular  toxins,  against  the 

actioo    of  which   the   lK»dy  has  no  protective  mechanism.      But.  it  is 

naXunl  to  ask,  by  what  means  does  the  body  of  an  immunised  animal 

l^in  the  capacity  of  producing  a  bactericidal  serum  ?     We  must  consider 

possibility  that  parU  of  the  Imcterial  protoplasm  which  are  in  thom- 

oontoxic,   but  which  are  essential   to  the   continued  life  of  the 

are  the  agents  by  which  the  bactericidal  action  originates — a  con- 

m  which  is  quite  intelligible  on  Ehrllch's  hypothoHls.     The  molecules 

of  the  imraccllular  toxins  may  have  no  affinities  for  cells  in  the  animal 

,  and  though  they  may  act  after  the  niantier  of  the  alkaloidal  poisons, 

may  have  little  or  no  capacity  for  |ir(Mluclng  antitoxins.     Other 

-uhir  complexes  in  the  bacteria!  cell,  and  those  on  whose  integrity  the 

inued  hie  of  the  cell  depends,  may  have  artinities  for  side-chains  which 

an  Decefisary  to  the  xital  metabt>lism  of  the  animal  Itody.     Thus  the  pra- 

daction  of  anti-lxMlies — in  this  case  immune  botlies — may  be  stimtUated, 

and  bacteriolysis  or  bactericidal  action  results.     But  so  far  as  an  animal 
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fighting  against  a  bacterial  infection  is  concerned,  its  chance  of  8Urvi\'&J 
may  depend  on  whether  by  immune  body,  cither  natmiiUy  produced  or 
artiliciiilly  supplied  to  it  and  butliciently  complemented,  it  shall  havex 
killud  all  the  bacteria  pn>duccd  by  njiturwl  baettiriul  mnlLipliciition  before 
the  sum  total  of  intracellular  toxin  present  in  its  body  has  reached  a 
minimal  lethal  dose.  The  acceptance  of  such  a  conception  is,  we  must 
admit,  not  without  its  difficulties.  These  difficulties  chiefly  arise  from 
the  considomtion  of  what  occurs  during  immuniflation.  We  have  seen 
that  one  of  the  obgtacles  to  the  e<isy  immuiasntion  of  animals  against 
certain  infections  is  that  while  immune  body  is  readily  produced,  the 
natural  amount  of  complement  is  probably  not  at  all  increased.  But  there 
may  Iw  a  second  obsuicle  to  immunisation,  namely,  that  there  is  set  free 
at  each  fresh  injection  of  l>acteria  (whether  li\niig  or  dead)  an  amount  of 
intracelhdar  toxin  against  which  the  body  has  no  protection.  It  cannot  \w 
said  that  here  we  have  experimental  data  sufficient  to  warnuit  the  expres- 
sion of  an  opinion  on  the  questions  involvetl.  For  in  many  cases  ilurin;^ 
immunisation  such  largo  amounts  of  bacterial  protoplasm  as  oomj:)aii.'d 
with  the  minimal  lethal  dose  are  employc<l  that  we  must  hesitate  to  say 
that  no  protection  against  inti-acellular  toxins  exista,  or  at  any  r»t« 
that  the  establishment  of  a  tolerance  similar  to  what  occiu^  say^  in 
the  case  of  morphine  is  not  possible.  But  wo  cannot  oxcbide  the 
[lossibility  that  in  certain  ca-ses  antitoxic  substances  may  not  Iw  developed 
against  intracellular  toxins.  For  instance,  Metchnikoff.  Kfnix.  and 
Taiirolli-Salimbeni  (239),  by  the  injections  of  toxic  filtrates  of  cholera 
cultures,  produced  a  serum  capable  of  protecting  an  animal  against  thil 
toxin  which  no  doubt,  as  in  Kolle's  filtrates  of  plague  cultiues,  contained 
intracellular  toxins.  These  obseners  also  found  that  the  serum  probably 
owerl  its  effect  to  properties  (piite  different  from  those  possessed  by  a 
bactericidal  senim  piixlucod  by  injecting  the  Itodies  of  the  cholera  vibrio. 
A  certain  degree  of  antito.\in  production  is  also  stated  by  Mjirkl  (211)  tc 
have  been  observeil  by  him  by  the  injection  of  filterwl  plague  culturee. 
Such  antitoxin-production  is,  however,  as  we  have  seen,  denied  by 
Kolle  (163).  In  the  case  of  the  typhoid  Ijacillus,  Dr.  A.  MacFadyeii 
(191)  has,  by  employing  the  expressed  juices  of  the  organism,  produced 
a  serum  protective  against  the  living  Imcilli ;  he  attributes  its  action  tc 
the  endotoxins  present  in  the  flui<l  used  for  immmusation.  >So  far  as 
our  present  knowledge  goes,  we  must  admit  the  possibility  that  endo- 
toxins can  give  rise  to  antitoxin  formation.  Such  antitoxins  are, 
however,  probably  fonued  by  an  animal  with  very  great  difficulty  and  ir 
relatively  small  amount.  The  whole  subject  is  at  present  beset  witli 
difficulty. 

Points  t^lating-  to  the  Therapeutic  Use  of  Antibacterial  Serums.— 
We  have  seen  the  analogies  which  exist  Iwtwcen  the  bodies  concerned  in 
certain  bacterial  immunisations  ami  those  concerne<l  in  haemolysis.  It  k 
natural  that  we  should,  as  in  the  case  of  antitoxin  development^  inquire  hew 
also,  on  the  one  band,  as  to  the  part  played  in  recovery  from  disease  bji 
the  development  of  substances  in  the  serum^  and  on  the  other  as  to  thi 
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■ppJicttion  of  immune  seniiDs  in  therapeutics.  The  consideration  of  the 
fonner  (jucation  is  bound  np  with  one  to  be  presently  considered,  namely, 
the  nuuiifefitations  of  collular  activity  which  occur  in  disease  ;  we  shull 
hera  cuuftne  our  attention  to  cctUiin  scientific  points  in  the  therapeutical 
»p{tiicalioti  of  inunune  g«*nimB. 

Utk  of   C&ntphnifiht. — The   first  point   here   is   a    corollai-)-  to  the 

diftcnlty  which  arises  from  the  fact  that  no  increase  in  complement  occurs 

diinng  antiKict^rial  immimisation.      It  follows   from  this  that  a  fresh 

aninud  cut  by  the  injection  of  an  imnuine  serum  only  be  protected  against 

thai  number  of  living  bact-cria  which  can  be  killed  by  the  comlnned  action 

of  the  uiiount  of  c<>mplemeiit  it  niitiinilly  coiiUiins  pluft  the  amount  of 

imiDUiie  body  with  which  that  oomplcmoiit  can  combine.     If  we  leave  the 

pontile  action  of  intracellular  toxins  out  of  account,  and  consider  only  the 

MQtinned  existence  of  the  bacteria  as  the  source  of  danger  to  an  unimal'ti 

life,  thu  amriuut  of  complement  in  the  body  is  the  sole  factor  determining 

tiu  iiiimbcr  of  bactcrin  which  c/m  l)c  killed.     Be  thoi-e  ever  so  much 

immune  )kx1}'  introiluced  into  an  animal  durin<;  an  infection,  even  thuugh 

ttui  immune  btxly  become  aitachcd  to  l>actuniL  in  the  tissues,  the  vitality 

of  ibe  bacteria  will  Ik?  »maftcct«d  unless  sufficient  comjjlcment  be  present 

to  Act  OD  them  through  the  imnmne  budy   which  tliey  have  absorVted. 

WusennAnn  (3C4)  has  shewn,  in  the  attempted  protection  of  giiinca-pig& 

ipiut  typhoid  infection  by  the  injection  of  an  antityphoid  serum,  that  an 

UJAuJ  may  tlie  even  though  it  has  so  nuich  free  immune  body  present  in 

iU  lerum  tiiut  when  that  serum  is  injected,  together  with  typhoid  bacilli 

into  another  animal,  the  second  animal  may  in  this  way  be  protected 

a^inat  a  fatal  illne^.     The  explanation  is  that  the  complement  available 

ID  the  first  animal  had  been  all  used  up  before  the  typhoid  bacilli  were 

b'Llod  ;  the  immime  body  present  in  ita  serinn,  hawcvcr,  when  introduced 

to  the  second  animal  won  corapicmented  by  that  animal's  ^erum  ;  the 

nd  animal  was  thus  in  a  position  l-o  ulilifle  material  which  in  the  body 

of  the  firvt  animal  was  practically'  inert  matter.      In  this  connexion  it  is 

important  to  note  that  some  evidence  has  been  adduced  to  shew  that  during 

iitf«ction  the  ordinary  complement-prwlucing  function  of  bo<iily  cells  is 

iaterfered  with.     Schiitze  and  Scheller  (308)  had  investigated  the  effects 

of  introducing  washed  goat-corpuscles  intravenously  into  normal  rabbite 

— the  Borum  of  the  latter  animal    having  in  vitro  a  njitnral   ImMiiolylic 

action  on  the  erj'thnxytes  of  the  former.     If  within  a  quarter  of  an  hour 

the  rabbits  were  blwl.  a  marked  fall  in  the  hemolytic  capacity  of  the 

nparated  »erum  was  manifest.     This  was  shewn  to  be  due  to  lack  of 

CQaipIemcnt,  but  in  a  few  hours  the  blood  rt^gaincd  its  ordinary  heemolytic 

[lower.      In  an  animal,  however,  in  which  an  infection  with  the  orgjuiism 

of  hog  cholera  ha<I  been  pnicti.sed,  the  recovery  of  complement  after  the 

injection  of  goiit-s'  corj>uscles  did  not  take  place.    This  observation  may  be 

compared  with  that  of  Ehrlich  and  Morgcnroth  (109,  p.  9B),  that  in  Hnimals 

poiMnad  with  phosphorus  a  disappearance  of  hiemolytie  complement  could 

be  obserrod.     These  observations  are  of  the  highest  importance  if  taken 

in  coojunciion  with  the  fact  aheady  recorded,  that  even  in  immunisation 
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there  Is  not  any  great  increase  of  complement  in  the  serum.  The  using 
up  of  this  liody  in  Actual  infection  is  thus  very  serious.  In  these  circum- 
stonces  it  is  natural  that  the  artificiui  supply  of  the  substance  should  be 
thought  of.  In  certain  cases  this  can  he  done,  but  the  successful  substi- 
tution of  a  foreign  complement  for  that  made  by  the  infected  animid  is 
subject  to  many  limitations. 

The  Neissn'-UWh^rij  Phewmu-non. — In  this  connexion  it  has  been 
found  that  in  ca.sea  in  which  it  is  possible  to  supply  complement  to 
the  infected  animal  it  may  not  be  safe  to  supply  such  complement 
except  in  certain  doses.  This  results  from  the  work  of  Neisser 
and  Wechsberg  (254),  with  which  we  shall  now  deal.  These 
observers  studied  the  effects  of  the  action  on  the  nhi-io  Mddtnikon 
of  :in  immune  body  derived  from  the  immunisation  of  rabbits  with  that 
bacterium,  the  comjik'mL'iit  used  being  derived  from  fresh  rabbit-scrum. 
They  found  that  the  immune  body  and  complement,  when  brought  in 
contact  iti  certjiin  qmintity  with  a  given  amount  of  vibrio  culture,  mani- 
fested a  definite  bactericidal  action,  which  resulted  iu  the  death  of  all  the 
bacteria  present ;  if,  however,  in  similar  mixtures  there  was  placed  a 
gre.'iter  amount  of  immune  body,  the  anniunt  of  culture  and  comple- 
ment being  kept  the  same  as  before,  the  bactericidal  action  was  no 
longer  manifested  and  the  bacteria  did  not  appear  to  suffer.  They 
observe<l  the  same  phenomenon  in  similar  experiments  with  the  typhoid 
biicillus  and  \\'ith  the  Kordhafen  vibrio  (one  of  the  cholera  group).  la 
the  latter  case  the  phenomenon  Wivs  obtained  with  four  different  oom- 
phnuMitary  surums.  Shi^'U  (31 1 )  observed  the  same  [fhenomcnon  in  study- 
ing the  l)acterici<lal  capacity  tuwanis  the  dysentery  bacillus  of  immune  body 
from  the  horse  complemented  with  fresii  horse-serum,  and  similar  results  have 
been  obtained  with  the  vibiio  MrirhnTJcon  by  Lipstein  (IH4).  Neiseer 
and  Wechsbcrg's  explanation  of  the  occurrence  is  as  follows : — As  will 
be  remembered,  Ehrlich  shewed  for  hipmolytic  serums  that  the  immune 
iKxIy  Hpparently  [Ktssesdes  a  greater  aHinity  for  the  susceptible  cells  than 
it  docs  for  coniplcment,  in  that  it  will  combine  with  the  cells  at  0'  C,  at 
which  temperature  it  remains  free  from  any  eoniinnation  with  complement. 
Neis.scr  and  Wech^berg  hold  that  similar  allinity  phenomena  do  not  occur 
in  the  case  of  the  relations  of  Itaderia^  immune  body  and  complement. 
A  case  is  $up[)osed  where  in  such  a  mixtiu-e  there  was  excess  of  com- 
plement, that  is,  more  than  sidhcient  complement  for  all  the  immune 
body  capable  of  being  taken  up  by  the  bacteria.  If,  as  with  hscmolytic 
serums,  the  affinity  of  immune  UkIv  iov  Iwicteria  were  greater  than  its 
affinity  for  complement,  then  if  with  exces.s  of  complement  there  was  also 
excess  of  immune  body  the  bactericidal  effect  would  be  the  same.  The 
iKurterijd  side-chains  would  be  saturatetl  with  immtuie  Itody ;  the  weoJcer 
complement  would  ultimately  attach  itself  to  the  immune  body  and  work 
its  bactericidal  action.  If,  however,  the  affinity  of  imnnuie  body  for 
complement  were  greater  than  its  affinity  for  the  luicterial  protoplasm,  the 
occurrence  of  excess  of  immune  body  would  have  a  different  effect.  The 
immime  body  would  become  linked  to  free  complement  uid  pass  the 


hmoera  by;  many  side -chains  of  the  bacterial  cells  might  thus  be 
amtorftled,  and  the  baetem  might  esca]>e  from  the  action  of  the 
oomplemont  and  continue  to  live.  This  is  an  extremely  hypothetical 
txpIintioD  of  the  i>henomenoD^  and  rests  on  the  assumption  that  the 
immiint:  bod}-  acta  aa  a  link  betwei'ti  tlie  siwceiitibl**  cell  and  ihe  cora- 
plonent — a  possibility  regawling  which,  as  will  have  been  seen,  we  prefer 
U)  keep  an  open  mind.  The  question  might  be  asked  why  a  small 
Am<iiuic  of  the  |>owerful  combination  of  immune  body  plus  complement  in 
more  lUtfly  to  atUich  itself  to  tlie  weak  affinity  in  the  bactenal  protoplasm 
tlwn  -A  Urge  nmoimt  of  the  s«nne  combination  ?  We  prefer  to  Jiccept 
no  explanation  of  tbo  Neisser-Weclisberg  phenomenon,  but  merely  to 
note  tliAt  in  the  case  of  certain  immune  serums  an  excess  of  immime  body 
Ajipran  when  complemented  to  produce  less  biictericidal  effect  than  a 
leMr  amount  of  the  stmiu  body.  It  may  be  stated  that  Gay  (133//)  bos 
oiggested  an  explanation  of  the  facts  similar  to  that  given  by  Moroschi 
for  the  anti-complementary  reaction. 

CanpUniy  of  Aniihaciennl  SntimM. — We  now  pass  to  consider  what  con- 
rttoltea  the  moat  serious  limitation  to  the  artificial  supply  of  complement 
tu«n  infected  animal.    This  results  from  the  probibility  that,  as  we  have 
seen,  immune  serums  are  of  a  very  complicated  constitution,  so  ihat  even  in 
laingle  .serum  there  may  l>e  several  immune  bodies  and  several  complements 
«ting.     An  illustration  of  how  the  views  regjirding  this  complexity  are 
spplifabie  to  l»etericidal  serums  may  bo  ^iitheiod  from  the  work  of  Wechs- 
beig  (349).   This  observer  found  that  pigeons  could  not  be  protected  against 
the  effects  of  inoculation  with  the  rihrvj  iMHrknikori  by  injecting  inactivatetl 
imtaune  serum  from  the  rabbit     The  reason  was  that  there  was  no  com- 
pjemettt  in  the  pigeon  to  make  this  immune  body  availal>le.    This  was  de- 
duced from  the  observation  thatwhileimictivated  mbbitimmunc  senun  could 
be  «cti\*ated  by  normal  rabbit  complement,  pigeon  scrum  neither  had  any 
intwral   bactericidal  action  nor  could  it  activate  inactivated  rabbit  genim. 
The  pigeon  could,  however,  be  protected  from  fatal  infection  by  ailminia- 
tering  inactive  mbbit  serum  along  with   normal  rabbit  complement.     If 
the  pigeon  were  itself  immunised  against  the  vibrio,  then  it  yielded  a 
serum  which  was  protective  in  vho  and  also  luicteiicidal  in  vitro.     Even 
this  serum^  however,  could  not  com])lement  inactive  rabbit  scrum,  from 
vhich  Wechsberg  deduces  that  the  complementophil  group  of  the  pigeon 
immune  body  was  not  identical  with  the   corresponding  group  of   the 
nbbit  immune  l)ody.     A  curious  oltst-ivation  was  that  if  very  large  doses 
of  the  rabbit  immune  body  were  injected  into  the  pigeon  the  animal 
did    not  die.      Wechsherg's   interpretation   of   this   is    that   there  may 
en  two  immune  bodies  in  the  rabbit's  senira,  one  of  which — 
in  large  quantity — did  not  find  a  sufficient  complement  in  the 
pigeon's  body  ;  the  other — present  in  ver)'  small  amount — finding,  how- 
«Tcr,  an  atletpiate  complement.     This  example  illuBtrates  very  well  the 
exceedingly  difficult  problems  which  have  to  Iw  fiiced  in  attempting  to 
utilise  for  therapeutic  purposes  the  knowledge  acquired  regarding  bacteri- 
cidal serums.    With  regard  to  the  artificial  supply  of  complement,  it  will  be 


recognised  that  no  principle  can  be  laid  do^rn  which  might  form  h  guide 
in  selection,  uiid  that  at  present  the  search  can  l>e  only  a  process  wf 
groping  in  the  dark,  in  which  the  trial  in  any  given  ciisc  of  all  thf 
available  serums  in  all  possible  combinations  is  the  only  hopeful  mejimire. 
It  ha«  been  suggested  that,  for  any  particular  animal  species,  complement* 
might  bo  found  in  the  serums  of  alUed  animals,  but  tia  yet  this  suggestion 
has  produced  little  result.  Khrlicfa  and  Morgenroth  have  also  suggested 
that  in  oi'der  to  provide  serums  containing  a  number  of  immune  bodies, 
some  one  of  wluch  might  be  capable  of  being  complemented  by  an  infected 
Hnimal'ii  serum,  a  uiixture  of  serums  frmn  several  ditferent  species,  aU 
immunised  against  the  infected  agent,  might  be  useful.  Such  serums  might 
be  included  among  the  polyvalent  serums,  of  which  we  shall  speak  later. 

There  are  yet  other  limitations  to  the  artificial  supply  of  complement 
to  which  allusion  must  be  made.  In  the  first  place,  immune  serums  rapidly 
loBfl  their  eoniplemeiit»  on  stiindin;:,  so  that  iti  a  few  (lays  there  Js  very 
little  of  this  subsUinco  left.  In  the  socoinl  pliicc,  wo  have  seen  that  when 
foreign  complement  is  injecti^d  into  an  animal  its  serum  manifesto  anti- 
oomplemenuiry  j)ropertiefi.  If  (ju,  however,  there  is  reason  for  doubting) 
such  anti-complement  is  of  the  same  nature  as  the  other  anti-bodies,  its 
foiimition  will,  according  to  Khrlichi  proceed  along  the  usual  lines  res\Ut- 
ing  in  the  cjusting  oil'  of  HUperHiions  sifle-cliains  into  the  plasma.  The 
development  of  these  anti-complementary  properties  may  result  in  the 
neutralisation  of  any  foreign  complement  still  remaining  or  subsequently 
introduced.  Even  if  such  a  process  do  not  occur,  thf  fixation  of  com- 
plement in  bodily  cells  may,  it  is  evident,  prevent  foreign  complement 
being  utilised  for  the  purpose  for  which  it  was  introduced  into  the 
infected  animal.  It  has  actually  been  shewn  by  v.  Dungem  (9^)  and 
others  that  bodily  cells  can  take  up  complement^  so  that  these  remarks 
have  not  merely  a  theoretical  interct^t,  and  the  difficulty  of  the  situation 
is  thereby  increased. 

Some  attempts  have  been  made  to  stimulate  the  production  of  com- 
plement in  the  body.  Issaeff  {\^S)  had  early  in  the  inveatigatton  of 
artificial  immunity  adduce<l  evidence  to  show  that  the  resistance  of 
animals  to  cholera  could  Ik*  slightly  raised  by  the  injection  of  salt 
solution,  albumin,  urine,  nuclein,  etc.,  an<l  Dr.  Bulloch  (57 J  and  others 
have  shewn  that  com])lement  can  be  increase*!  by  the  injection  of  a 
vegetable  casein  (alenrone).  Such  attempts  are  well  worthy  of  further 
attention. 

Our  general  conclusion  here  must  be  that  in  the  caso  where  immune 
body  is  intro<hiced  in  order  to  assist  an  animal  in  its  fight  against 
bacteriid  invasion,  such  immune  Iwdy  is  best  made  avaihible  when 
the  animal  itself  can  supply  an  adequate  complement.  At  present  the 
problem  of  the  artificial  supply  of  complement  cumot  be  said  to  have 
been  solved.  It  is  not  .surprising,  therefore,  that  the  knowledge  gained 
regarding  bactericidal  action  still  awaits  it0  practical  application  in 
disease. 

The  Constitution  of  Normal  Bactericidal  Semims. — Just  as  in  normal 
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serams hemolytic  elements  occur,  bo  many  of  these  Rerunia  normally  possess 
UdcricMln]  pi-oi^crties.     As  we  shall  sei>  presently,  the  siihstances  respoii- 
fible  for  such  properties  were  called  by  Buchner  oltxins.    A  very  striking 
property  of  these  substances,  which  was  first  otfsened  by  Dr.  Nuttall  (r. 
ft  12i?),  was  their  themiolability.     In   all  prubability  this  l>actencidal 
uUm  (alls  into  line  with  the  facts  known  regarding  h.'emolytic  serums  and 
imnrane  hactericidai  serunis.     In  spejiking  of  naturally  hemolytic  serums, 
vtbAveaeen  that  the  haMnolytic  properly  is  here  also  lost  on  the  application 
|ftfb«atata  temperature  such  as  destroys  bactericidal  alexins.     We  have 
Abotten  evidence  fur  l>elie\ing  that  natiual  ha^molytic  fiction  is  due  to 
Um)  presence  of  a  thermostable  swh-irMtil-irrptr^  in  virtue  of  which  the 
UienDotnl)ile  alexin  or  complement  acts.     It  is  natural  that  wc  should  ask 
whether  similar  facts  hold  gfxxl  of  the  normally  biicti^Ioidal  seiunis.     There 
v  little  doubt   that  ihermostaiblo  substances   concerned   in   Imctericidal 
ftctim  do  occur.    Thus  Wochsberg  (349)  found  evidence  that  the  atldition 
^of  iioaterj  normal  rabbit-serum  increased  the  bactericidal  action  of  guinea- 
towards  typhoid  bacilli.     Malvoz  (203)  has  adduced  exiJcrimenla 
that  the  normal  serum  of  the  dog  contains  a  thermostjible  sub- 
MiQM,  which  along  with  the  therinolabile  serums  of  the  rabbit,  the  rat,  and 
liie  gtiinea-pig  is  taken  up  by  antbrix  bacilli.     Tina  has  been  confinned 
bri^bit  blood  by  Bail  (12)  by  biictericidfU  experiments.     These  results 
A^geet  that  suischetticirqter,  analogous  to  natural  hiemolytic  pwischeitbtrpn, 
do  oocur.    So  far  as  we  arc  aware,  no  attempts  have  been  made  to  obtiiii» 
I  bftotericidid  serum  free  from  the  thermostable  boily,  in  such  a  nnmner  as 
_iw  been  donu  with  hipmolytic  sorums  when  the  ^uHsrMenhtt'pt.r  have  been 
toved  by  keeping  sensitive  cells  in  contact  with  the  active  serum  at  0"  C. 
js   highly    likely,    however,   although    the   subject   requires    further 
ition,  that    the   bactericidal    properties   of   semms   are   due   to 
W  presence  of  thermostable  and  thermolabite  1>odies  analogous  to  the 
eabstancea   concerned   in   hemolytic  action.     It    is   probable  that  light 
would  be  thrown  on  the  numerous  apfwrently  contnulictory  projiertiea  of 
Inctericidal  serums  by  further  investigation  of  these  constituents,  and  it  is 
berc  that  the  miimto  resoai-ches  which  have  been  pursued  regarding  the 
oonatituents  and  interactions  of  hismolytic  serums  may  be  usuJul.     Thus, 
WaMermann  (343)  oliserved  that  in  the  typhoiil  infection  of  the  guinea- 
pig  the  beneficial  cflects  of  goat  immune   serum   were   limited   by   the 
deficiency  of  complement.      This  deficiency  coidd  be  overcome  by  the 
injection  of  normal  ox-sci'um. 

While  Ehrlieh  has  expanded  hisside-chain  hypothesis  of  toxin-formation 
to  cover  the  case  of  the  development  of  immune  tx>dy,  and  while  thei-e  is 
•ome  evidence  in  support  of  his  \iew,  it  is  evident  that  we  are  here 
dealing  with  a  much  more  complex  phenomenon.  We  have  not,  as  in 
imDmn)s:ition  against  a  soluble  toxin,  to  dn  with  a  Huid  which  may  find 
jtfi  way  to  any  part  of  the  body  and  pass  fi-eely  iiil-o  the  bodily  cells.  AVe 
to  deal  with  solid  bodies,  be  they  l>acterial  or  animal  cells,  and  it  is 
union  of  sidc'chains  in  ttiese  foreign  cells  with  side-chains  in  the  cells  of 
the  animal  being  immunised  to  which  we  have  to  look  for  the  production 


of  immune  body.  Two  possibilities  to  explain  how  this  comes  about 
might  be  advanced.  In  the  first  place,  it  might  be  necessary  for  the 
foreij;n  cells  to  be  Uken  up  by  the  body^'ells  in  oixler  that  tlie  necessJiry 
moleculai'  union  might  occur ;  or,  secondly,  the  side  chains  of  the  foreij^n 
protoplasm  might  be  dissolved  out  into  the  fluids  of  the  host,  and  thus 
act  as  if  they  were  soluble  toxins,  though  of  coui-s©  they  need  not  be 
themselves  to.xic  A  third  possibility,  suggested  by  the  results  of  Miiir 
and  of  Morgcnroth,  might  be  considered.  It  is  possible  that  the  mt^re 
contact  of  the  foreign  cells  introduced  ^vitli  the  cells  of  the  bo<ly  might 
result  in  a  transference  of  molecules  from  tlie  one  to  iho  oLhcr.  We  sliall 
presently  consider  the  Uiking  up  of  foreign  cells  by  bwbly  cells,  and  the 
possible  part  played  by  such  an  ingestion  in  relation  to  immunisation  ;  but 
we  may  say  here  that  apart  from  the  facts  brought  forward  by  von 
DiHigern  as  to  the  impossibility  of  obtaining  an  immune  serum  by  means 
of  cells  satur.'ited  with  iinrnune  body,  we  are  still  in  want  of  evidence 
bearing  on  the  mechanism  of  the  genesis  of  immune  bodies,  and  we  have 
no  conception  of  how  the  serum  comes  to  possess  vomplemcntarj 
bodies. 


Thk  Phenomenon  of  PnAoocYTOsrs 


entar^^ 


Tn  discussing  the  prenous  theses  we  have  recognised  two  of  the 
striking  facts  regarding  the  development  of  immunity  against  bacterial 
disease,  namely,  the  appe;irance  in  the  serum  of  immune  animals  of  anti- 
toxic substances  and  of  bactericidal  substances.  We  have  looked  on 
the  occurrences  simply  as  facts  regarding  scrums.  We  have  only  looked 
partially  at  evidence  for  the  origi?i  of  the  special  sulwtances  occurring  in 
the  serum,  and  we  have  not  inquired  how  far  the  properties  of  the 
serum  represent  the  properties  of  the  plasuui  of  the  circulatoiy  blood. 
There  are  thus  many  questions  regarding  inimimity  still  open.  The 
chief  of  these  will  emerge  in  the  discussion  of  our  third  thesis,  which  is  as 
follows :  fFhfn  bacteria  ^in  an  enfmnee  to  the  bodtf  ihoj  are  firqu^thj  taken 
Hp  in  a  limn^  condition  by  ceils  and  there  is  evidence  tlutl  thry  are  there 
desiri/1/al ;  sttch  an  occurrence  is  d^nomijuUetl  phtujiKyioais,  Tliere  is  very 
strong  evidence  that  in  an  animal  recovning  from  disease^  arid  in  an  immune 
animalt  t}ie  otpfuHies  vj  phagtictftic  celh  are  e^tpcfuUly  great. 

Wo  are  tu)w  brought  in  contact  ^vith  the  hypothesis  associated  with  the 
name  of  Mctchnikoflf.  This  hypothesis  in  its  earliest  form,  and  even  in  its 
more  recent  doveloi>raents,  covered  the  whole  field  of  immunity.  In  ita 
ongimit  form  its  author  (236)  looked  on  the  taking  ui)  of  the  invading 
bacteria  by  the  leucocytes  of  the  blyo<l,  and  by  cells  derived  especially 
from  various  endothidia,  its  the  essence  iK>th  of  recovery  from  disease 
and  of  artificial  immunity.  This  view  was  conceived  before  the  true 
pathology  of  Itacterial  action,  es[>ecially  where  that  action  depends  on 
the  elaboration  of  toxins,  was  undorstoixl,  and  before  the  antitoxic 
and  bactericidal  properties  of  the  scrums  of  immune  animals  had  been 
recognised.     As    investigation    revcale*!    new   aspects    of   the    infective 
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proctnes,  Metchnikoff  (237)  recognised  the  nec&ssity  for  mctrlifying 
•n4  daborating  the  hypothesis  to  suit  the  progress  of  knowledgCj 
with  the  result  that  a  very  harren  controversy  hafi  raged  between  Its 
upholders,  who  would  strain  the  phagocytic  capacity  of  cells  to  meet 
t\try  phenomenon  of  iramiini»u.ion,  and  its  opponent.^  who,  without 
heing  able  to  substitute  the  activity  of  any  other  grouji  of  cells  in 
iniDuiiisatiun  for  that  of  the  phagocytes,  have  yet  denied  to  these  cells 
tlie  fiutction  assigned  them  by  Metchnikoff,  or  at  any  rate  have  ^vithont 
raison  ignorc<]  the  possibility  of  their  exemsing  such  functions ;  in  the 
Moving  remarks  we  must  attempt  to  hold  an  even  balance  between 
the  opposing  schools.  The  chief  modification  wliich  hua  taken  {Aace 
in  MetchnikotT's  opinion  is  that  he  recognises  the  complexity  of  tlie 
procQfies  at  work,  especially  in  bactericidal  action,  and  inclines  to  the 
view  that,  while  actual  phagocytosis  is  necessary  for  bactericidal  action 
in  iome  of  its  phenomena,  other  phenomena  arc  to  be  explained  by 
pbgocrtic  cells  pro<lucing,  in  the  serum,  substances  necessary  for  the 
'leatfa  of  bacteria.     We  shall  go  into  this  matter  in  detail  later. 

Aletclmikoff's  \iew8  on  the  part  played  by  phagocytosis  in  the  local 

iCKtioD,  which  may  occur  in  a  Imcterial  invasion,  and  whose  phenomena 

we  of  the   nature  of  an  intlamniation,  have  Wen  gone  into  at  length 

in  the  article  on  that  subject  {st:c  **  Inllammation,*'  vol  i.  p.   741).     The 

ictual  cells  which  in  the  Ixnly  may  be  attracted  to  bacteiia,  and  which 

aukf  perform    phagwytic    functiuns,  have   there    l>een   fiUIy    described. 

re   will    therefore   confine    our    remaika    to    the    statement    that    the 

igocytes  are  divided  by  Metchnikoff  into  two  groups,  the  microjihafjett 

and  the  nuunopfuvirs.     Of  the  microphages  the  chief  example  is  fountl  in  the 

>lymorphonut:lear  leucocytes  of  the  bhwMl.     As  t\i>es  of  the  macrophages 

may  take  the  large  mononucluar  hyaline  cells  of  the  blood  and  the 

pviular  mononuclear  cells  common  in  senms  exudations,  the  varieties  of 

which  have  been  described  by  different  authors  under  various   names. 

The  relations  of  these   cells  to  each  other,  to  the  by;dine  cells  of  the 

blood,  and  to  certain  cells  occurring  in  the  splenic  pulp  cannot  l>e  said  to 

be  u  yet  made  clear.     Further,  it  is  not  known  what  relationship,  if 

any,  they  1>ear  tu  the  cells  lining  the  lymph-sinuses  of  l\'mphatic  glands 

and  the  &inuBe«  of  the  splenic   pulp,     Tu  these  cells,  umter  the   name 

of  fixed  phagocytes,  Metchnikoff  attributes  functions  alliexl  to  those  of 

celU  which  move  freely  in  blood-vessels  or  lymph -spaces.     To  understand 

die  relationRhi|»s  of  phagocytosis  to  immunity,  we  must  clearly  recognise 

the  nsUtions  of  the  processes  included  under  the  term  inflammation  to 

buterial  infection  generally.     In  speaking  of  the  pathoKigical  effects  of 

buiterial  action,  we  pointed  out  that  these  are  to  be  classified  as  partly 

the  expression  of  injury  to  the  tissues,  and  partly  as  the  expression  of  a 

rital  reaction  of  the  tissues  against  the  Kicterial  invasion.     Any  parti- 

ddar  case  of  inflammation  is  a  complex  of  such  phenomena  manifested 

in  a  pBrticuUr  locality  in  the  body.     But  the  process  called  intlamma- 

is  only  a  particular  example  of  what  follows  bacterial   invjision. 

may  be  injury  with  hardly  any   reaction,  as  in  many  rajiidly 


fatal   cas«6   of  infection ;   there   may  be  reaction   with   only   a  cmaU 

amoiuit  of  injury,  iia  happens  in  iramuitiBation  procedures.  The 
prominent  feature  of  inflamniationa  and  of  reactions  without  much  in- 
jury is  the  activity  of  the  group  of  bodily  cells  turmed  phagocytes  by 
Metfhiiikuff,  hut  which  we  should  prefer  to  call  the  reaotive  cells — thus 
avoiding  undiw  empha&jg  on  one  of  their  functions.  Whether  or 
not  the  degenerative  changes  characterising  what  is  called  inHamma- 
tion  occur  in  any  case,  we  now  pmceetl  to  study  the  cellular  reaction 
in  its  general  relationships  as  being  a  phenomenon  of  very  great 
frequency  when  the  body  suffers  a  bacterial  invasion.  In  a  local 
inflammatory  reaction  the  result  of  the  effort*  of  i-eactive  cells  may  lie, 
and  very  often  is,  the  death  of  the  invading  bacteria.  The  occurrence  of 
local  inflammation  is  often  an  incident  in  the  process  of  immunisation, 
especially  in  antibacterial  immunisation,  such  as  immunisation  against 
the  Strept<Kocai--i  pifogetys ;  in  these  inflammations  actual  phagocytosis, 
or  the  taking  up  of  bacteria  by  cells,  is  a  frequent  occurrence.  In  the 
resultant  immunisation,  however,  there  is  some  change  wrought  in  the 
body  generally.  Every  phagocyte  in  the  body  and  every  drop  of  the 
animal's  serum  may  become  possessed  of  new  properties.  The  injection 
into  any  part  of  the  body  of,  say,  one  M.L.D.  of  the  bacteria  against 
which  the  animal  is  immune  may  now  be  followed  by  none  of  the 
former  inconveniences.  It  is  the  soiu'ce  of  this  tjeneralhation  of  tfftti 
that  we  have  to  think  of  in  considering  the  relationship  of*  jjhagocytosis 
to  immunity. 

In  studying  the  problems  of  immunity  from  the  standpoint  of  the 
pbagocytio  liypothesis  we  shall  find  that  a  considemtion  of  tht<  phenomena 
of  recovery  from  disciise  plays  a  large  part.  When  an  animal  is  the 
subject  of  infection  by  li\nng  bacteria  and  recovers,  by  what  means  has 
the  death  of  the  Imcteria  been  brought  alK)ut  ?  Accoiding  to  Metchni* 
kufF's  view,  it  is  entirely  in  virtue  of  the  phagocytic  capacities  of  ceitjiin 
celfe.  The  biicteria  arc  taken  up  into  the  cellular  protoplasm  and  ;u-e  there 
killed.  If  a  subtothal  dose  of  l»icteria  be  administered  the  ]]hagocytes 
soon  take  up  all  the  organisms  ;  if  a  lethal  dose  be  present  then  either 
the  phagocytic  reaction  is  insutticient  or  the  phagocytes  are  absolutely 
repelled.  There  can  bo  no  doubt  tliat  phagocytosis  is  a  very  common 
occurrence,  and  also  that  the  movement  of  araoiboid  colls  towards 
bacteria  and  the  graduid  incorporation  of  the  latter  can  be  oWrved 
microscopicalt}'.  The  questions  which  have  been  raised  are,  whether 
phagocytosis  is  or  is  not  universal  in  recovery  from  infection,  and 
whether  an  cxtnicellular  destruction  of  bacteria  does  not  also  take  place. 

The  Taking  up  of  Uvlngr  Bacteria  by  Phagocytes. — With  regard 
to  the  first  tjuestion  there  arises  anothei",  namely,  as  to  whether,  suppos- 
ing that  in  all  Uieterial  infections  phagocytosis  docs  occur,  the  bacteria 
present  arc  «ll  taken  up  into  cellular  protoplasm.  M'ith  regard  to  the 
first  of  these  queations,  there  is  little  doubt  that  in  l)actorial  infec- 
tions phagocytosis  is  practically  universal.  It  can  be  observed  with 
the  septia^mic  streptococci  and  staphylococci,  with  the  piioumococcus. 


the  gODOCOccus,    the  Micrococcus   mflHensit,    the   Bacilivs   anthraas^    the 

tiihcTtle  b»cilhiflf  the  leprosy  t>acilUis,  the  liticillus  jwstiSj  in  fact  in  all  the 

buUtria  uaociated  ^'ith  ordinary  human  infections.     Further,  though  the 

4iKstioft  has  not  1>een  invef^tigated  in  all  cases  of  phagocytosis,  e\'ideneo 

httliMn  found,  in  eji«e~s  where  it  h;us  been  sought  for',  that  the  urganiBuis 

tn  taken  up   in  a   living  condition.     Thus  Metehnikoff  (237,  p.   151) 

obaml  in  an  infection  of  the  frog  vith  a  motile  orgunisni  like  the  B. 

pfr^aaiji  that  when  the  Ijacteria  were  taken  up  hy  the  leucocytes  they 

ouiiU  l>c  seen  for  a  time  executing  active  movements  within  the  cellular 

Tioioles  iu  which  they  were  contained.     Further,  if  such  cflls  which  bad 

wwriy  uken   up   bacteria   were  remove*!   from  the  aninial'H  body  and 

k'jiL  at  a  temperature  at  which  they  wnuld  flic,  active  proliferation  of 

ti)e  lactcria  took  place.     Again,  MetchnikoH'  (227)  hns  pointed  out  that 

iiriitg  Wteria   do   not  stain  with  an  old  aqueous  solution  of  vesuvin 

ihisnutfck  -  brown )    while    dejul    bacteria    arc    Rtained.       Now   in    cells 

cnnttifting  bacteria  some  of  the  latter  do  not  stain,  while  the  greater 

mnber  do.     The  fate  of  the  bacilli  when  they  have  been   taken  up  is, 

•wpding   to    Motchnikoff,   that    they  are    killed    and    digested.       The 

d«lh   of    the    bacteria    may    be    delayed    for    a    considerable    time. 

Tina,  Mesttil  (224)   found   evidence   that   living  and    nrulent  l>acteria 

"TO  present  in   the   cells   of  the  frog's   lymph-snc   several   days  after 

injection,  and   further  that  the  virulence  of  the  bacilli  did  not  appear 

to  hare  been   affected  by   their  sojourn   in   the  phagoej'tie  cells.      Tlie 

bMtem  on  being  taken  up  by  the  cells  iiie  frequently  ol>ser\'ed  to  be 

Inlged  in  vacuoles  in  the  cellular  protoplasm.     That  the  fluid  contents 

of  these  vacuoles  manifest  an  acid  reaction  when  the  cell  is  treated  with 

I  J  per  cent  solution   of  neutral  red,  is  taken  as  e\"idence   that   they 

cantjiin  a  free  acid,   and   thus  resemble   the  contents  of  the  digestive 

raeuoles  of  many  protozoa.     The  further  fact   that  whereas   the  stain 

ttmed   has   no  colouring  effect  on   living   bactertji,  but  gives  the  acid 

tint    to    bacteria    t;iken   up    into    phagocytes,    ifidicates,    according    to 

Mrtchnikoff   (237,   pp.  89,    192),   that  the   bacteria   are   imbibing   the 

•cid,    and   are    probably   being   prepare^l    for    the    digestive    action    of 

the   intmcelluliir  fermenta  or  cytoses,   of  which   we  must  speak   more 

in  detail  later. 

Phagocytosis  in  relation  to  Recovery. — MetchnikoH's  view  of  the 
ooun>e  of  events  which  occurs  in  recoverv  from  disease  may  best  lie 
iUnstrated  from  his  work  on  the  inoculation  of  pigeons  with  the  liacillus 
of  anthrax  (229).  The  pigeon  8he\v8  considerable  resistance  to  this 
org»niam,  so  that  if  a  series  of  individuals  be  inoculated  with 
»n  ordinary  culture  only  about  hiilf  <iio.  Oppoitunity  is  thus 
Afforded  of  comparing  the  course  of  a  fat;^l  with  that  of  a  non-fatal 
inn«a&  AVithin  four  hours  of  thu  subcutaneous  injection  of  the  bacilli 
local  inflammatory  appeamnces  with  leucocyt-ea  occxu",  and  the  taking 
op  of  the  Itftcteria  by  both  the  microphones  and  mncropha^jfn.  When  a 
ooD-fata]  event  is  to  occur  it  is  observed,  in  from  twenty-four  to  forty- 
dgbt  hours,  that  very  few  Iwicilli  remain  free  ;  while  in  cases  which  will 
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end  in  death  the  number  of  bacilli  incorporated  is  markedly  less — the 
majority  being  free.  The  l)acilli  within  the  pliagocytes,  whilst  maintain- 
ing their  foi-m,  shew  signs  of  dejjeneration,  isuch  as  are  indicated  by 
alterations  in  the  appearance  of  the  protoplasm  and  in  staining  reaction. 
Where  much  phagocytosia  has  occurred  the  frtie  bacilli  may  shew  similar 
degenerative  appearances,  which  are  alti-ilmted  to  the  liberation  of  the 
organisms  either  in  the  living  liody  or  in  the  course  of  the  microscopic 
tecbni<iue  by  the  breaking  up  of  the  cellular  protoplasm.  Some  of  the 
apjxirently  Qormal  bacilli  pnwent  in  the  exudations  of  animals  destined 
to  recover  may  be  looked  ui)on  as  having  died  from  causes  similar  to 
those  which  account  for  the  death  of  many  individuals  in  any  ordinary 
artificial  culture.  In  iiny  case  the  criterion  by  which  the  probable  issue 
is  to  be  judged  is,  whether  the  majority  of  the  bacilli  is  or  is  not  in- 
con>orated  by  phagocytes.  When  the  phagoc\'tes  take  up  the  effective 
majority  of  the  microbes  the  latter  gradually  die  and  are  dige.sie*!,  the 
irritative  local  phenomena  subside,  and  the  animal  returns  to  the  normal. 
With  regard  to  the  Jictive  pliagocytes,  many  may  return  to  the  blood- 
stream through  the  lymph,  but  in  the  case  of  many  of  the  vUnr^tphogu 
they  arc  often  in  turn  taken  up  by  macropka{/es  and  tciTaiuate  their 
existence  in  a  raannei"  analogou.s  to  what  occurs  in  the  case  of  many 
effete  leucocytes  in  the  spleens  of  normal  animals.  In  a  non-fataj 
illness  the  bactena  are  almost,  if  not  entirely,  confined  to  the  point  of 
inoculation.  When  a  fatjil  illness,  on  the  other  hand,  is  imminent  a  more 
general  distribution  of  the  bjicilli  is  obsenxd,  but,  according  to  Mvtchni- 
koff,  phagocytic  acti'vity  in  different  parts  of  the  body  may  still  be 
manifested.  Thus,  he  obsened,  in  the  anthrax  of  pigeons,  bacilli  taken 
up  in  the  liver  by  Kupffer's  cells,  by  the  enduthcliiim  of  tht»  ho|);itic 
veaBelfif  and  by  the  colls  of  the  splenic  pulp.  In  generalised  infections 
the  occtirrence  of  free  bacteria  is  a  marked  feature.  This  outline  of 
what  may  be  seen  in  anthrax  in  the  pigeon  may  be  taken  as  Metchnikoff's 
views  as  to  what  occurs  in  fatal  and  nun  fatal  infections,  and  of  the  part 
he  assigns  to  the  phagocytic  activity  of  cells  in  infective  processes. 

Phagocytosis  in  relation  to  Immunity. — If  we  tTu-n  to  what  occurs 
in  thi!  inftx(ioi)  of  animals  .'irtiticiiilly  immunised,  wc  find  that  here  also 
Mctchnikoff  consitlers  that  the  main  factor  is  thu  activity  of  the  leucocytes. 
Thus,  he  compares  the  course  of  events  in  an  infection  of  the  anterior 
chamlier  of  the  eye  with  the  rihrio  MekhnUion  in  an  immunised  guinea- 
pig  with  what  o<:ciU's  in  an  ordinary  animal.  In  both  there  is  at  first  a 
general  ophthalmic  inHammalion  with  opacity  of  the  cornoiL  At  the 
eixl  of  four  hourti  in  the  unimmnnised  animal  the  fluid  in  the  anterior 
chamber  contains  many  >'ibrios  and  almost  no  leucocytes.  Active  multi- 
plication of  K-icteria  goes  on,  the  body  generally  is  invaded,  and  death 
results.  In  the  immunised  animal,  on  the  other  hand,  many  leucocytes 
are  present  which  already  contain  bacteria  in  their  proioplasoL  This 
phagocytosis  goes  on,  and  though  there  is  evidence  that  the  bacteria  are 
taken  up  in  a  living  condition  they  ultimately  perish. 

Metchnikoff's  work  on  phagocytosis  led  him  to  formulate  a  hypo- 


tboui  ti>  exptnin  alt  the  phenomena  of  recovery  from  disensc  and  of 
lamiDiiitf.  This  was  to  the  etfect  that  when  }>acttiriii  gained  an  entrance 
into  ih«  borly  the  phagocytic  cells  were  either  attructcd  t^^wartls  them  or 
nrjKllnl.  If  phagiMrytes  were  atlnicted  iu  sutlicifiiit  numbers,  and  after 
irKorpomtijig  the  bacteria  killcil  them,  re^?(lvel•y  of  the  infected  ,inimal 
umk  place.  If,  on  the  other  lumd,  the  ph;i^ocytcs  were  insutticient,  the 
Wl«riii  mullifitifd.  and  the  anininl  died.  The  termin.ition  of  an  infec- 
tioo  IU  nearly  all  caaee  would  often  depend  on  the  rniraber  of  bacteria 
intnxJaecd;  n  non-lethal  dose  would  be  dispoiwd  of  by  pha^<M:yte.s.  As 
aansequcnee  of  such  a  successful  uombiii,  the  iKxlily  cells  might  acquire 
»ji?«aler  capacity  for  killinjjthe  liactoria  in  question,  and  thus  Jin  ininuinity 
iiJL'h:  !w  »et  up.  Iniinnnity  against  bacterial  infection  is  solely  a  question 
'tun  increase  in  the  phagocytic  activity  of  the  iMxlily  cells. 

Th«  hypothesis  has  given  rise  to  enormous  controversy.  This  has 
muhly  arisen  frrjm  the  facts  re^^rding  the  occurrence  of  bactericidal 
yftirmi  in  ^erum^^,  which  Kunu  into  prominence  80*>»  after  Motchniknff's 
caditst  piiblicationB«  and  the  diseu!ssions  have  mainly  turned  on  whether 
tbf  ilcstniction  of  Iwicteria  in  tiio  animal  body  takes  place  within  or  without 
'ha  bodily  cells.  It  has  thus  l>een  common  to  nnitrjist  humoral  with 
wUular  conceptions  of  immunity,  thuugh  the  deniarcation  is  not  justified 
hrtiets;  and,  further,  those  who  have  worked  most  at  the  subject  would 
bvleut  inclinc<l  t<»  range  thcmaclvea  as  adherents  of  any  hypothesis. 

!%tij^ic.yioiHf  in  rthilioii  to  thr  /'fojMTties  of  Serfims. — Amongst  the  early 
criticipniR  to  whiih   Metchnikotr's  hypothesis  was  subjected,  that  of  Dr. 
.Vuttall  (2(50)  was  moat  important.      Tliis  observer,  studying  the  effect  of 
iDOculation  of   the  naturally  immune  frog  with  anthrax,  observed   that 
phagocytosis  occurred  in  about  16  hours  after  inoculation,  and  continued 
op  to  9U  to  1'20  hours.     ?Te  made  a  numerical  estinuition  of  the  relative 
Dombors  of  l«acil!i  which  during  this  phagocytosis  were  within  iind  with- 
out the  cells,  and  found  that  only  from  50  to  70  per  cent  were  takeit  up 
f»y  tin*  leut^ocytes.      The  extrafcllular  lenctjcytes  often  shewe*!  degenerative 
changes,  and  similar  cliangeH  were  visible  in  hanging-drop  preparations  of 
fpog't  lymph  infected  with  antlirax  bacilli.     By  keeping  individual  bjicilli 
Mmlinuoiisly  ini<ior  observation,  be   watched   the  development  of  these 
appe&n»nL'e>>  in  >mcilU   that  had  never  been    taken   up   into  leuco<:ytos. 
This  last  observation  is  of  very  great  imi>ortAnce  in  view  of  Mctchnikofl's 
opinion  Ihat  the  ajiparent  extracfllidar  dei^eneratiori  was  to  be  accounted 
for  by  the  view  that  the  affected  Iwicteria  had  escaped  by  the  briy»ki[»g  U]> 
itl  phagocytic  cells.     Or.  Nuttall  subsequently  notetl  that  the  exposure  of 
b*cilU  to  the  serum  in  snch  cirennistanccB.  i,e.  when  the  uranisms  were 
ly  contained  in  cells  and  partly  free,  was  followed  by  death  ;  this  was 
'ad  by  the  obsen'alion  that  no  growth  occurred  when  the  Uicteria  were 
tfcrrcd  to  nutrient  media.     He  also  first  obdcrved  that  the  iMU'terieidal 
•rlics  of  such  a  serum  were  lost  when  it  was  heated  to  52''  C.  fnr  half 
hour.     I*r.  Nutt-all  alw*  nnte<l  Hiniilar  bactericidal  effects  of  soniras  on 
orgunisms  as  the  B,  .'■■vbftiis  and  the  U.  mf.gatht^rinni^  which,  so  far  aa  is 
do  not  usually  manifest  puithogenetic  effects.     These  results  were 
rou  II.— IT.  1  K 
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followed  by  tlie  investigatious  of  Buchner  (50),  who,  working  along 
similHr  lines  with  !*everjil  bacteria,  hui  esiK'ciuIly  with  the  lyphniil 
bacillus,  noted  the  bactericidal  properties  of  the  serum  nnd  the  loss  ot 
these  properties  when  the  serum  was  heated  for  h»lf  an  hour  to  55  C. 
It  may  here  Iw  pjireiithetiailly  remarked  that  while  the  dfgree  of  t«m- 
perature  necessary  for  the  deBtniction  of  bactericidul  action  vorioa  in 
particular  instances,  Buchiier's  re.sult  may  be  taken  as  covering  the 
majority  of  ca«es  observeil.  Buchner  c^illeti  the  Iwtctericidal  Inxlies  (i/onirA 
On  account  of  their  susceptibility  to  lieat,  of  their  precipit-ition  by 
ammonium  sulphate,  and  of  their  sharing  with  such  a  ferment  as  invertin 
the  ciirioua  property  of  bein^y;  protected  agmnst  the  action  of  heal  by  the 
presence  of  ammonium  sulphate,  he  plated  them  amongst  the  enzymes. 
There  is  no  doubt  that  the  thormuiabilo  substances  of  Nuttall  and  the 
alexins  of  Buchner  arc  the  cuniiilemerits  that  we  have  atreath*  fully  dis- 
cussed. Nuttall  and  Buchner's  work  gave  rise  Ui  many  criticism.-*.  Kor 
instance,  Fischer  (121)  attributetl  the  b;ictericidal  actions  of  serums  \*i 
plasmolysis  caused  by  the  transference  of  bacteria  to  a  Huid  ditlerenl 
from  that  to  which  they  had  been  growing, — a  view  which  is  probably 
nrgativotl  by  the  existence  of  specificity  of  bactericidal  action  in  sei-ums. 

The  main  cHecl  of  the  work  of  Nuttall,  Buchner.  and  other  in- 
vestigators along  similar  litics,  was  to  cuusc  Metchnikoft's  views  on 
immunity  to  be  <|ucstioncrl,  and  to  contirm  the  tendency  we  have 
alluded  to  lis  already  in  existence,  to  subKtilnte  for  a  cellular  a 
humoral  conception  of  immunity.  It  thus  became  common  to  consider 
that  recovery  from  infective  disease  in  an  ordinary  animal  and  the 
insusceptibility  of  immunised  animals  might  be  due  to  the  bactericidal 
qualities  of  their  scrum.  On  the  possible  sources  of  these  bactericidal 
properties  little  attention  was  bestowed  by  the  humoralists.  A  fiercr 
controversy  rageil  fiuni  alH>ut  18HH  onwards  K»ctween  the  ujibolders  of 
the  two  views.  Dr.  Nuttall  had  observed  that  the  serum  of  a  sliee[> 
immunised  against  anthmx  [wssoased  greater  bactericidal  action  than  that 
of  an  untreated  sht^ep,  and  Rehring  (18)  attribnted  the  high  degree  of 
resistance  to  anthrax  possessed  by  white  rats  to  bactericidal  properties  of 
their  serum,  which  could  be  demonstrated  m  Pi7ro  towards  the  org-anism  in 
question.  Bchring  mul  Xissen  (-*3)  liad  ob-serveil  that  while  the  senmi 
of  ordinary  guinea-pigs  had  no  bactericidal  efioct  on  the  vibrio  Mdrhnt 
kodf  the  immunisation  of  such  animals  against  the  bacterium  was  accom- 
panied by  the  appeai-ance  in  the  senmi  of  bactericidal  proj>erties  towards 
the  vibrio.     Met<*hnikoff  himself  (230)  confirmed  this  observation. 

As  illustrating  the  progress  of  this  controversy  and  the  indirectness 
of  the  evidence  often  brought  to  Itear  oti  the  rpu^stions  at  issue,  we  may 
refer  to  certain  researches  on  the  bactericidal  qualities  of  the  serum  of 
the  white  rat.  Dr.  Hankin  (144)  had  brought  forwaixl  evidence  that 
the  serum  of  this  animal  when  adde<l  to  anthnix  luit-illi  and  introduced 
into  the  susceptible  mouse  prevented  the  development  of  anthinx  :  and 
Ogata  and  JuHuhara  (261),  working  with  frog  .-md  dog  serums,  adduced 
simihir  experiments.     Mctchnikoff  and  Rour  (23S)  confirmed  this  oliaer- 


valion,  but  ])oint£(1  out  (in  accordance  with  Dr.  H;iTikin'8  results,  but 
coBtivy  to  what  occurred  in  the  analogous  experimenU  of  the  Japauoae 
otaerrent)  that  if  tlie  seruui  ;ind  the  bacilli  were  introiluced  at  different 
putt  of  the  body  no  preventive  olfcct  was  proihiced.  On  further  inijUiry 
lh«v  compared  the  different  appearances  presente*!  locally  in  a  nmuse 
infected  with  the  mixture  of  serum  and  anthrax  sjto/nf  with  those  in  a 
maim  inoctdated  with  spores  alone,  and  they  found  that  the  great 
(IHTotiicc  noticeable  wua  that  in  the  former  there  was  an  accumuhttion  of 
k«wc)te6  which  did  not  occur  in  the  latter.  These  leucocytes  took  up 
nvty  all  the  s|>ores,  which,  however,  began  t-o  multiply  after  a  few  days 
>m)  killed  the  animal.  From  this  the  authors  deduce  that  the  serum  has 
no  effect  in  causing  an  immunity  in  the  susceptible  animal  when  numbers 
"rf  »eg««live  bacilli  and  senim  are  injected  without  subsequent  fntJil 
fwult.  AH  that  happens  is  that  the  bacilli  actually  introduced  with  the 
Mramare  kilted. 

The  general  conclusion  of  the  earlier  controversy  may  be  said  to  have 

'^'1  that  normal  serums  did  possess  bactencidal  properties,  which  probably 

•iffjcniled  on  the  ]>resence  of  specific  proteid  substancee.     This  Iwcteri- 

«il»I  action  w:ia  manifested  towaids  both  pathogenetic  and  non-jwlho- 

pTiftic  bacteria.     Its  existence  in  relation  to  any  particular  bacterium 

ffiiiJiJ  not  he  certAitdy  correlat-e<i  with  any  immunity  possesseti  by  the 

Animal  from  which  the  scrum  was  derived.      Thus,  as  Metcbniknfi"  (228) 

pointed  out,  the  sei-um  of  the  rabbit  and  of  the  dog  bad  eqmd  bacteri- 

cidid  properties  towards  the  biiciihts  of  anthrax,  though  the  former  animal 

vu  very  suM;eptible  and  the  latter  pnictioally  immune  to  the  disease. 

Xo  deduction  could  thus  be  made  as  to  the  bearing  of  the  possession  of  a 

Imctericidal  senmi  on  the  existence  in  an  animal  of  natund  immunity 

Comirds  a  disease.     Nor,  on  the  other  Imiul,  taking  into  account  such 

obMrralions  as  those  of  Dr.  Nuttall  on   the  occurrence  of  intracellular 

dageiMsrution,  could  the  actual  taking  up  of  iKicteria  by  i)hagocytes  be 

looked  on  as  proved  to  lie  an  alisolntely  essentiid  factor  in  the  mechanism 

of  immunity.     On  the  other  hand,  phagocytosis  had  to  lie  recognised  as  a 

Tery  constant  concomitant  oE  recovery  from  disease,  as  it  occurred  in  cases 

of  non-fatnl  illness  both  in  unimniunisod  and  in  inimuniserl  intlividuals. 

In  f»ct.  the  upholders  of  a  purely  humoral  hypothesis  have  never  brought 

fonrard  any  case  of  immunity  against  bacterial  invasion  in  which  phago- 

crt436iB  is  absent. 

There  is  one  general  remark  applicable  to  all  experiments  on  bacteri- 
tion.  namely,  thiit  the  results  may  dejwnd  very  largely  on  the 
of  bacteria  employed.  A  senmi  may  be  bactericidal,  but  in  a 
quantity  may  only  be  capable  of  killing  a  cert;iin  nunil»er  of 
ma.  If  a  greater  number  of  Imcteria  be  addefl,  then  no  iKictoricidal 
aetion  may  be  apparent.  A  very  common  technique  for  testing  Itacteri- 
eidal  ac'tion  tn  vitn*  is  to  add  a  given  C)uantity  of  the  organism  to  an 
ainuutit  of  senitn,  and  after  the  expiry  of  the  periotls  of  observation  to 
transfer  small  measured  amounts  of  the  mixture  to  melted  tubes  of  media, 
which  are  then  plated.     The  bactericidal  action  is  estimated  by  counting 
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the  colonies  which  develop  on  the  plutes  after  inculHition.  Jt  is  evident. 
tliat  if  ihe  [wriotl  of  contact  Ijctwefln  the  scniin  nnd  Iwictcria  be  at  all 
protracted,  and  the  organism  be  (us  is  frequently  the  case)  a  rapidly 
multiplying  one,  any  initial  destnu'tion  of  Ijacteria  may  I*  countcr- 
baiancetl  by  the  siibseiinput  nnilti])lication  of  the  remaining  individiials. 
Wo  shall  see  later  that  oven  in  the  living  body  there  may  be  a  using  up 
of  bactericidal  material.  Thus,  the  Hui<l  of  pus  may  l>e  lesa  bactericidal 
toirards  tho  causal  bacteria  than  scrum  separated  from  the  blood  of  the 
individual  animal  in  which  the  abscess  has  been  furmed.  If  such  an 
action  is  in  reiilily  protinunced,  then  it  is  difficult  to  see  how  bacteria 
are  not  killed  more  readily  when  introthiced  intravenously  than  when 
they  are  placed  in  a  subcutiitieous  pocket,  in  which  one  would  think  the 
bactericidal  aubgtances  would  be  quickly  exhausted,  and  where  facilities 
would  be  wanting  for  fresh  supplies  coming  in  contact  with  invading 
bacteria. 

Pfeiffer's  Pfienowrnon  in  rehitv'tt  to  PhagocyUm.''. — The  position  just 
described  may  be  taken  as  that  arrived  at  in  consequence  of  the  earlier 
criticisms  of  the  phagocytic  hypothesis.  We  may  now  proceed  to  con- 
sider pha^ocytc^sis  in  tlie  light  of  our  present  knowledge  of  the  subject. 
It  i.s  round  tlie  significance  of  the  Pfeiffer  phenomenon  that  discussion 
here  has  chiefly  turned.  We  have  already  clcscribed  the  features  of  this 
phunuuifiion  and  tlie  factors  involved  in  the  bacteriolysis  which  occurs. 
According  to  Metchnikoff,  however,  the  key  to  the  situation  lies  in  the 
recognition  of  the  part  played  by  phagocytes  in  the  reaction,  and  of  the 
fewt  that  the  properties  of  the  serum  depend  on  the  escape  of  aulistjincca 
from  phagocytic  cells.  He  (231)  stated  tliat  if  a  non-fatal  dose  of  the 
cholera  vibrio  were  injected  int-o  the  peritoneal  cavity  of  an  ordinary 
guinea-pig  the  following  aequeuco  of  eviiuts  occurred.  If  the  |n'ritflneal 
fluid  were  examined  within  an  hour  or  so  after  the  injection  the  leuco- 
cytes normally  present  were  found  to  be  apparently  less  numerous  than 
usual,  thu  bacteria  were  free  in  the  fluid,  and  did  not  manifest  the 
appearances  found  when  Pfcifl'cr's  phenomenon  was  present.  After  tlii* 
time  Icucocytic  exudation  with  pbag<x;ytosis  occurs,  so  that  at  the  end  of 
eight  hours  the  fluid  eotitiiina  no  ("rue  Ixicteria.  The  bacteria  taken  up 
manifest  within  the  cellular  protoplasm  the  granulation  cluiracteristic  of 
the  Pfeifl'er  phenomeuon,  although  the  fact  that  living  ctdturcs  can  be 
obtained  from  the  |>oritoncum  up  to  twenty-four  hours  after  inoculation 
shews  that  it  is  some  time  before  the  actual  destruction  of  the  Imcteria  is 
completed.  The  important  point  here  is  the  apjutrent  diminution  of  the 
leucocytes  immediately  after  the  injection  of  the  vibrios. 

As  we  have  already  seen,  two  bwlies  are  c<)ncerneii  in  the  Pfeiffer 
phenomenon — ihc  thermostiiblo  immune  Imdy  an<l  tlie  therinolabilc  com- 
plement. Altliungh  Metchnikofl's  ^iews  on  this  matter  are  Hither 
indtiflnitcly  expressed,  we  gather  that  he  attaches  significance  to  the 
resembhiuces  l>etwoen  the  intracellular  j»ppe-arance  of  vibrios  taken  up 
by  phagocytes  in  nn  onlinary  guine»-pig  and  the  appcirnticcs  manifest 
in  the  extracellular  destruction  occurring  in  the  peritoneal  Siii<I  of  an 


THB  CEaWERAL  pathology  OF  INFECTION 


133 


iniiDiiTir  untm^il.      His  view   of  th«   mechanism   of   ibc   destruction   of 

harii-nii  when  once  they  h:ive  been  Liken  up  liy  phiigocytes,  is  that  they 

nrp  icU-hI  on   hy  cerlaiti  intnirelliilar  ferimritH  which   he  names  cijfases, 

Ni>ir  );Riniing,  as  Mctchnikoff  would  do,  the  existence  in  the  serum  of  an 

imnrnm*  animal  of  thermolabilo  and  thermostable  elements  concerned  in 

IwUTicidal  HCtion,  we  hnvc  to  inrjitire  as  to  \m  views  on  the  relation  of 

titcjc  ftihstAncea  to  the  cytaacs  conccrnc<l  in  the  intncellular  ilestnietion 

t;ii  'lijrejitifin  of  Ixicteria.      His  [K)t!;ition  heiv,  in  elierl.,  is  that,  in  i-om- 

[" i-in-iii  ill  n-gptHit  to  b;ietL>rici<tul  botlies,  tlie  sei nni  does  not  conespi.nd 

*iih  the  litfW/r  Mntfuinis  of  tlie  linng  aiiimul.     The  evideiic*  on  whirli 

thu  lA  hu^d  is  somewhat  a8  follows.     As  we  ha%'e  seen,  the  scnim  uf  a 

^ittAipg  immunised  against  cholera  conUiins,  like  the  peritoneal  fluid, 

Mil  imniune  b<xly  and  complement.     Bordet  (33),  however,  states  that 

tbr  atienuitoiis  fluid  pnMlueed  a-s  the  remilt  of  cauftin^  [lassive  conyostion 

ir.  T^ie  Ifj-  of  an  imminu'  gninoa-pjg  docs  not  in  the  fn-sh  condition  give 

r.wu,  ihe  rfeiffer  phenomennn.      It  does  lio  so,  howt^ver,  if  some  serum 

tr>m  i\  fresh  giiinea-|)ig  l»e  adilcd,  though  it  is  not  so  potent  as  th^'  iitimune 

s^nim     The  fluid  must  tliua  contain  imniune  body  without  complement. 

H>ni«t,  on  trying  a   similar  experiment  with   Huid  from   tht*  anterior 

dtinifirr  of  ihe  eye  of  an  immune  animal,  found  im  evitliMit;!)  that  either 

mmaiK!  l»ody  or  complement  wcr«  present.     The  deduction  from  these 

''Tj)^riments  is  that  the  poorer  a  bo<ly-fl\iid  is  in  cells  of  tho  pliagixytic 

ype  the  less  likt^ly  is  it  to  manifest  b;«:teri<»lytic   propert.ies.     Again, 

Oenjirou   (136)   compared    the  properties   of   the   phvsma  denvcd    fi-om 

nncoagulated  blood  with  those  of  the  serum  obtained  from  clotte<l  blood 

in  the  ortUnary  way.     The  method  eniplo3'ed  to  prevent  coagidation  was 

to  receive  the  blc>f)d  into  tubes  c<Mited  internally  ^vith  pamffin,  and  to 

precipitate  the  corpuscles  by  centrifugation.     Ho  found   that  when  in 

«ach  animals  as  the  rat,  the  rabbit,  or  the  dog,  the  sennii   nianiffsU^d  a 

definite  bactericidal  actiun,  the  plasma  was  either  not  at  all  bactericidal 

or  only  manifested  a  slight  potency,  associated  perhaps  with  the  slight 

■■■  of  coagulation  which,  even  with  the  precautions  de8cri)ied,  some- 
^look  place     The  organisms  used  wore  those  of  anthrax,  typhoid, 
era,  and  the  li.  rnli.     Gengou  did  not  apjdy  this  method  to  the  case  of 
_  inne  serums,  but  the  results  are  accepted  by  Metcbiiikotf  as  pr«iof  that, 

bi  thu  normal  lluids  of  the  body,  complement  does  not  occur  in  a  free 
eoodition.  Kolloisc  (110),  however,  has  iippliL-d  this  metho<^  to  certain 
kmioljtic  serums,  and  found  that  plasma  as  well  as  aenim  contained  L'om- 
plement.      The  whole  subject  requires  further  iufjuiry. 

Accepting  this  Wew  for  the  moment,  we  imiy  inquire  how  the 
Pfeifler  phenomenon  comes  to  he  manifested  in  the  |»pritoneal  cavity  of 
the  immune  animal.  Tho  key  to  this  MeUdmilcotf  finds  in  the  pheno- 
menon of  the  disJippearancG  of  cells  from  the  peritoneal  cavity  when  the 
(ttct«r{a  arr  introibicetl.  This  he  describes  fus  due  tu  what  he  terms 
pKa^yhx,  though  to  what  extent  h''  holds  that  an  attual  solution  of  the 
phj^ocytic  cells  occurs  is  not  quite  clear.  He  states  (237,  p.  236)  that 
cells  ap[>ear  gathered   in   clumps   in   the   great   omentum,  and  a 
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"baiting"  of  cells  in  this  siluatioii  bus  also  been  recorded  by  Dr.  Durhiiti 
(94).  That  some  change  may  occur  in  the  cells  is  shewn  by  the  work 
of  Pioi*aIlirii  (282),  who  observed  such  clumps  often  to  be  the  centres  of  a 
formation  of  fibrin,  indicating  the  liberation  of  fibrin-ferment.  This 
investigator  found  that  many  substances,  «.</.  l>ouillon,  bacterial  filtrate*. 
physiolotpcal  salt  solution,  could  cause  phagolysis.  Mctchnikoff  holds 
that  the  liberation  of  tlie  filtrin  ferment  points  to  the  possibility  of  an 
escape  of  the  antibacterial  cyt:t»os.  .\s  we  have  said,  he  uses  the  wonl 
cytase  so  indefinitely  that  it  ia  difficult  t()  say  what  he  includes  under 
the  term.  That  complement  is  included  there  is  no  doubt ;  it  i« 
prolxiblo  that  he  holds  immune  body  (or  ft^nteuTf  as  it  is  often  called 
in  French  writings)  to  have  the  same  origin  as  complement. 
AletchnikofT's  view  is  that  immune  body,  being  less  closely  lK)und  to 
the  celbdar  protoplasm  than  complement,  can  i»iss  into  the  plasma  in 
wi«,  and  is  increased  in  the  senim  by  phagolysis  ;  complement,  on  the 
other  hand,  can  only  appear  in  the  body  fluids  \>y  phagolytiis.  As  proof 
of  this  view  Metchnikofl'  .'idduces  the  fact  that  when  there  is  evidence 
that  phagolysis  is  less  than  usual,  Pfeiffofs  phenomenon  is  corresiJondingly 
diminished.  If  a  tpiantity  of  bouillon  be  injecteil  into  thn  peritoneum  of 
a  guinea-pig  on  two  successive  days,  the  phagolysis,  as  indiailed  by 
examination  of  samples  withdrawn  by  cajjillary  tulies  and  also  by  the 
observation  of  tibrin-pr*«Iuction  on  the  great  omentum,  is  diminished.  If 
cholera,  vibrios  be  now  introduced  there  is,  acconling  to  Metchnikoff  and 
his  pupils  (cf.  (Tarnier(13.'i)),  a  suppression  of  the  phenomenon  of  Pfeiffer 
— phagocyt')sis  of  the  bacteria  Iwing  alone  observed.  The  fact  that 
Pfeifier'a  phenomenon  cannot  be  observed  in  the  subcutanoous  tissue  or 
the  anterior  ciiambor  of  the  eye  of  an  immune  animal,  as  shewn  by 
Bordel  (v.  p.  133)  and  Mesnil  (224),  working  with  the  vihrin  Mrlchnikoti, 
antl  by  Salimbeni  (302),  working  with  diphtheria  Willi  and  choleni 
vibrios,  is  also  brought  forward  as  evidence  in  suppoii.  of  the  contention 
that  complement  does  not  become  free  in  the  plasma  of  the  living 
animal.  MetchnikoIV's  view  is  that  as  these  tissues  are  relatively  or 
absolutely  free  from  phagocytes,  phagolysis  and  escape  of  complement 
cannot  occur.  PfeitVfr  (274)  holds  tliat  the  phenomenon  can  be 
obaervc<l  in  subcutaneous  tissues,  though  he  admits  that  it  develops 
there  more  slowly.  That  it  depends  on  phagolysis  he  denies  on 
the  ground  that  in  an  abscess  forming  at  the  point  of  inoculation 
in  an  inunune  goat  —  where  there  must  naturally  have  been  great 
leucocjtic  destruction — he  found  that  the  fluid  manifested  the  pheno- 
menon to  a  less  degree  tluin  waa  observable  with  the  serum  of  the  animal. 
There  might  here,  however,  be  a  local  using  up  of  immune  body  by  the 
organisms  present,  so  that  this  argument  may  not  be  so  cogent  as  it 
appears  to  l)e.  In  further  opjHifiition  to  the  view  that  complement  cxtsU 
free  in  the  body  of  an  immune  animal,  and  in  support  of  the  view  that  it 
is  on  the  direct  intervention  of  leucocytes  with  specifilly  developed  phagO' 
eytie  ;u:tivily  that  the  power  of  such  an  animal  to  resist  otherwise  fatal 
bacterial  infection  is  due,  Metchnikoff  adduces  the  results  of  Cantaciuene 


(69)l  Thia  olwerver,  working  with  cholerfi,  states  that  the  adminiBtration 
tif  opinm  to  an  immune  animal  diminishes  the  activity  of  its  leucocytes, 
nud  tbiic  in  such  circunistancea  it  will  Buccnnih  to  a  dose  of  bacteria  which 
uthcrwiw  it  would  easily  resist.  The  factors  present  in  sueh  ex|joriment8 
»w  evidently  of  a  very  complex  character,  and  in  the  circumstances  it  is 
ioipOisilile  to  »;iy  whether  the  deduction^*  niside  from  them  are  valid. 

Oil  iht!  other  hand,  eividence  of  the  existence  of  free  coniplenieiit  in 

the  \i\in^  body  of  an  immune  animal  has  been  adduced  by  Wossormann 

t  J43;,     Guinca-pij;^  are  susceptible  to  inoculation  with  appropriate  doses 

»/  vinilent  typhoid  Vuieitli,  and  nipidly  <iie.     Death  can  be  prevented  by 

iriJKrtin^  an  immune  serum — the  view  of  the  humoral  school  being  that 

tbf  immune   lM>dy  of  tliirt  Mernni,  .ict  iiiil;  along  wilh  any  cuniplenieiit  it 

CUV  contain  and  M'ith   the  numtal  cumpleinent  of  the  infected  atiimal, 

dtMtroys  the  infecting  bacilli     Wassermann  produced  an  anti-body  to 

guincA'pi^  cf>mplemeTit  by  injecting  guinea-pig  serum  ittio  the  rabliit.    C*n 

injeeiing  thia  in  appropriate  amount  together  wilh  typhoid  bacilli  and  an 

imount  of   immune  senmi,   which  in   other  circumstances   would   have 

prutectvd    an   animal   against    infection,    it   was    futnnl    that   now    lU'ath 

uceiUTtfd     The  cause  of  death  was  snppose^l  by  Wassonnann  to  lie  that, 

plenient  present  in  the  animal  coming  under  the  **  anti-complo- 

'*  action  of  the  senim,  the  killing  of  the  baeilli  was  no  longer 

the   immune   body   present  being  of  course   useleaa  by   itself. 

How  tnany-sidcd  the  question  is  may  be  gathered  from  the  criticism  of 

this  iTowiIt  put  ftirwanl   for  the   Mflchnikotf  school   by   JVsredka  (27), 

who  bohis  tbfit  the  anti-i'oni[ilcnientary  serinn  only  pamlyscs  the  activity 

of  tbv  phagocytc-s.     Besredka  bases  his  criticism  chielly  on  the  absence 

of   phagocytosis  and   the  clumping  of   leucocytes  occurring  in  animals 

ittto  which  the  *'anti-complementary"  scrum  together  with  typhoid  bacilli 

E>M?en  injected. 
The  validity  of  Besredka's  work  depends — as  is  the  case  with  other 
tfchea  on  this  particular  [>oint — on  the  interpretatjiin  of  the 
lomena  observeil  after  intra|>eritoneal  infection,  and,  iiotwithsutnding 
aQ  the  work  done  on  the  subject,  it  cannot  Ix^  said  that  we  are  in  a 
position  to  say  with  ]ireciaion  cither  what  the  phenomena  arc,  or  intelli- 
gently  to  appreciate  the  significiince  of  the  appearances  described  in  work 
ftlrefldy  done.  Tlie  normal  cellular  content^qualitative  and  (juantitative 
— c*f  th»*  peritoneal  cavity,  tlie  phenomena  of  the  clumping  of  cells  and 
the  kinds  of  cells  imdorgoing  this  process,  the  cells  actually  Uiking  part 
in  phagocytosis,  the  <legrec  of  phagocytosis,  and  the  condition  of  the 
lacteriu  ingested,  the  sources  of  these  cells  atul  their  fato^all  these 
cotistitute  questions  which  require  further  iuvcstigatiim  by  obserrers 
competent  to  rc«;oi-d  facts,  and  not  attached  U*  any  particular  hyiMJthesia 
c'  the  ultimate  interpretation  of  ihc  facts  observed.     The  sub- 

jr-  >  re/uly  Iwcn  fully  considered  in  the  article  on  "  Inflammation," 

and  It  is  referred  to  liere  merely  to  insist  on  the  importance  of  the 
bearing  of  the  local  eluuigCB,  of  which  the  peritoneal  reaction  against 
infectidu  is  the  type,  on  the  general  question  of  immunity.     Especially  is 
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k  in  the  highest  degree  imporunt  that  the  local  zuaiiifostations  of  cello 
ftciivity  shoiikl  be  correlated  tit  imy  proportics  which  may  simultaneon 
a|:ijxvir  in  (h«  lK)dy-fluitis.  Fii>rii  what  has  been  siiid  of  ^JeU'hniko 
views,  it  is  evident  that  this  lat^t  point  is  the  crux  of  the  whole  questi 
The  only  modiHcution  his  ejirlier  views  have  undergone  in  their  Lit 
pi'c^entatioti  is  in  the  matter  of  admitting  that  imintwie  hody  may  diir 
life  be  »ot  free  from  the  cells  producing  it ;  but  seeing  he  holds  firmly 
the  opinion  that  complomeiit  never  is  found  free  in  the  Vxly-tluids  rlur 
life,  it  is  niariife-st  thai  it  is  only  by  actual  ph;ijj;m;yto8is  tiuit  the  det 
of  bacteria  can  be  ;icc(>uiplished,  except  in  so  far  as  the  setting  Irett 
complement  by  phagolysis  renders  extnvcellular  destnution  jwssi 
\Vc  have  no  dfila  for  determining  to  what  extent  phagolysia  occur*  I 
what  piirt  it  may  play  in  natural  infections.  It  is  evident  that 
occurrence  is  jirolmWy  nnt  limited  to  such  event*  as  the  inje<;tioii 
norimd  saline  soluutm  or  of  biMiillon.  Nor  is  it  essentia]  that  \\i\  act 
Aolution  of  the  cells  concerned  t^houhl  he  a  necessary  antecedent  of  tb 
giving  np  to  the  surrounding  tinids  the  stibstanccs  through  which  t] 
act  Whatever  the  normal  functions  of  the  leucocytes  may  bei,  i1 
certain  that  the  ingestion  and  digestion  of  particulate  object*  is  a  « 
paratively  rare  occurrence  with  ihora.  Thus,  iu  ordinary  circumsuia 
the  aildition  by  Icucocylea  of  Hubstances  to  the  circidating  Huids  of  1 
bo<iy,  in  the  same  w*ay  that  the  cells  in  the  IkmIv  are  constantly  doing 
quite  [>ossible.  The  growth  of  bacteria  in  such  a  situation  as  the  pi 
toneal  cavity,  and  the  elabumlion  by  them  of  toxinu,  might  constituti 
cellular  injury  sufficient  to  cause  substances  usually  intimately  bound 
cellular  protoplasm  to  jiasa  out  into  the  surrounding  fluids.  It  cani 
however,  be  said  that  we  possess  proof  that  siich  an  excretion  d 
actually  take  place. 

Meanwhile   stress  must  be  hud   on   the  complexity  of   the  celh 
activities  manifested  in  such  an  event  ju  the  [writfineal  i-eaction. 
may  draw  an  example  from  the  very  careful  examinatioti  of  the  sub 
by  I>r.  Heattie  (16),  who.  while  having  no  doubt  that  the   m»croph 
cells  of  the  peritoneum  can  ingest  living  bactena,  cannot  be  certain  t 
the  microphagc  ceils  are  capable  of  taking  uji  any  but  d<'ad  organufl 
Sometimes  in  infections  there  is  evidence  of  the  predominant  acti%nt3r 
otuj  stage  of  iJic  pr-ocess  of  one  tyi>e  of  cell,  at  another  of  another  typfl 
celi.       Thus    Dembinsld    points  out    that   in   the    infection  of   pige 
with  the  bacillus  of  aWan  tu1>erculosis  there  is  first  a  slight  phagc»eyt< 
b}'  i>olymorphonuclear  colls,  while  ultimately,  and  pmhably  of  gre-al 
importance,   there   is   a  phagocytosis  by   the   mononuclear   macrop 
cells.      Reference  may  be  made  to  one  |>oint  iu  connexion  with  the 
plexity    of    the    cellular    manifitstations    oWrvcd    in    local    infecti 
Whatever  the  signihcance  of  the  presence  of  immune  body  and  com; 
meut  in  serum  may  bt:,  a  veiy  striking  feature  of  an  immune  serum 
we  have  seen,  that  while  immiuie  body  is  present  in  great  amount 
is  no  proportionate  increase  in  complement.     AletchnikotT  appears  to 
that  the  presence  of  these  l>odies  in  a  serum  is  merely  an  indication 
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ihcintnKnIIuliir  fermenls  present  in  phagocytes  have  pHSsed  out  of  tho  cells. 
If  is  evidenl,  therefore,  that  during  immunisation  a  rhtiiigc  in  the 
chvniical  .vti\ity  nf  tlie  L-elhiliir  i>rotopla8m  has  occurred.  But  as  reganle 
two  important  facl<Ji*s  in  the  cjij^city  possebsod  i>y  the  ucIIh  fr>r  <lealing 
with  invading  orgnnisras.  there  hiis  been  a  lack  of  conelation,  for  while 
one  j>abAtance  has  been  increased  tho  other  has  not.  It  niuist  thus  bo 
left  for  ftiturt!  decision  whether  the  two  8id>8t^ineeii  are  fonned  in  the 
•un«  c*-!!  or  whether  there  may  not  be  a  symbiosis  between  tho  numerous 
celb  which  lake  part  in  a  reaction. 

Thfi  Mechanism  of  Chemiotaxts. — \Vn  must  now  consider  one  or  two 

(urthnr  ^m\\^  reyaitiiii^  phagocytosis.    We  have  seen  that  in  cases  in  which 

MeccbniknlT's  view,  that  the  mcehanism  of  immunity  consist?  easontially 

of  s  jthagncytosis,  may  hold  good,  observations  on  phagolysia  inrlieate 

thxl  there  i«  in  the  process  a  chemical  activity  on  the  i>art  of  cells  in 

prDduriiijj  their  intmeelhibtr  fennetits  in  uniisnal  tle^ree.     The  fai'ts  are 

iwl  .locounted  for  by  a  mere  increase   in   the   nnndxM-  of  cells  concernwl 

i«  tlw  [irocess.       But  it  is   evident   that   intniLelliiJar  activity   is    only 

«ie  Aspect    of    the    imwesses    of    recovery    and     iinuiutdisation ;    the 

ruftalfnUc  activity  of  the  leucocytes  must  be  secondary  to  their  coming 

mto  Mtiml  relation  with  the  bacteria  which  they  are  t^  take  into  their 

(TOk^lasm.      Tho  article  on  **  liitiunnnation  "  dejils  with  the   facts  with 

r^wtl  ti»  the  occiuTence  of  the  attraction,  manifested  towanls  certain 

Wleria  by  phagocytes,  which  is  known  as  positive  chemiolaxis,  and  of 

fw  rvpuUion  by — or.  at  any  rate,  the  indifference  towanU — the  Imcteria 

«bi))iu?d  on  other  occasions,     A  striking  example  of  such  a  phenomenon 

'<  furnished   by  an   oWi^ation  of   Bordet     In   a  particular   cjiae   tho 

!^reptitti>rtms  pi/o^rnr.y,   when    injecteil    into    the    perittme^l    cavity  i)f    an 

uimal,  was  not  taken  up  by  the  cells  present:  when   iiitti  tliis  animal 

the  ProtfHJ.    ntlfjitria  (a   iton  p:ith<»genelic    organism)   wiu*;  also   injected, 

ihf  lust-named  Uicteria  were  readily  taken  np  ;  thus,  the  cells,  having  two 

•irganisms  presented  to  them,  took  up  one  variety  and  rejected  the  other. 

■Vo  physical  explanation  can  be  given  of  such  phenomena,  and  especially 

yd  U»e    transformation    of   an    indiHeient   altitude    into   one    of   active 

nspcmse  as  expressed  by  attiaellnn.      The  questions  involved  have  never 

heeti  exhaustively  de:dt  with,  but  certain  inquiries   have   been  dir*ected 

tds  the  fartors  influencing  such  tnovement,  the  reality  of  its  occur- 

e  being  assumed.     In  discussing  the  mechanism  of  immunity  Jigainst 

iwine  erysipelas  in  the  absence  of  Pfeiffer's   phenomenon,  Metchnikoff 

/23r,    p.    32+)    ijUotcK   experiments   of   Crengou   to   shew   that   besides 

immune  body  and  complement  something  else  is  rcjuired  in  order  that 

phagijcytiwis    <>liould    (X:cur.       The    amtuint.    of     heatetl    immune    serum 

cumplenienifd  by  fresh  g\unea-pig  serum  neeessjiry  to  pn>li^et  a  mouse 

u^iust  fatal  infection  with  swine  erysipehis  was  ileteiTuinwl.      A  fatal 

dose  of  tho  bacteria  was  kept  in  eontact  with  the  immune  serum  and 

complement  for  a  time  sufficient  for  absorption  of  the  immune  bmly  by 

the  bacilli  to  fxjcur.     The  Imcilli  were  then  wjishe^l  free  of  serum,  and 

vhen   injw-teil   caused   d«ith.      From    this   Metchnikoff  concludes   that 
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"it  is  not  the  iixatenr  adhering  to  the  bacteria  which  dcCermines  tb^^| 
protective  action  of  the  specific  serum.     The  liquid  must  in  additio*^ 
contain  another  suhstance,  and  it  \%  this  in  reality  which  stininlatca  tbf 
phagocytes."     It  is  evident  that  this  ex]wriinent  is  difficult  to  interpret— 
especially  us  no  details  are  given.     In  the  first  case,  whore  death  did  not> : 
occur,  not  only  immiuie  Bcrum  but  a  complementary  aenun  was  injected  >  | 
these  serums,  of  coui-ae,  eontiiinetl  other  bodies  besides  the  actual  immuiK?  j 
body  and  active  complement;   in  the  second  caso^  on  the  other  hand, 
only   active  immune  Iwxly  and  active  complement  were  present,   but  a 
complication  Wiw  intrf»duced  in  that  tlie  scrums  were  onl}'  allowed  to  act 
on  the  Ikacilli  during  the  period  previous  to  their  injection.     Sawtchenko 
(30.'))  \\vtA  liitMi^ht  forward  evidence  in  favour  of  a  view  that  it  is  really 
the  immune  Widy  {Jijraf^^ur^  or  iminnnmnn,  as  Sawtchenko  Jcscrilws  it) 
which  stimulates  phagocytic  action,     first,  a  leucocytusis  was  induc«d 
in  the  peritoneal  ciivities  of  two  guinea-pigs  by  an  injection  of  bouillon. 
Next  day  into  the  peritoneum  of  one  was  introdnceil  some  guinea-pig 
erj'thtijcytcs  and  also  some  inactivated  senmi  from  a  rabbit  immunised 
with  guinea']>ig  corpuscles.      Into  the  perit4>neum  of  tlie  other  guinea-pi^ 
corpuscles  alone  were  injected.      In  the  first  instance  rapid  phagocytosis 
of  the  corpuscles  intrmlnced  was  observed  ;  in  the  second  the  corpiuclei 
appeared  free  in  the  serum  for  several  days  and  eventually  seemed  to 
pass  into  the  lymphatics.     liastly,  there  was  injected  into  a  guinea-pig's 
peritoneum  some  of  the  same  inactivated  hi^molytic  serum  along  with 
some    1>oni]lon.      A   copious    phagocytosis    rebutted,   and    next  day   the 
animal  was  killed  by  bleeding.     The  peritoneal  exudation  was  removed, 
and  the  leucocytes  present  well  washed  yrith,  and  then  suj^pended  in,  suit 
solution.     To  |kiiI  of  the  suspension  some  fresh  guinea-pig  erythrocyte* 
were  added.     The  leueneytes  present  had,  during  the  day  previous  U)  the 
animal's  death,  been  subject  to  the  immune  body  injected,  but  they  had 
been  washe<l  of  all  plasma  which  might  contain  either  this  immune  body 
or  any   other  substance   present   in    the    iramiuie   serum,   or   naturally 
present  in  the  guinea-pig's  economy.      In  these  circumsuinccs   it  was 
found   thfit  in   the  sni*pension  in  salt  solution  they  were  still  alive  and 
took  up  the  guinea-pig  corpuscles  added.     Next,  to  another  part  of  the 
suspension  dcscnbe':!  a  small  quantity  of  fresh  ra)>bit  blood  was  added,  in 
order   that    in    the   clotting   the    guinea-pig   leucocytes   might    hv   dis- 
integnittid,  and  any  substances  they  contained  might  thus  pass  out  into 
the  surrounding  fluid.     The  mixture  was  kept  on  ice  for  two  days  and 
then    centrifugod,   and    normal   giunea-pig    serum    (to    provide    com- 
plement) and  nortnal  guinea-pig  erythrocytes  wei'c  uddeil.     The   latter 
were   slightly   dissolved. — more   so   than    if   exposed    to   normal    rabbit 
serum  alone  with  only  guinea-pig  complement  added.     Thus,  there  was 
evidence  that  tho  leuccxjytc-s  parted  with   the  immune  body  they  had 
taken  up.     Thirdly,  the  red  corpuscles  obtaineil  in  killing  the  original 
guinea-pig    wure    washed    and    injected    intra|>ertton(':dly    into    a    fre&h 
guincji-pig,  in  which  a  leucocytosis  had  bt^cn   pnxluced   by  a  previous 
injection  of  bouillon  ;    this  was  done  to  determine  whether  during  the 


sojcriirii  of  the  immane  body  in  the  gtiinca-pig's  body  any  sensitisation  of 
ibe  erythrocyuw  of  lliu  animal,  such  an  would  take  place  in  vitro,  had 
ocrantil.  It  was  found  that  the  amount  of  phagocyboais  %vhich  occurred 
III  rich  circumst^ncea  wiis  insignificant.  We  gather  that  Sawtchenko 
lUribuUjfl  thia  alight  phagocytoeis  to  the  fact  that  the  imnmno  body 
preriously  injectetl  hud  been  ao  dihited  with  the  fluids  of  the  guinea-pig's 
timm  that  little  or  no  sensitiaation  could  be  obson-ed.  Sawtchenko's 
paaml  ccmcIuBion  is  that  the  fixatour  can  determine  in  two  ways  the 
fdu^ytofiui  of  elementa  whioh  are  not  ordinarily  UiUt'u  up.  Kiret,  by 
fiiaiaiir  becoming  united  to  the  specific  object  the  latter  is  modifiid  so 
tittt  pbftgocytea  are  nttmcled  to  it  insteiid  of  remaining  iiiditferent. 
^^idly,  6xAteur  can  be  absorbed  into  the  phagocytic  protoplasm,  and 
tbe  iJiHgocytfl  thiia  acquires  positively  chemiotactic  properties  towards 
substruicos  Sf nsitive  bo  tbe  fixateiir.  It  \s  eviilcnt  that  the  ipiestion  of 
iIk'  tiltimate  sources  of  both  immune  body  and  complement  is  left  open. 
'Sach  fact«  as  those  disclosed  in  tito  experiments  of  Gongou  and 
S»«tchenko  manifestly  oidy  apply  to  ciwes  in  which  an  immune  serum 
)(  acting,  and  neither  of  these  obscnci's  ba-=$  pursued  his  inqairies 
mnher. 

Tbe  Opsonic  Phenomenon, — By  far  the  most  suggestive  work  with 
regard  to  the  factors  concerned  in  phagocytosis  is  that  in  which  Sir 
X.  E.  Wright  (371),  in  conjunction  with  Capt.  Douglas,  follows  up  his 
/ireviotis  rcRearches  on  the  bactericidal  action  of  serums.  An  impi.irtant 
fm'nciple  adopted  in  the  rcswirch  is  the  application  of  the  means  of 
exactly  mensuring  the  phagocytic  power  of  the  blood  devised  by  Col. 
frttishnian  (1^1),  and  already  duacrii>cd  (vide  vol.  i.  p.  697).  In 
ihLs  mctho(i  the  average  numljcr  of  liacteria  taken  up  by  the  poly- 
morphonuclear leucocytes  in  vilru  in  a  given  lime  is  obtained.  In 
the  researches  of  Sir  A.  K.  W^right  and  Capt.  Douglas  the  celhdar 
— and  particularly  the  colourless — clementa  of  the  l>lood  are  scjMir- 
ated  from  the  fluid  by  an  appropriate  method  of  ccntrifugaticn. 
The  flnid  jjart  can  be  treated  at  will,  and  its  properties  investigated  ; 
tbe  phagocytes — washed  with  sidt  solution  so  as  thoroughly  to  remove 
aO  iracee  of  the  plasma  —  can  be  subjected  to  any  desired  con- 
ditiona,  and  when  the  period  of  o1>servHtion  has  elapsed  their  activity 
can  be  Mlimatc<l  by  I^eishman's  methfid.  The  general  line  of  the 
investigation  was  to  subject  different  bacteria  to  the  action  of  the 
phagocytes  in  the  presence  of  serum  or  plasma  derived  either  from  the 
iDdi\'idual  who  had  furnished  the  phagocytes  or  from  another.  It  was 
found  that  dealing  with  an  emulsion  of  Staph f/lornrnis  pifofjrnrs  omntA 
and  corpuscles  and  seniin  of  the  observers  themselves,  a  marked  fall  in 
the  number  of  bacteria  ingested  took  plac«  when  the  senmi  had  l>een 
previously  heated  to  60"  to  65"  C.  for  ten  to  fifteen  minutes.  The  serum 
iherefore  ctuitained  some  constituent  which  affected  the  phagocytic 
capacity  of  the  leucocytes.  That  this  constituent  acted  on  the  l^cteria 
and  miide  them  the  prey  of  the  phagocytes  was  shown  by  the  observation 
that  if  staphylococci  were  subjected  to  the  action  of  the  Berum,  and  the 


mixture  heated  to  60°  C,  cooled,  and  tho  l^acteria  then  exposed  to  tha' 
action  of  th«  phagocytes,  the  number  of  bacteriH  ingested  correajK>iiTle<1 
to  the  number  taken  up  when  ttii^  unheiitcd  serum  and  tho  unheiiU'd 
staphylococcus  cinuiaion  M'crc  cmployod.  This  capacity  possessed  by 
seruui  Sir  A.  E.  Wright  speaks  of  as  its  opsonic  effect  (o^tui'cw,  I 
prepare  victuals  for).  Besides  its  susceptibility  to  heat  this  opsonic 
substance  or  opsfntin  disappears  spontaneously  when  serum  is  kepL 
Sir  A.  E.  VVright  and  Capt.  Douglas  shewed  that  similar  results  could 
bo  obtained  in  a  marked  fnHbioii  with  tlic  plague  baciMus,  the  .Ui 
fotrt/j!  mf'/i7ffl.Sf\s-,  the  J)ij'locor''ns  jturftriu/nue  (Fraenkcl).  and  with  oth 
organisnis.  They  give  the  following  chusBificatioii  of  liaiiteria  according 
to  the  results  of  their  researches : — ( I )  Bacteria  which  are  eminently 
sensible  to  the  Ixictericidal,  bacteriolytic,  and  opsonic  actions  of  normal 
human  blood-Huiils — the  hariUvs  hijikfu^na  and  the  i'ih-w  rhairnr  tL-n/thrtr^ 

(2)  bacteria  which  are  in  some  measure  sensible  to  the  baotericitlal  actio! 
of  the   normal   iiuman   blood -fluids,   and   are   eminently  sensiblt*  to  its 
opsonic   action  —  the   lUifUhs  roJi  and   the   /ioc-iUns  dysfniUr'nr   (Shiga); 

(3)  bacteria  which  are  absohitely  insensible  to  the  bactericidal  action  of 
the  normal  human  blood-fluida,  but  are  eminently  sensible  to  the  opsonic 
action  of  these  HuiilH  —  llie  StaphyUtCi^ccui^  pyo/jme^f^  the  Harillus  ^jct/i.-^ 
the  Mirrocornui  melifrnsU,  tho  IHphifOcais  pfimrnonitr  (Fraenkel) ;  (4) 
bacteria  which  are  insensible  both  to  tho  bactericidal  and  to  the  ojisonic 
actions  of  human  hloctrl  Huiils — tho  Hafillun  diphJhnrim  and  the  }i"nUus 
xri'ons.  Esjwcially  importint  is  the  recognition  of  the  third  group  of 
bacteria  in  this  chissification.  In  these  cases  a  bactericidal  power  is 
absent  from  the  serum,  and  an  intracellular  destruction  of  the  bacteria 
is  alone  ol>served. 

The  importance  of  these  observations  is  thiit  they  raise  the  riuesiion 
whether  the  phagocytic  cells  are  by  themselves  able  to  perform  a  phago- 
cytic function — w  hether  it  is  not  necessary  for  them  to  he  reinforced  from 
without  before  the  englobing  of  bacteria  occurs.  Acconling  to  Sir  A.  E. 
Wright  and  Capt.  l>ougl:is  tbi«  reinforcing  takes  the  form  of  a  sensitisution 
of  tho  Imcterial  protoplasm  by  an  element  in  the  plasma.  It  is  nattirul 
that  such  a  view  shoidd  give  rise  to  discussion.  'Hiorp  is  no  tlonbt  that 
the  conception  of  sensitisation  as  put  forwnr<l  by  these  ol>fterver«  is  a 
novel  one.  It  is  prolmble,  however,  that  the  phenomena  observed  by  them 
had  been  present  in  experiments  by  pro\inuH  workers  though  their 
significjince  bad  not  been  recognised.  Thus  Denys  (S3,  Ml)  describes  ex- 
periments by  Leclef  to  shew  that  in  a  mixture  of  antistreptococcic  raldut 
serum,  streptococci,  and  leucocytes,  in  tUro,  the  taking  up  of  the  Kicteria 
by  the  latter  was  nuicli  more  marked  than  when  normal  rabbit  serum  was 
used.  If  the  serums  usc<l  were  fresh  it  is  quite  |>ossible  that  an  opsonic 
action  was  here  responsible  for  the  phagocytosis.  If  old  seruni  were 
employed  probably  the  effects  were  <lue  to  some  other  cause.  M'ith 
regai-d  to  the  facts  concerning  oiwoiuns  there  is  little  floubt ;  the  residts 
of  Sir  A.  E.  Wright  and  Capt  Douglas  have  been  repeated  imd  con- 
firmed by  Drs.   Bulloch  and    Atkin   (60),  and   also  by  Dr.  Dean  (79). 


Fiirtiierf  Un.  Bulloch  and  Westcni  (60a)  believe  in  the  existence  of 

A  iqiecitidty  in   the  opsonic  phenomenon  in  that  the  removal  from  n 

somni  of  »n    upsonin    luvvjircU,  t.tf,,  the  Siapfujlvrofnis  pf/oijrne.-i   niay   not 

rfOKive  ibe  opsoiiiti  towards  the  tiibtrctc  bacillus.     The  main  question 

h<T  fcnsideraiiori  its  whether  the  discovery  unnivols  tlie   complexity  of 

[iiriicaUr  ftwes    of     hactericidat    action    of   the    type    of    the    Pfeiffer 

}4iimomenon,   or  whether  opsonic   action  is  separate  and   distinct   from 

iht  btcuyricidal   and    bacteriolytic    eti'ccts    pre\iously    investigated  :    it 

ii  U}  the   latter   view  that  Sir    A.    E.   Wright  incbnes.       In    support 

<{  tkix   opinion    appeiU    may   be    made    to    his    observation    on    the 

iii(fniii>lability    of    the   opsonic    substance    which    distinguishes    it    from 

'■nJiii^iry  immune  bodies,  and  also  on   the  occurrence  of  opsonic  efl'ccts  in 

ows  {f.^t  with  siaphylococcus),  in  which  there  is  no  e\*idence  that  substances 

Mirh  S5    immune   body   and    complement   are   in   action.        Again,   in 

support  of  the  special  character  of  ofisonina  is  the  apjuirent  ini{>otence 

of  the  phagocytes   to   have  any  marked  action  when  tliey  are  washed 

Irpc  iif  opsonic    serum.       This    last   is   a    \nm\t    on   which    controversy 

Mare  to  aiisei      It  is,  of  course,  a  jn-vfri^  rather  ditheult  to  realise  how 

f^li  capable   of  taking  uj*  pigment  and  foreign  bodies  unaided  should 

for  a  particular  case  of  phagocytosis  require  help  from  without.     The 

oik  hovever,  which   have  been  studied   in  the  opsonic   work  ore  the 

polymorjihonuclear    leucocytes,    and    ordinurily    those   arc    moi-e   active 

ifi  liie  talking  up  of  bacteria  than  in  ingcstini.;  other  foreign  boclies.      In 

f^ir.  X^  pi   Wrif;bt's  own  ex]iHriment.s  a  slight  phagocytosis  \v;ls  often 

flueneJ  in  washed  coqmscles  treated  with  a  serum  the  opsonic  cajxicity 

"i  which  had  been   destroyed  by   heat.      On  the  other   hand,   Lohlein 

IJIi,  working  in   Metchnikoff's  laboratory,  states  that  he  has  obtained 

'err  definite   phagocj'tosis   with   washed  corpuscles.     There  can  be  no 

(I<mht  thai  whether   the  phagocytosis   of   bacteria  is  or   is  not  totally 

fifpcndcnt  on  stibstance-s  in  the  serum,  it  takes  place  nnicli  more  readily 

»i»en  certain  substances  are  present. 

The  s(»ecial  nature  of  the  opsonins  has  been  denied  by  Dr.  Dean  (79), 
who  adduces  experiments  to  shew  that  Sir  A.  E.  Wright  has  attached  loo 
gT«;it  importance  to  the  thermotability  of  the  opsonins.  Sir  A.  £. 
Wright  admiw  that  the  thermolability  of  the  opsonins  is  relative  (see 
Wright  and  Ueid  (376«)).  He  has  found  that^  while  the  opsonic  quality 
r^  the  serum  <>f  an  orrlinary  person  is  markedly  thermohibile,  there 
occara  in  the  serum  of  |iersotia  who  have  responded  to  tubeJvtUons 
mfectiou  nr  vaccination  a  thermostable  opsonin,  whicli  he  denominates  an 
inciUir  element.,  but  which  does  not  differ  from  ordinary  opsonin  in 
4{uality.  As  the  result  of  his  work,  Dr.  Dean  consitlers  that  the 
opaiitiifis  are  to  be  clasi>ed  undt^r  MctchnikofT's  fijMtrurs,  and  that  they 
do  not  differ  from  orflinarv  immune  bodies.  The  term  *\fixatrur"  is 
ceitainlv  used  in  such  an  indefinite  way  by  Mutchnikotf  that  it  may  be 
made  to  include  Wright's  ojisonins.  The  real  (question,  however,  is,  did 
Mctchnikoff  recognise  that  substances  might  exist  in  the  soi*um  which  not 
only  were  capiible  of  preparing  the  bacteria  for  phagocytosis,  but  without 
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the  presence  of  which  phagocytosia  was  either  absent  or  reduceti  lo  * 
minimmu  T  This  13  very  douhlful.  While  he  Jidniiu  thiit  in  immun© 
animaU  immune  body  may  escape  into  the  blood-pLisma,  it  is  evident  thait 
he  considers  the  fixateur  and  the  complement  normally  to  be  confined 
in  celU  ;  therefore  if  they  are  essential  to  phagocytosis  the  taking  up 
of  bacteria  Bhonld  occur  when  any  cell  containing  these  substances  come** 
in  contact  with  a  bacterium.  Now  8ir  A.  E.  Wright  has  shewn  that  this 
does  not  neces.s;irily  take  place.  The  subject  is  beset  willi  much  ditfi- 
culty.  Wl^  iiave  not  sxiflieient  data  to  determine  the  ultimate  significance 
of  the  opsonic  phenomenon  ;  it  may  be  a  p'lnicular  manifesuition  of  the 
reaction  operating  in  bacteriolysis,  ami  a  thermolabile  and  a  thermoRtahle 
element  may  be  concerned  in  it.  We  must,  however,  accentuate  tho 
ad\'i»ability  of  keeping  in  view  the  fact  that  the  pi-operties  of  the  serum 
differ  in  immunisations  against  different  infective  agents ;  that,  for 
instance,  according  to  Sir  A.  E.  Wright  and  Dr.  Wifidsor,  the  develop- 
ment of  immunily  against  Btaphylococcus  infection  is  unlike  the  cases  of 
cholera  and  ty])l]oid  in  being  unaccompanied  by  the  development  of  a 
liactericidal  serum.  Thus,  if  the  opsonins  be  of  the  nature  of  immune 
bodies,  the  tiuestion  arises  of  haw  far  and  in  what  cases  the  complement*, 
with  which  theyat't,  jjass  out  into  the  sennn  when  the  blood  is  withdrawn 
from  the  body.  Before  the  work  of  Sir  A.  E.  Wright  and  l>r.  Windsor, 
doubt  had  often  arisen  whether  certjiin  antibacterial  serums  really 
depended  for  their  action  on  the  pieaence  of  definite  Iwictericidal  or 
bjictenolytic  principles,  especially  with  regard  to  the  antistreptococcic 
serum  (vxiU  Lingelsheim  (335)).  The  search  for  immune  body  in  it  has 
been  unsuccessful  (Aronson  (4))  ;  and  the  general  view  of  the  French 
school  has  bt'cn  that  its  protective  and  curative  actions  depend  on  its 
stimulating  the  phagocytes  to  take  tip  the  invading  bacteria  (Besrodka 
(25)).  There  are  other  instances  in  which  ditticulties  have  arisen  as  to 
the  action  of  immune  serums,  and  the  work  on  opsonins  must  in  these  ciues 
stimulate  fresh  iufpiiries.  In  any  event,  this  work  is  fresh  evidence  of 
the  probable  compiexit)'  of  the  [processes  involved  in  immunity,  and 
indicates  that  not  only  in  different  cases  may  different  mechanisms 
be  at  work,  but  that  even  in  the  same  case  different  mechanisms  may  be 
combined. 

If  the  opsonic  quality  of  the  serum  be  in  reality  distinct  frifm  such 
actions  afi  theAe  concerned  in  bactenolysis,  two  questions  naturally  arise. 
In  the  first  place,  since  the  opsonins  arc  present  iti  non-lwictericidal  serums, 
how  comes  it  that  the  death  of  bucteria  results  ]  The  natural  answer  is 
that  in  such  cases  djs,  we  have  indic^ited,  the  substances  concerned  in  the 
actual  killing  of  the  bactoria  must  be  strictly  confined  to  the  cellular 
protoplasm.  Whether  they  are  of  the  nature  of  the  substances  which  in 
other  cases  act  intracelliilarly  we  ainnut  tell.  To  the  second  question, 
what  is  the  source  of  the  opsnuins  ?  no  answer  can  be  given  ;  but  we 
must  be  prepared  to  find  that  they  arc  not  leucocytic  products. 

Whatever  views  l»e  hehl  as  to  the  scientific  relation shi|>s  of  the  work 
of  Sir  A.  R  Wright  and  Capt.  Douglas  to  other  hyj>othe8e8  regarding 
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imiDunity,   the  methods  ehibomt«d    by    those    oWrvcrs    ai-e    of    great 

yjim  for  the  detection  and  estimation   of  a  particular  caprtuity  of  thii 

further,  there  is  little  )lonl»!    that  dunn^  cerUuji  imiuuiiisa 

s  changes  in  the  opsonic  index  in   tlie   sernin   atv   nbHtri- 

iWe— an   increjwe  of   opsonic    power  being   specially   inip*n'tjint.     Sir 

A.   E.    Wright     and     Capt.     Douglas    (.HT^J)    liave     shewn     that     in 

dnmic  staphylococcuB    infections,    such    us    are    found    in    )M>iIa   and 

funmcutosisf  the  opstmic  powers  of  the  serura  towards  the  Iwctcfium  in 

(juestioH  arc  lower  than   in   the  healthy  man.     They  have  also  sliewn 

|3'2)  that  the  same  holds  goo<l  in  certain  tuberculous  infections.     They 

^H  founi)   that  in  each  caiie  the   injection  of   the  dejid   brxlies  of  the 

concerned  frequently  i*aisea  the  ojrsonic  cajiacity  of  the  werum, 

Irith  this  rise  an  improvement  in  the  morViiii  condition  i.s  observed. 

Thfiriw  in  opsonic  power  is  not  indefinite  and  the  conditions  affecting  it 

W! ttjil  unknown,  but   there  can  be  no  doubt  of  the  existence  of  this 

edacity  for  increase  in  the  opsonic  power. 

(t  may  here  be  iiu*ntioiie<i  in  connexion  with  these  therapeutic  obser- 
«tiofl»  that  Sir  A.  E.  Wn'ght  uses  i\w  term  "opsonic  index"  to  <ienote  the 
fKReotage  of  opsonic  power  of  the  aick  person's  serum  in  c^m^jwirison  witli 
t^  of  the  control  senmi  of  a  presumably  healthy  person  (usually  tliat  of 
tiwobaerver  himself),  which  is  taken  as  unity.  A  difficulty  might  natur- 
AQr  arise  here,  because  the  perfect  health  of  the  observer  who  tiscj*  his 
om  fierum  a.s  a  test  for  comparison  nnist  he  assumed,  but  in  pnictice 
ihi»  appears  to  be  relatively  unimportant. 

Several  interesting  (.juestions  here  emerge.  For  insUuice,  given  that 
'ke  npeonic  jtower  of  the  serum  generally  is  lower  than  normal  in  eondi- 
'iuru  of  multiple  local  iHictcrial  lesions,  mich  :ks  occur  in  widespread 
funiDcnlosis  or  chronic  tuberculosis,  how  is  it  that  the  injection  of  dead 
tttcteria  «in  raise  the  oi)H<iTUC  content  of  the  blood  \  It  would 
ittturally  be  imagined,  if  dea<l  bacteria  were  capable  of  stinnilating  sucJi 
A  change,  that  the  constant  de;ith  of  ba^'teriit  in  the  lesions,  whieh  nn- 
(Joahie<]ly  occui-a,  wouhl  furnish  a  sufficient  stimulus  to  whatever  mechan- 
ism is  rrs]M)nsible  for  the  production  of  these  opsonic  bodies.  We  have 
«ren  vhat  difficulties  arise  in  connexion  with  the  passage  into  the  body 
of  intracellubir  toxins  and  of  the  substanccA  giving  rise  to  lytic  action, 
ind  here  again  we  have  a  diHicidty  with  regai-d  to  o])sonic  action.  The 
poeibilicy  of  the  formation  of  opsonins,  a^urt  from  the  wandering  cells  of 
Uie  body,  U  again  suggested,  and  it  is  concei^'able  that  the  passage  of  the 
opaoain-Btimtdating  material  from  the  lesions  may  bu  prevented.  There 
»  evidence  that  the  general  diminution  of  ojwonic  power  in  the  infections 
^M|||h|  niuy  be  due  to  a  usin;:  up  of  the  IxmUIv  opscmin  in  the  local 
W^/K'  1^^  ^ii*  A.  K  AVrightand  Afajor  Lamb  (.175).  when  investigate 
tag  the  agglntinirm  present  in  the  bodies  of  typhoid  imtiontR,  found 
(hat  thi!  amount  present  in  the  splenic  piilj),  i.r.  where  Uicilli  abound,  was 
IflM  than  in  the  circulatory  bloo«i  in  wbicli  bacilli  do  not  exists  Similarly, 
mixh  regard  to  opsonins,  Sir  A.  K.  ^^'rightand  Capt.  Douglas  (;J7.*()  fmind 
that  the  fluid  of  pun  had  less  opsonic  r^ualit}'  than  the  blood-plasma. 
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The  Perpetuation  of  Acquired  Increased  Phagocytic  Capacity.— 

All  aspect  of  the  phiigcwytic  hypothesis  to  which  we  h;ive  not  yet  ttUuil«jl 
ia  that  relating  to  the  mechanism  Ity  which  the  (wsitively  chemiouwii** 
intiueiice  deveh>|»e(l  in  |jhagoc\'tes  may  he  perpetujited  in  the  organism. 
It  is  evident  that  if  acquired  immunity  depends  on  the  possession  by 
phagocytes  of  pojvei-s  which  formerly  they  did  not  mnnifest,  i\  perpctua- 
tion  uf   these   powers   must  he  provided   for    in   order    to    account    ior 
an    immunity  persisting    in    many  cases   for  years.      It  is  very  uiifur- 
tunate    in    ihi»   connexion  that  the  natural   diseases  of  man   in   which 
immunity  appears  mo&t  durable,  such  t^  scarlet  fever,  raoasle-s,  and  snial]- 
pox,  are  precisely  those  diseases  whoso  causal  agents  arc  entirely  unknown. 
It  is  thus  easy  to  oversute  the  prevHlence  of  Jnmmne  individuals  as  u 
factor  in  the  8ociolog;5'  of  the  race.     Thus  in  many  human  diseaRca  whea 
occurring  naturally,  such  as  staphylococcus  ;uid  streptococcus  infections, 
diplitheria,  influenza,   ptieumoniH,   pn>teotion    conferred    hy  an   attack   i» 
either  nonexistent  or  is  very  short-lived.     As  a  scientific  truth,  however, 
the  persistence  of  immiinisatiou  is  well  ost-xhlishcd.     In  connexion  with 
H  purely  phag<jcytic  hypothesis  there  are  several  diificultics  to  be  fiwed. 
If  tlio  inriucnccs  which  transfoirn  the  indifrercnt  attitude  of  a  leucocyte 
into  a  tendency  to  move  towards  un  invading  bacterium  are  wholly  within 
the   leucocyte  iteel!*,   then    iht^   chenn'oUictic    tendency   will  die  with    the 
leucocyte.     We  do  not  know  the  duration  of  the  life  of  a  leucocyte,  hut 
we  do  know  that  leucocytes  arc  constantly  being  destroyed  in  th«  body, 
especially   in   the   spleen.     'X.Vv^   wasUige   must   lead   to   the   phagocytes 
circulating  in  the  blootl  at  any  particulai"  moment  giiidually  rlisappcaring 
from  the  bo<ly.    With  regard  to  the  imiwrtiint  mi<ropha^f('s  or  polymorpho- 
nuclear leucocytes,  there  is  no  evidence  that  they  [jossefts  proliferative 
ca|Kicity,  and  they  are  therefore  incapable  of  handing  on  to  their  succciUHii's 
in  the  body  any  qmility  which  they  themselves  have  acquired  in  their 
adult  existence.     With  regard  to  the  vuwQphiige  circulating  leucoc}rtei 
and  the  warrophag'^  cxtmvascular  pbigocytes,  esjwcially  such  cells  as  form 
the  endothelial  lining  of  blootl-vussels,  lymph-vesaols,  spleen-pulp  sinuses 
or  IjTnph-sinnses,  we  cjinnot  speak  with  any  detinitencss  ;  we  do  not  know 
thfir  life-history.        The  difficulty   of    the    situation  can  he  suifiriently 
realised    from   wbit  has   been   siiid   regarding  the  irajurtant  micropharft 
cells.     However   perfectly    phagocytic  they    may   become,    there    is    no 
mechanism  known  hy  which  their  qualities  can  l>e  preser\'ed  for  the  use 
of  the  body,  nor  do  we  know  of  any  uiechanism  by  which  effects  prodnce<l 
on  u  few  cells  of  the  IkkIv  can  Ix;  reflected  in  a  change  in  the  constitution 
of  all  rh(!  tluids  of  the  l>ody. 

In  this  connexion,  however,  there  is  one  |)oint,  hitherto  but  little 
recogni»(ed,  which  was  considerefl  in  some  detail  in  connexion  with  the 
]utthogonotic  effects  of  bacteria,  namely,  that  the  loc;il  chemiotaxis  of  leuco- 
cyte* from  the  vessels  in  the  neighbourhood  of  a  focus  of  luicterial  growth 
is  only  a  [►art  of  u  general  process  which  manifests  itself  in  every  severe 
infection,  and  in  which  a  general  stimuUition  of  the  phagocytic  tissues 
of  the  body  occurs.     Wo  have  ^txn  how,  in  the  course  of  this  {iroccss, 
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limt  H  not  only  u  draining;  of  the  cells  from  these  tissiies,  especially  from 
the  mnrrow  of  bone,  but  that  there  is  evidence  of  active  cellular  prolifera- 
*Mr,  ill  all  piirU  of  the  body  where  phapocytos  can  be  forniod.  llio 
..uitiianpe  of  this  phenomenon  cannot  an  yet  Im?  realised,  nor  shall  we  be 
in  <i  [Misiiinn  to  imdei*stand  it  till  our  views  of  the  ixut  played  by  actual 
pluj.i)cvU)sis  are  less  nebulous  than  they  are  at  present.  We  recognise 
that  a  reaction  occurs  which  not  only  involves  activity  on  the  {lart  uf 
alls  whoso  Ufe-couvae  nmy  be  nearly  run,  aa  is  probably  the  case  with 
ihr  pofyiiiorpho nuclear  leucocytes,  but  that  on  impression  is  made  on  the 
i:i'niiin.-iting  Kipacitics  of  practiadly  all  the  phagocytic  tissues  of  the 
i»ly.  This  opens  up  the  way  for  a  permanence  of  function  being  im- 
prtrtted  on  the  eells,  which  may  not  come  into  functional  existence  till  a 
long  period  after  the  actual  infection  has  elapsed.  The  diseases  in  which 
ihc  f^oneral  reactive  phenomena  have  been  most  carefully  studied  would 
be  cUswd  in  the  group  where  actual  phagocytosis  has  l>een  found  by 
Sir  A.  K  Wright  to  be  extremely  prominent ;  but  if  the  phagocytes 
I  ■'V  ;i  ^KLssive  part,  it  will  l>e  iliHicult  to  assign  to  the  process  a 
11  »I  connexion  with  the  pcrjwtuation  of  iToruunily.  It  remains  to  bu 
*^n  whether  it  is  not  precisely  in  those  cases  in  which  actual  pliagocytosis 
>«  e&atintiid  to  the  deatli  of  the  bacteria  that  immunity  is  most  lleeting. 
It)  muural  streptococcus  infection  in  man»  and  also  in  pneumonia — two 
of  the  diseases  in  question — there  is  little  doubt,  as  has  already  been 
l»t^i,  that  the  immtinit_v  acquiretl  is  very  truns{itorv-  Kvidence  l>earing 
QqUus  |M:»int  will  appear  in  the  section  on  ihcr;if>cutics  {mde  \\.  171). 

Phagocytosis  in    relation   to  the  Constituents  of  Serums. — Just 

'■»  in  the   case   of   tliu  antitoxins   it  was   important   to   inquire   as  to 

Che  probable  sites  of   their  formation,  so  it   is   natural   that  the  same 

^jiUMtion,   though   one   of   giieiiter   complexity   and   difficulty,    shouhl   be 

oked  with   regard   tu  bactericidal   UxlicH  when   such   are   found    in   the 

ffraoL     As  hius  Ik'Cu  shcwn^  it  is  still   impossible  to  be  certain  of  the 

reUtive   imiwrlance   of   in tm cellular   and    extnicclUdar   processes   in   the 

destrurtion  of  Itacteria  and  the  rise  of  imnmnity.     In  cert^iin  cases  the 

bactericidal  substances  may  be  wholly  confined  to  the  cells  and  never 

ptsa  out  into  the  body-fluids,  neither  under  normal  conditions  in  the  body 

nor  in  these  Huids  when  thoy  are  removed  from  the  ImxIv  ;  this  may 

occur  iu  the  case  of  staphylococcus  infection,  both  in  a  normal  and  in 

an  immunised  animal.     A  pamllel  is  found  in  the  case  of  the  feniient 

by    which    the    yeast    organism    transforms    sugar    into    aUtohol.       In 

wrlmary    circumstances   this  ferment    never   leaves    the    protoplasm    of 

thf!  yeaist-ocU :  it  is  only  by  the  most  thorough  trituration  and  expression 

under  great  pressure  that  it  can  be  obtained  in  a  frankly  fluid  form  (54). 

Ag^in,  in  other  cases,  as  with  lyj)boid  and  cholera,  both  in  the  (trdinary 

the  immunised  animal,  bactericidal  subbtAnces  api>oar  in  the  scrum, 

the  question  arises  whether  they  are  also  present  in  the  plasma.     It  is 

to  the  source  of  these  substances  that  our  inqiiiries  naturally  turn  ;  but 

the  question  ia  at  present  very  complicated,  since  most  of  the  results 

available  are   coloured   by   the   supposition   that   in    every  case   where 
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bacteria  are  destroyed  in  the  body  bactericidal  qualities  appeiu*  in  tbe 
scrutii,  whether  or  no  theae  qualities  have  been  assigned  by  the  observer 
also  to  the  plasma,  Wc  have  no  (hjubt  in  the  cases  of  cholera  ami 
tyi^boid  infections,  and  also  in  the  cases  of  hiemolytic  serums,  that  Ijacleri- 
cidal  and  Ijactcriolytic  or  hemolytic  aubstancoa  are  found  in  thti 
serum  iu  vitn).  It  might  be  thought  easy  to  confine  our  attention  to  the 
work  done  in  relation  t^j  those  serums,  but  unfortiuuitely  the  records  itre 
complicated  wlLh  ol»3ervation8  relating  to  other  morbid  processes,  such  as 
infection  by  tlic  pyogcnetic  cr>coi,  which  in  the  light  of  recent  results 
are  exceedini,dy  ditHcult  to  interpret.  In  attempting  to  give  a  brief 
account  of  the  work  Hone  we  must  recognise  that  v«ry  little  in  the  sliape 
of  definite  knowletlge  has  been  attained,  and  it  is  very  desirable  tliat 
many  of  the  experiments  should  be  re[)euted  with  modern  methoda.^ 
Metchnikotl',  as  ha-s  Ixjen  pointed  out.  assigns  bactericidal  properties 
when  they  occur  in  senims  to  intracellular  ferments  {rj/toff)  escaped  from 
th«  phagocytic  cells  in  which  tliey  were  formed.  GencPHliy  sjjeuking,  tho 
bactericidal  l>o<lies  are  in  Mivh  a  view  looked  u[K>n  as,  if  not  identical 
with,  at  any  rate  belonging  to,  the  same  group  of  lK>dies  as  the  iutra- 
protoplasmic  proteolytic  ferments.  As  we  have  seen,  Metchnikoti'  was 
led  into  this  position  by  the  comparative  method  of  his  research,  in 
which  a  consideration  of  the  methods  of  digestion  of  food  piirticles  by 
the  lower  invurtebraUi  led  up  to  the  deftuice  against  invasion  by  [lanisitea 
being  correlatetl  with  ordinary  metabolic  activity.  Nevertheless,  he  seems 
to  incline  to  the  idea  ihat  there  are  varieties  of  fermentative  substances 
acting  in  the  same  way  towards  the  same  result,  for  ho  diH'ereniiatos 
between  the  ferments  of  the  macrophage  cells,  which  he  names  macro- 
cffUnff,  and  those  of  the  microphagu  cells,  which  he  denominates  micro- 
(■///«.<«.  In  ilealing  with  the  components  uf  hamolytic  serums  wc  have  noted 
certain  ditticuUics  lyir)g  in  the  way  of  accepting  the  analogies  of  hiemo- 
lytic jiction  with  ordinary  pi-oteolytic  fermentation.  Whatever  the  natiu« 
of  bactericidal  action,  Metchnikotl'  cousiidera  the  phagocytic  cells  to 
constitute  tho  source  of  l>acl«ricidal  elements  ap])e.-ii'ing  in  a  serum. 
This  sUindpoint  has  been  Uiken  up  by  many  obserAors,  with  the  view 
of  attempting  to  harmonise  the  humoral  and  phagocytic  conceptions 
of  inuuunity.  Dr.  Ilunkin  (144),  for  instance,  from  experiments  with 
the  bicieri cidal  qualities  especially  of  ndiliit  senun  towards  the 
J'ihrio  MrkhnikoH  traced  the.so  qualities  to  the  shedding  of  material 
from  the  eosinophil  leucocytes.  This  he  fournlcd  on  the  obsenatiun 
that  appearance  of  an  increase  in  the  bactericidal  |M>wer  of  the  seitim 
was  accompanied  by  an  app/u^nt  loss  of  granuhition  in  the  leucocytes. 
These  results  have  been  subjected  to  criticism  which,  to  a  certain  extent, 
is  justified,  since  we  are  not  in  a  position  to  dofine  the  homologies 
of  the  eosinophilous  colls  in  thi-  diftcretit  higher  vertebrata,  and  thus 
cannot  aasign  functions  to  those  cells  as  they  occur  iu  man  on  tho 
strength  of  observations  made  on  another  animal.     No  one,  however,  can 

>  For  n  full  account  of  Uio  •ubjeut  wid  ut  exoeU«nl  bibliography  tbti  ramJu-  U  nrcrml  to 
a  paper  by  Dr.  Bulloch  (66). 
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take  into  account  the  markc<1  weakness  of  pba>;ocytic  cit[»LcHy  in  human 

wwjiophils,  iind  the  diHicnlty  of   thus  as?iignirig  ihom   a   fmtetion    in  a 

|nirp|_r  |>h:igufylic  schi'ine,   without  iLeisii'ing   the  quei»tioii    to    Ke    rcoop- 

iitl^rwi  in  the  ii^jht  of  modem  knowledge.     Buchncr,  who  at  first  looked 

mibealexic  power  of  tho  blood-scrum  as  evidence  against  a  jiliagocytic 

li^polbesif.   uiliraat«ly    <52)   cam©    to    believe    t!iat   the   alexins    were 

tieririxi  (rom  tlic  leucocytes.     This  opinion  was  based  on  tlie  artificial 

iBiftJcyi/Ktis  caused  by  iho  injection  into  tho  pleural  cavity  (if  the  rid)bit 

of  wheal-ghittiii.      Buchner  ffiund  that  when  the  exudation  was  frozen 

ind  ttuwed  so  as  to  kill  and  break  \\\\  the  leucocytes,  tho  Huid  (»f  the 

cnulivtc  was  much  moru  powerfully  bactericidal  than  the  blood-senuu  of 

ibi;  laimal.     I^ike  the  latter,  the  exudate  lost  it»  bju^tericidal  capacity 

Oft  Iving  heated  to55'  C     These  results  were  confirmed  by  IJahn  <140), 

workiti;;  with  H.  ly]ihosujfy  B.  cotiy  and  yUtrin  rlwintr;  and  this  observer 

furthof  found  that  when  a  hypcrlencocytosis  was  induc(*d  in  an  animal, 

limn  be  done  by  the  injection  of  miclein,  the  bactericidal   power  of  the 

WtMl-fterum  towards  the  U.  Oili  was  raised.     A  similar  fact  wtts  observed 

fa>  man  in  the  hyperleucocytKisis  which  foUowH  the   theiajwutic   use  of 

wUmiHu.     Some  of  the  earlier  results  arc  interesting  from  the  point 

of  now  of  tlnr  recent  work  on  opsonins   (cf.    Denys  and   Leclef  (84)). 

r*.  Ainley   Walker   (340)   observed   that  during   tho  fii-si,  few   hours 

"fttr  blood  was   removed   from  an   animal  imnume  against  typhoid,  a 

rw  ui  the  amount  of  ciniplerneiit  present   in  the  senmi  was  oliservable, 

M  innn  this  he  concludes  that  the  themiolabile  element  has  its  origin 

m  the    leucocytes    of    the    blood.       This  is,  of    coxu'se,    the    view   of 

ilctdmikolT,  who,  as  we  have  seen,  holds  that   cnniplemeni  only  apjiears 

ID  furis  of  ihc  body  contninin^  cells  cafudile  of  undergoing  phagolysis- 

*Uh  regai^l  to  unimali*  iuinmnisLd  ag:tinst  cholera,   I'feifter  and  Marx 

(!yj|  could    nnt  fin»l  ntiy  evidence  that  the  leucocytes  of  the  blood  nr 

"fii  ghittu  casein   hypi>rlrucocylosi5  shewed  greater  activity  in  protectr 

u^  guinea  pigs   against    a    minimal    lethnl   dose  of  the   living   vibrios 

^    the    general    blrMxl-iicnini.       They    found    that    such    protective 

firgpertitt  were  exhibited  in  the  most  markud  form  by  the  splet^n,  the 

n>f»e-m«rrow,  and  tho  lyraph-glands.     Similar  rvsults  were  obtained  for 

_     tjpbnitl  by  Wjuiserniann  (IJtG). 

^K    In  support  of  this  view  are  the  experiments  of  (jcngou  (1S5),  whr. 

Hkainrnl  a   polymorphonnclear   hyperleucocytosis  by   iSuchner's  method 

flf  iiijacting   glnten-casein    int(»    the   pleund   cavity   of   the   rabbity  the 

«nidat«   l»eing  removed  on  the  day  folloiving  the  injection.     If   three 

or  four  days  were  allowed  to  elapse  l>efore  the  exudate  was  removed. 

75  per  rent  of  the  cpIIs  pn'sent  were  mononuclejir  phagocytes.       \Vr)rk- 

hig  with    />*.  ttfji/iosii."  and  tho   /'V^/tm*   rhoUnr,   he    found    evidence    that 

bftctenddul  action  was  present  in  a  Ixjuillon   extract  of  the  iM>lymorpho- 

nuclcAT  cells.     Xo  bactericidal  action  was  exerted  on  B.  aJi^  and   the 

extnet  of  the  mononuclear  cells  hiid  no  action  nn  any  of  the  bacteria 

etuptoy«().       Agjiiti,    Laschtschenko    (17i^)   found    that    though    neither 

inactivated  normal  rabbit-  nor  dog- serum  had  any  marked  bactericidal 
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action  on  the  Slnphjloroccm  pyogenes  aunnx,  yet  when  rabbit's  oor- 
piiflcleft  wore  digested  with  the  former  and  the  hitter  added,  then  a 
bactericidal  eSfect  whs  prodiieod  ;  from  this  he  concludes  thai  a  substoooe 
complementftiy  for  an  inimnne  hody  in  the  dog's  serum  is  contained  in 
rabbit  coq^uscles.  Tiomsdorff  is  of  opinion  tliat  this  tiin  be 
excrote(.I  by  the  corpuscles  while  still  in  a  linng  condition.  In  opp<isi- 
tion  to  Buch  reaults,  Petrie  (tiTO),  who,  using  the  gluten  casiein  meiho«l, 
Wftflhed  the  loucocyt*^s  free  from  sonini  and  ground  them  up  with  sami 
at  the  temperature  of  liquid  air — a  temperature  which  does  not  destroy 
ordinary  serum  alexin — cuuJd  not  obtain  any  evidence  of  a  bactericidAl 
power  on  B.  typhosm  or  B.  colt  in  the  extract  of  the  leucocytes,  nor  bad 
they  apparently  any  power  t/j  complement  inactivated  coU-free  exudate, 
nor  coulrl  they  complement  inactivated  typhoid  immune  serum  so  as  to 
make  it  bactericidal  to  typhoid  bacilli.  This  was  true  both  of  onlinary 
and  of  immune  animaU.  .  Furlher,  Petrie  could  not  find  any  evidence 
that  the  cells  of  the  spleen  of  the  rabbit  could  supply  the  |(lace  nf 
the  complement  of  the  serum,  or  that  any  complement  was  present  in 
the  spleen,  liver,  or  suprarenals.  Thesi*  results  are  in  agreement  with 
similar  experiments  of  Ascher  working  with  cholera.  In  the  face 
of  these  contradictory  results  it  is  imfrassible  for  us  to  arrive  »t  any 
result  as  regards  the  probable  soiu'cc  of  the  l>actcncidal  elements  when 
such  occur  in  the  blo(Kl-senim. 

Nor  can  any  more  do6nite  knowledge  be  attained  with  regard  to  the 
Rounreif  of  the  ennstitucnt^  of  hiemolytie  serums.  MctchuikoH'  inclines  to 
the  view  that  the  macrophages  are  more  concerned  in  the  englobment  of 
foreign  colls,  such  as  blood  corpuscles,  than  the  microphages,  which  (leal 
rather  with  Iwictoria,  although  ho  admits  that  exceptions  occur.  Adopt- 
ing this  idea,  Taraascvitch  (321)  investigated  the  properties  of  emulsions 
of  the  organs  containing  the  imtcruplu.uie^  in  grejitest  number,  namely,  the 
great  omentum,  the  lymph-glands,  and  the  spleen.  He  found  that  such 
extracts  were  hannolytic  to  the  rod  corpuscles  of  birds.  A  greater 
decree  of  haMnolyiic  action  was  obtained  if  to  the  mixtnres  an  appro- 
prialu  immiino  serum  (inactivate*!  by  heat)  wore  added.  The  emulsion 
thus  probablv  cont;uned  a  complunientiiry  bwiy  (macrocylase)  with  an 
insufficient  amount  of  immune  iHitfy.  The  action  of  the  enuUsion  njis 
generally  lost  by  beating  at  TtS"  C,  but  Tiu'asst-vitch  notes  that  in  eerta.iii 
cases  a  degree  of  resistance  to  heat  was  manifested.  These  macrophage 
emulsions  ha<l  no  bactericidal  elVect^  and,  on  the  other  hand,  emulsions 
of  bone-marrow  tested  by  this  author — wliich  would  probably  conuiin  a 
grwitcr  amount  of  microcyUiso  —  shewed  no  ha'molyiic  action.  These 
result*  have  boon  criticised  by  Korschun  and  Morgonroth.  who 
shook  the  organs  up  with  sjuid,  and  ccntnfuging  oH"  tht*  debris  used  the 
separated  fluitl.  Tbi'ce  objections  arc  niised  :  in  the  first  phice.  when 
iho  extract  of  an  organ  is  hwraolytic  the  corpnscle-dissoUnng  substances 
are  much  more  resistant  tn  hiiat  than  the  constituents  of  an  onlinary 
hemolytic  serum  ;  secondly,  no  bodies  of  the  nature  of  evisch^nlorprr 
can  be  is^itated  by  the  methods  ordinarily  employed  for  this  purpose ; 


Uitnllr,  when  injected  into  animals  the  extracts  do  nut  give  rise  to  the  anti- 

l)rtiifs  pnttliioed  by  the  injection  of  the  constitiientg  of  inimiuu*  serums. 

\\abro»?ini  to  the  heat-re.-sisting  t|ua1jtie»  of  organ-ex trticts,  it  mny  be 

Mid  ihrtt  Lowit,  working  with  leucocytes  ground  tip  with  glass-powder, 

hiii  ohuined  evidence  that  here  also  the  bjictericidal  enl>8tances  extnicted 

«ioo<]  a  higher    temperature   without   injury   than    the  eon-stituenU   of 

>ftii  ordinary  bactericidal  serum.     This  result  has,  however,  been  denied 

by  S'halt«nfrob.       With  regard   to    the    possible   relationsbip    of  the 

iiM>nnDuclfi*r  lencocyte«  to  the  formation  of  immune  bo<ly,  Dr.   Bulloch 

('^*?)  niade  blood-counts   in  rabbits  during  immunisation  with  ox-blood, 

'•nd  It  tlie  same  time  tested  the  hiemolytic  power  of  the  serums.      He 

[hmi\  that  when  the  immune  body  begins  lo  appear  in  the  seriun  there 

u  »  fiat)  in  the   mononuclejtr  leucocytes,  and   that  fluctuation   in   the 

numlwr  of  these  celU  was  con-elated  with  fluctuation  in  the  amboceptor 

,e«il«nt  of  the  serum. 

Thiwgh    the    rosidts    of   these    researches   on    the    possible    sources 
|ci  tiie  coristituenlji  of  bactericidal  and  hieniolytic    sei-ums    protluce,  on 
lie  whole,   a  very  confusing    impression,  the    general    result    must  bu 
fJo  incline   to   the   view   that  sometimes  the   cells  clashed   by   Metchni- 
A«   phagocytes   have   a    connexion  with   the   origin   of   the  serum 
■uiUCiientA.     These  cells  can  manifest  in  thoir  protoplasm  the  bactericidal 
id  bucteriolytic  processes  under  consideration,  and  as  there  is  no  reason 
suppose  that  in  tbis  particular  wwe  the  cellular  protopbism  acts  othor- 
lae  than  through  chemical  agents,  and  as  chemical  agents  arc  concerned 
the  two  corrtisponding  extracellular  actions,  it  is  natural  to  suppose  that 
lie  intnicelUJar  action  depends  on  the  presence  of  the  same  stilwtiuices 
the  extracellular,  and  that  hence  the  substances  found  extrncellularly 
iiavp   l»eon    manufactured    within    the   cells    which    manifest    tho    same 
aclions.     This,  however,  can  at  present  be  looked  on  as  little  more  than 
ail  ii  pru/ri  probability,  sup|>orted  indirectly  by  certain  facts.     We  are 
not  m  a  position   to  say  more,  and   the  difficulties  uf  elucidating  the 
prohieniB  at  issue  seem  very  great-     One  of  these  diniculties   may  be 
thkt  the  substances  within  the  cells  may  exist  there  in  a  preliminary 
form,  a«  is  true  of  the  simdar  case  of  the  ordinary  digestive  ferments  of 
the    |M»ncrfyis.      This   possibility    has    been    recognised    by    Petrie,    but 
evidence  bearing  on  the  |x>int  was  nought  for  by  him  without  success. 
Wc  must  ever  bear  in  mind,  in  connexion  with  the  whole  question,  that 
we  know  nothing  of  how  any  of  the  constituents  of  the  ordinary  blood- 
plasma  are  formed.      In  conclusion  here,  it  may  be  remarked  that  on  the 
whole  question  of  the  origin  of  the  constituents  of  immune  senuns  Ehrlich 
and  bis  school  are  silent.     The  nidy  reference  to  the  subject  is  to  be  found 
in  a  remark  by  Khrlich,  in  which  he  (piotes  with  ajiproval  an  experiment 
of  Pfriffer  and  Maix,  in  which  during  iumiuniaation  against  cholera,  at 
time   when  no  protective  substance  was   present   in   the  serum,  such 
stances  were  found  in  saline  exti^acta  of  the  organs. 
PhaflToeytosis   in   relation  to  Immunity  against  Toxins. — It  will 
have  b€«n  recognised  that  Metchnikoll's  phagocytic  hj|X)thesis  is  chiefly 


ISO 


SYSTEM  Of  MEDICINE 


bnsL'd  (Ml  the  inTestigaiion  of  coses  of  bacterial  invasion  and  of  immtinitv^ 
agHin«t  eiiuh  inv:tsiou.  It  may  be  asked  whut  attitude  the  iipholden-  nr 
tlie  phag(»LyLti'  hypolhcsis  julopt  towjinJrt  inimiinitv  agiiinat  toxins  uiil 
towinxIsantitoxiQ-fonimtitni.  In  sj)oakingof  the  interactions  of  toxins anti 
antitoxins  we  have*  Uiken  up  a  ]ioaitian  ot  reserve  with  regard  to  thf  part 
played  by  antitoxin-formation  in  the  recovery  fn>m  intoxication,  aiiij  wtf 
have  indicated  that  if  cells  sensiciro  to  toxins  bo  looked  on  ii£  the  sotircu 
of  antitoxin,  seveml  antagonistic  fact*  muist  be  accountod  for.  The  mo«t 
im[H)rtant  \\\  these  faciei  is  the  bypersonsitiveiiciM  to  toxin  injection^  shewn 
by  Boluiitg  to  occur  in  some  uniniaU  which  yot  possess  a  definitely  anti- 
toxic surum.  Metchnikott'  has  oniphii-siKctl  the  ini{M_)rt.'tnce  of  this  occtir- 
rence  when  intcri)reted  Xxi  mean  tJial  cells  receptive  for  toxins  may  exist 
in  the  Ixxiy  of  an  animal  whore  antitoxin-proJuction  is  going  on  notwith' 
standing  the  senaitivcnesft.  He  hioks  on  it  as  indicating  th;it  the^e 
sensitive  cells  are  not  the  sources  of  th«  antitoxin-formation.  While  not 
in  possession  of  facts  directly  bearing  on  a  soluiiitn  of  the  difficidiit^,  he 
draws  attention  ('237,  p  43)  to  the  frequency  of  leucocytosis  in  animaU 
subjecteil  to  bacterial  intoxicatinti,  e.^^pccially  when  the  dose  of  toxin 
administered  ia  sub-lethal.  He  also  draws  attention  to  the  work  o< 
Calmette  (G6)  on  the  action  of  atropine  on  the  mbbit  The  rabbit  i« 
very  insensible  to  the  action  of  this  poison,  but  Calmctte  found  that 
the  huiidri'dth  piirt  of  a  dose,  which  it  can  tolerate  without  effect  when 
introdu(-t!i]  into  tlie  circulation,  will  pnjduce  marked  symptoms  if  injected 
inLracerobrally.  In  further  cxperinienta  he  inJ4*ct<^d  a  large  dose  of 
atropine  intnivenously,  mid,  after  bleeding  the  aiiimid,  separated  by  cen- 
trifugalion  the  red  and  white  corpuscles  from  the  phisma.  On  Injocting 
moieties  nf  the  different  elements  into  the  central  nervous  system  of  other 
nibbits  he  found  that  the  part  conuiining  the  leucocytes  was  most  toxic 
The  inU'rpretatiou  put  on  this  experiment  by  Metchnikotf  is  that  the 
atropine  had  been  taken  up  by  the  leucocytes,  and  that  these  jii-otect  the 
other  cells  of  the  body.  On  this  analogy  ho  evidently  inclines  to  tbc 
opinion  that  in  bacterial  intoxication,  as  in  bacterial  invasion,  the  leucocytes 
probably  play  a  predominant  piirt  in  recovery,  and  as  innnune  Ixxly  and 
jxomplement  are  probably  produced  by  phagocytes,  it  is  possible  that  theae 
Uo  are  tlie  sources  of  antitoxins. 


The  Phenombnon  op  AcoLUTiN'ATroN 

•Sn  far  nothing  has  l)een  said  reg:irding  a  phenomenon,  often  observed 
during  the  action  of  a  l>acu<ricidal  serum,  v^hich  got^s  under  the  nam*^ 
of  not/lutiiMtion.  This  phenomenon  can  be  observed  ^rithin  a  few 
minutes  of  the  introduction  of  b;icteria  into  an  appropriate  serum.  In 
such  circumstances  the  individual  bacteria  ai*e  at  tir»t  uniformly  distri- 
buted through  the  Buid,  atid  if  thoy  happen  to  belong  to  a  motile 
species  active  movements  are  exhibited.  In  a  very  short  time,  however, 
a  change  is  seen,  which  consists  in  the  bacteria  W-oming  massed  together 
in  clumps  nf  varying  size,  and  if  the  reaction  bo  great  in  degree  no  free 
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haderia  rcu&in.  If  motility  has  been  present  this  is  no  longer  exhibited, 
ftwi gctiunili y  8|te;ikitig,  the  outlines  of  the  bacterial  cells  are  no  longer  so 
■:ti  3L»  bofore.  This  last,  however,  may  be  rlue  lo  the  commencement 
::"  '>ftct<*riolytic  action  of  the  serum.  The  a^'glutiiiative  phenomenon 
tut*  Inn?  hi^en  rerognised  as  occurring  not  only  with  bacteria  but  with  red 
blowl-corpustrles  in  appropriate  aonini.H.  In  the  earlier  work  on  immune 
«ninu  it  was  looked  upon  as  an  integral  pfirt  of  the  b;icterici<lul  action,  and 
bi  miiny  of  the  papers  \ntb  which  we  have  had  to  deal  thiii  i8  the  attitude 
uken  up.  For  the  wike  of  clearness  we  have  not  alluded  to  the  oViser- 
ratioos  made,  a*  it  is  possible  that  the  agglutinating  properties  of  a 
senirowe  indejienilent  of  any  others  that  it  may  [tossess. 

In  liis  early  work  on  the  l^'sis  of  the  cholera  vibrio  by  an  immune 
Genitn,  E'feilTer  (271,  281,  272)  noted  agglutination  as  a  part  of  the 
plMlifiBionon  associated  with  his  name.  Attention  was  not  actively  called 
i«'il)t'  importance  of  the  occurrence  till  after  the  researches  (in  189ft)  of 
(■ii'NT  .ind  iHirham  (138)  on  the  properties  of  cholera  and  typhoiil 
iiii!!imu>  .^:'r«,  and  the  suhscpienl  work  of  Widal  on  the  recognition 
"'  the  presence  of  agglutination  in  human  serum  as  a  reason  for  dingnosiiiy 
Ih*  pn»ence  of  a  typhoid  infection.  Since  that  time  onwards  the  problem 
^*rf  Agglutination  has  taken  its  place  with  other  problems  relating  to  im- 
»iinity.  The  phenomenon  of  agglutination  of  the  causal  bacteria  of  an 
HBiino  serum  hiis  Iwen  found  to  he  very  romnmn.  Thus,  in  many  natiirnl 
Di(ft't«>n«  l»»'sides  typhoid  fever  the  serum  of  tlie  sick  individual  has  the 
of  flggbitinating  or  "clumping"  (as  it  ia  often  called)  the  cau?al 
iim.  Tlds  is  tnte  of  miuiy  cases  of  bacteriid  dysentery,  glanders, 
0]e.  luberculitsis  Malta  fever,  and  cholera,  and  also  to  u  certain  extent 
dipbtberia,  sti-epu>ooceus  and  staphylococcus  infections.*  Agglutination 
aUo  a  \ery  eonst^uit  property  of  the  immune  serums  which  muy  be  pro- 
in  animals  by  the  various  bacteria  concerned  in  these  diseases.  It 
ver>'  constantly  l>e  elieited  in  the  various  hreniolytic  serums. 
Agglutination  In  Normal  Serums. — The  serums  of  normal  men  and 
imala  ofteoi  exhibit  agglutinating  jiroperties  towaitls  many  bacteria. 
in  the  case  of  man,  many  normal  indi\iduals  agglutinate  the 
IfpkosHS,  the  /^'j/tiVj  dmlndt,  and  the  dysentery  bacillus.  Cn-nerfdly 
fpeaking,  however,  a  relatively  greater  degree  of  concentration  is  re(iuire4l 
for  tht*  accomplishment  of  agglutination  than  is  the  case  when  the  capacity 
agglutination  appears  in  u  sick  or  immunised  animal.  The  question 
Arisen  us  to  whether  the  agglutinins  occuning  in  normal  serums  are 
ific  for  the  bacterium  agglutinated,  that  is,  whether  difl'ereiit  ajiglu- 
ijnins  are  concerned  in  the  agglutination  of  ditVcrent  Viacteria.  B^itidet 
(37)  observed  that  ordinary'  horse  -  serum  agglutinntcfl  both  the  B. 
tfjkhorus  and  the  Fibrin  choUne..  On  a4ldiiig  cholera  vibrios  in  sutlicient 
t{tiantity  to  such  a  serum  and  eentrifuging,  the  serum  lost  its  capacity 


'  CoU-iidermtinuH  of  «ya*'.e  luvi*  rtiulered  it  quite  tmptMfitble  to  go  in  dctAil  into  the 
nniiipri-.iin  .iiirstiniui  rniKetl  in  coanuiiou  witli  agglutination.  Only  a  general  treatment  of 
lij  ^'U> ;  oil  the  more  x^H-ciil  tjuestioiui  th«  resuhaof  PaltJiufs  work  have  beeo 

u-.:  .  .   .  '  iitber  ulonuaUou  the  reader  is  nfvrred  to  his  paper  ('262). 
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of  clumping  the  cliolera  organisjn,  but  retained  the  property  towards  ibo 
typhoid  bacillus.  Similarly  on  treating  such  a  scrum  with  B.  ti^jiftofiis  it  lij^l 
its  cafKicity  of  clumping  tbia  bacillwi,  but  could  still  clump  the  cholera 
vibrio.  It  thus  appears  ao  if  a  certain  specificity  existed  in  the  natural 
agglutinins.  Whether  the  natural  agglutinins  in  a  serum  which  act  on  a 
particular  bacterium  are  identical  with  the  agglutinins  which  may  by 
iramuni.satioJi  be  produced  in  the  -siinio  animal  by  injecting  the  bacteriiun, 
is  a  question  which  cannot  bo  said  to  be  settled.  It  may,  however,  W  I 
said  that  slight  diffprences  have  been  found  to  exist.  _  j 

AsrgluUnatlOD  in  Immune  Serums. — What  Paltauf  has  called  immune-  i 
agglutinins  can  bo  produced  iu  animals  by  the  injection  of  living  or  dead 
bacteria.  Frequently  a  very  small  dose  of  the  infective  material  will  give 
rise  to  a  serum  of  high  agglutinating  capacity.  Tlio  counac  of  the 
reaction  is  that  the  agglutinative  power  Iwgins  to  apj^vear  from  the 
third  to  the  sixth  day  aft^r  a  single  injection,  but  may  be  delayed  con- 
siderably beyond  this  period.  The  course  of  the  reaction  has  been 
studied  hy  Jorgensen  and  Madsen.  These  observers  foimd  that  for 
two  or  three  days  after  injection  there  was  little  or  no  eflecl  pi-oduced  in 
the  senuu  :  if,  however,  an  animal  previously  treate<l  and  ])os3essing  a  i 
slightly  agglutinating  serum  wa^  used,  then  a  fall  in  the  agglutinating  ' 
capacity  was  usualiy  observed  on  the  day  aticceeding  the  fresh  inoonlalioii. 
After  the  preliminary  ph.ise  there  was  a  rapid  rise  in  agglutinative 
capacity  till,  after  four  to  six  days,  a  high  maximum  was  reached.  This 
was  succeeded  by  a  fairly  nipid  fall,  duiiiig  which  in  a  few  days  the  serum 
might  lose  half  its  potency.  After  this  came  a  period  shewing  a  gradual 
progressive  fall  in  agglutinating  power.  A  curious  j>oint  of  great 
theoretical  interest  came  out  in  these  researches,  luimoly,  that  if  instead  of 
a  single  lai'ge  injection  of  the  infective  agent  a  number  of  small  daily 
injections  were  practised,  the  same  phtise«  of  reaction  were  observed. 
There  was  a  maximal  effect  produced  which,  however,  although  the  injoc- 
tions  were  still  going  on,  was  succeeded  by  a  gi*adital  fall  in  the  agglutinate 
iiig  jKjwer  of  the  serum.  Observations  of  a  similar  kind  have  btten  made 
by  Oeutsch.  The  persistence  of  the  reaction  in  animals  may  bo 
observed  up  to  at  least  a  year  after  a  single  inoculation,  and,  i\s  Weinberg 
has  shewn,  may  also  be  found  in  the  natunil  infection  with  typhoid 
Certain  observations  on  the  persistence  of  tjrphoid  bacilli  in  the 
gall-bladder  long  after  the  patient  has  recovered,  ojien  up  the  possibility 
that  in  such  c;ises  there  has  been  itt  reality*  a  contimiance  of  inoculation 
with  material  capable  of  giving  rise  to  the  production  of  agglutinins. 
There  is  also  no  doubt  that  vety  great  individual  variations  may  be  met 
with. 

The  Spccijkiltj  of  Tmmunf-At/fjhilittins. — Tito  question  of  the  specificity 
of  the  immimo-agglutini»is  has  given  rise  to  a  great  deal  of  inquiry,  which 
has  been  6]x.'cially  aroused  by  the  observation  that  the  serum  of  typhoid 
patients  hiis  been  sometimes  ol>serve<l  to  clump  the  other  members  of  tbe 
great  group  of  Kicilli  which  ai'e  allied  to  the  B.  fi/phostts.  The  general 
result  has  been  to  establish  that  even  for  tbe  comparatively  weiikly 
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iggtutiaatiag  serums  which  are  found  in  natural  infectionB,  and  still  more 
forthfl  highly  ng^intin.iting  Benims  protluL'tfd  iti  unirnals,  tliere  is  »  8j>eci- 
finlr  of  ai:tion,  tluiiigh  the  speciHcity  is  not  aiieoluto.  Thus  a  typhoid 
tcnua  irili  often  agglutinate  the  U.  cdi^  Gaei  tner's  IxiciUus,  the  )jacilhts 
irf  pultacosis.  though  the  action  on  these  organisms  is  usually  much 
vMkerthao  on  the  typhoid  Iwicillua.  From  another  aspect  the  specificity 
of  the  reaction  can  be  tiiken  to  he  so  marked  that  clumping  by  an  immune 
ti^iitinin  can  gionerally  be  accepted  as  evidence  that  in  a  doubtful  cise 
&  innicular  stnun  of  a  bacterium  is  to  lie  grrjtiiwd  as  bt;loiijL;ing  to  tlie 
spKia*  which  gave  rise  to  the  agglutinin.  There  is,  however,  iis  l>r. 
Ainlty  Walker  (336)  has  ]M>irited  out,  a  specialisation  of  a  serum  for  the 
{■itieolar  strain  of  the  Ixicieriuni  producing  it,  in  thut  it  agglutinates 
thtt  strain  in  a  greater  dilution  than  other  stains  of  the  same  species. 

Agglutination  In  relation  to  Immunity. — We  now  pass  to  consider 
the  f|ueition  of  the  rolatiotiahip  of  agglutination  to  immunity,  hs, 
ainsidy  pointed  out,  the  agglutinative  and  bactericidal  properties  of 
inouiba  veruni  wei-e  at  first  supjXMied  to  l>e  aspects  of  the  action  of  one 
nbrtAQoe.  In  tlie  course  of  work  on  the  agglutinating  properties  of  the 
errum  of  typhoid  patientis  it  was,  however,  observed  that  the  bactericidal 
piufitrties  of  the  serum  were  frequently  not  proportional  to  the  agglutinu- 
tiuiL  A  flcnim  might  bo  strongly  bactericidal  and  weakly  agglutinative, 
LMtl  vice  versa.  Similar  facts  were  observed  in  other  diseiises.  Direct 
tperiiuetit  supported  the  view  that  agglutination  and  bactericidal  action 
tniniiil's  serum  were  due  to  different  subsUinces.  Gengou  (134), 
with  dogs  immunised  against  anthrax,  found  that  an  animal  with 
A  icnim  of  great  agglutinating  power  might  not  l>o  so  resistant  to  itifection 
I*  une  with  a  weakly  agglutinating  scrun».  Further,  Brieger  and  Mayor 
(j^)  found  that  rabbits  treated  with  an  exti'act  of  t^'phoid  bivcilli  might 
ibit  n  strongly  agglutinative  senini,  which,  however,  hud  no  higher 
sricidal  properties  than  normal  senmi.  Further  investigation  has 
itvuw  that  the  action  of  an  agglutinating  serum  is  ditlerent  from 
that  of  a  serum  in  which  immune  Ixxly  and  complement  ati^  present. 
^Making  generally,  we  may  say  that  while  the  devclopmctkt  of  agglutinat- 
ing power  in  the  blood  of  an  animal  is  due  to  a  reaction  set  up  by  the 
absorption  of  Ijacleria  by  the  atiimars  Ixxiy,  that  reliction  is,  though  here 
we  speak  with  great  caution,  possibly  diflcront  from  the  reaction,  also 
aused  by  the  presence  uf  Ijacteria,  which  results  in  the  fonuation  of 
such  a  substancit  as  immune  JKxIy, 

The  Nature  of  the  Agg^Iutlnatlon  Process. — If  we  now  pnjceed  to 
iiHptiro  what  the  nature  of  rhe  agglutination  process  is,  wo  find  there  arc 
ft  number  of  fact*  which,  while  not  furnishing  a  complete  explanation  of 
the  pbuuumemi,  yet  throw  liglit  on  their  nature. 

Tht  Aihjhit\fy\Uf  Snih^tau^i:-  aiul  the  .1  fjijUitinins. — -  Xicollo  was  one 
erf  the  tirst  to  investigate  this  subject ;  he  killed  cultures  of  the  B.  eoli 
by  heat,  left  (he  bodies  of  the  l>acteria  to  macerate  in  the  culture 
merliiim,  and  then  pasritMl  the  fluid  through  a  Chambcrland  filter.  On 
wjding   to  this  fluid  (which  contained  only  the  juices  of  the  bacteria) 


a  little  of  a  sorum  capable  of  agglutinating  the  B.  roll,  ho  obudutxl  i* 
gi'imutar  precipiUUe,  microst'opiailly  lestuibling  cluuii>s  of  nj.'^lutitiate<{ 
biwilli.  Thi*  icfiction  was  siHscific  iMX'ause  it  wa«  not  pnMJuot'd  in 
similar  filwroil  extracts  of  other  species  of  bacilli.  If  powdered  talc 
were  present  in  the  mixture  of  bacterial  extmcL  and  i^erum  the  particl'-s 
were  agglonieratud  like  iNietoria,  and  if  typhoid  bacilli  were  treated  with 
the  Ji.  foli  extract  they  iKicamc  aygluiiiiable  by  a  H.  foli  serum.  Thf 
bacterial  extract  was  fairly  i-esistant  to  heat,  withstanding  heating 
to  HO^  C.  without  alteration.  (KisctdK;i*g  and  Volk  Onind  thai,  iht* 
agglutiimblc  material  began  to  bo  atlected  at  65*^  C,  but  did  not  entirely 
lose  its  power  at  ITCC)  If  old  bacteria  were  rei)eatedly  washed  with 
distilled  water  they  were  apt  to  lose  their  capacity  for  ugglutiiuttion. 
Nicolle  found  similar  facta  to  be  tnie  of  the  reactions  of  other  luictcria 
with  their  eorrcs|K>nding  agglutiruiting  serums.  He  concluded  that 
agglutination  consisted  of  a  coagulation  or  coalescence?  of  the  outer 
layers  of  a  microbe  under  the  influence  of  the  agglutinating  senim.  His 
results,  at  any  iitte,  pointe<l  to  the  eonelufiion  tliat  the  ajiecilic  element 
of  the  eoriim  could  not  in  all  circnmstances  act  on  bacteria,  but  ibat 
there  was  something  in  the  Kicterial  cell  on  which  the  specific  action 
took  oflect.  This  opinion  hmi  lieen  generally  accepted,  and  this  some- 
thing is  usually  referred  to  as  the  agglutinable  substance. 

Nicolle'a  work  h^is  been  extended  by  Joos  0*^^').  "bo  has  udciuced 
ovidence  for  bolioving  that  thcrL'  are  two  agglutinable  substniiceB  in  th« 
bodies  of  typhoid  bacilli, — difTcring  in  their  sensitiveness  to  hoat^  One 
has  itH  sensitiveness  to  agglutinin  action  atrect4'd  by  the  tnmperature  of 
G0°  62^  C, — this  Joos  calls  a-aggluiinogen, — while  the  other^^-agglu- 
tinogen — will  withstand  this  temperature  without  change  for  saveral 
hours.  He  aUo  comes  to  the  conclusion  that  in  an  agglutinating  ^enim 
there  are  two  sorts  of  agglutinins :  first,  what  he  calls  a-agglutinin, 
which  i-esists  beating  to  GO^-G^"  C.  and  has  a  more  special  allinity  for 
the  a-agglutinogen ;  second,  /i  agglutinin,  which  has  a  siieeial  atiinity  for 
^agglutinogen,  but  also  combines  with  a-agglntinogen.  Eisenbcrg  and 
Volk  also  investigated  the  pro{»ertie«  of  the  agglutinable  substance  and 
of  the  agglutinins.  They  have  bnmght  forward  ex])erimenls  to  support 
the  opinion  that  if  to  typhoid  emulsions  of  constant  strength  there  be 
silded  senmi  solutioii'^  of  incrc;«ing  strengths,  while  there  is  an  increase  in 
the  absolute  amount  of  serum  absorlMid,  there  is  a  decrease  in  the  amount 
of  agglutinin  absorbed  relatively  to  the  amount  originally  present.  On 
the  tttfiis  of  this  olwervation  Arrhenins  (8)  believes  that  the  union  of 
agglutinating  substance  and  agglutinin  is  reversible,  and  thus  corre- 
fl|Mjnds  to  what  he  and  Madsen  hold  <>ccurs  in  the  case  of  the  union  of 
toxiiL  and  antit^)xiti.  Eiseitberg  and  Volk  also  hold  that  the  phenomena 
of  diminished  agglutinability  in  heated  biicilli  are  due  to  the  complexity 
of  their  agglutinophore  aftinities,  there  being  in  these  affinities  a  thermo- 
stable group  which  fixes  the  agglutinin,  and  a  more  thermolabile  group, 
changes  in  which  resnlt  in  the  bacilli  tending  to  agglutinate.  Eisenlx-rg 
itnd  Volk  have  further  brought  forward   facts  which  they  interpret  as 


ibcwinji  nmlogiea  with  Khrlich's  general  views  regarding  the  conscituents 

of  iniiniiiin  HerumA.      Thus,  they  ihinU  that  bacteria  can  fix  much  more 

i.:!ii"iniu  than  is  acttiatly  rLujuireU  for  agghitination,  just  ;is  we  have 

1,  KiouR   in   the   ri'lutionship  of   a  hiemoIyUc   immune   body   Ui  it* 

tufj/asclfta.      A^ain.  they  h(>l<l  that  by  htatiug  ag^hitiiiins  a  weakening 

t>f  the  essential   nggUitijiating  group   takes   pkco,  wliilo  the  group  by 

irfifirh  the  ngghitinin  is  attached  to  the  bacilli  mny  be  unaffected.     They 

tiiiu  assign  to  the  ajjglulinins  a  conslitntiun  analogous  to  that  of  the 

uyxins.    and    they   would    call    the   weakenud   agglutinins   agglutinoids. 

riiey  iilso   believe  that  some  of    ihe>H.'   ugglutinnids  may  forr(.'j*[M>rid  to 

Kbrlich'a  pi^oioxoide,  ua,  though  by  heating  the  agglutinating  gioup  may 

he   iTrakoncii,    on    the    other    hand,    the    combining    group    may    be 

ilrtngthciied.     AVhile,    generally  spejiking,  the  work  of  Eisenberg   and 

Volk  K'tids  to  bring  the  agglutinina  into  Unti  with  the  other  antibodies 

mrtsstigated  by  the  Kbrlich  school,  it  is  right  to  mention  that  many  of 

thmn  nwulte  have  been  strongly  criticised  by  l»rcyer  and  .lex-HIako  {H'J}. 

Thufi.  in  relation  to  the  htalcmcnt  that  heating  the  bacilli  dhninidhes  the 

«en:»itivone3s  of  the  agi.'Intinophore  group,  the  latter  observers  point  out 

that  the  dimintitinn  of  agglutinahiUty  by  heat  is  not  unifoiui, — Rome- 

times  in  an  agar  i-ultin-t*  prolonged  hcitting  restores  the  agglutinability. 

WhAt  u  more  tm|K)rtant.  Ixtcteria  derived  from  *.gar  culturuR  are  much 

ro  sensitive  in  this  respi'ct  than  those  grown  in  bouillon.      They  think 

partial  uxplanacion  may  be  found   in  the  fact  that  when  agar  cultures 

of  B.   roii  (the  organism   witli  which    they  chiefly  work«l)  are  used, 

«n)»tance!i   are    formal   wbicli    reduce    the  veitx-ily  of    the  reaction   oi 

Bgg;liitination.     Similarly,  in  regard  to  the  observations  which  Eiaenberg 

ami  Volk  jidduce  as  pronng  the  existence  of  the  agglutinoids,  Dreyer 

unl  tTcX'BIake  shew  that  the  phenomena  vary  according  aa  bouillon  rii- 

j^r   cultures  are  employed,  and  they  arc  of  opinion   that,  though   no 

»bt<nliitt'   explanation   of   the   phenomena  can  at  present  l>e  given,   the 

»p]>e;ir.iticeR  can  \w  partly  explaint"*!  by  the  occurrence  of  a  cotL-iidcrable 

reUrdatioii  of  the  velocity  of  the  reaction  prorlucing  agglutination. 

Tb«  i*eeults  of  Giscnl>erg  and  Volk,  and  the  deductions  made 
therefrom  by  Arrhcnius,  have  alao  been  criticised  by  Craw  (75),  who 
i^wivX  thjifc  the  formuU  given  by  the  latter  observer  does  not  apply  to 
the  entire  range  of  agglutinin  solutions.  As  in  the  toxin-antitoxin 
experimenti*  of  v.  Dungurn,  he  findft  that  by  wlding  a  Iwicierial  susjxinBion 
to  an  agglutinating  serum  in  parts,  more  agglutinin  is  removed  than 
the  whole  suspension  i«  :uld(*d  at  once,  nmX  he  eonchidea  that  hero 
in  the  reaction  the  phenomena  of  adsor|>tion  of  subBtancos  in  the 
•>ifUl  condition  are  present.  In  relation  to  the  part  which  the 
coUaiihil  state  may  play  in  immunity  reactions  the  jMisaibility  must  be 
bomn  in  mind  that  the  apparent  amboceptor  phenomenon,  the  agglutina- 
Uon- phenomenon,  and  the  precipitin-phetioraenon  {nde  p.  158)  may 
not  \fx  reality  he  due  to  the  apjKsarance  of  ditTen^nt  substances  in  the 
•enim  of  an  immune  animal,  but  to  dilferent  properties  being  possessed 
farjr  A  single  substance. 
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From  the  very  brief  statemont  of  reanlu  thua  given  an  idea  can; 
fonned  of  the  complexity  of  the  issues  at  present  under  considenition,^ 

The  Efftd  of  Salts  on  Agglutiiuiiion. — A  vury  iniporUint  ohwirviition 
been  made  to  the  effect  that  the  agglutination  of  bacteria  is  closely  related 
to  the  saline  content  of  the  solution  in  which  the  reaction  is  taking 
place.  Bordot  (37)  shewed  that  if  the  salts  were  removed  from 
agglutinated  bacteria  by  washing  with  distilled  water  and  oentrifugation, 
and  the  deposit  then  ghaken  up  in  distilled  water,  the  chunps  were 
re-solved,  while  if  the  deposit  wer«  treateii  with  sodium  chloride  solution 
the  clumps  were  reformed.  Joos  {H9)  has  investigated  the  subject 
furthei',  and  has  shewn  that  tyi>hoid  liacilli  washed  with  distilled  water, 
or  bacillary  emulsions  from  which  the  salts  have  been  separated  by 
dialysis,  will  not  midergo  agglutination  when  brought  into  contact  with 
siilt-free  agglutinin. 

From  wliat  has  been  said  it  will  thus  bo  seen  that  three  olomenta  are 
concerned  in  agglutination  :  tirst,  a  sensitive  substance  in  the  bacterium 
(agglutiuable  substance,  agglutinogen);  secondly,  au  active  substance  in 
a  serum  (agglutinin) ;  aud  thirdly,  a  suitable  saline  content  in  the 
mixture.  The  various  hyiiotheses  advanced  to  account  for  the  actual 
mechanism  of  the  reaction  have  been  renewed  by  Joos  (149).  The 
chief  arc  those  of  Gryber,  Paltauf,  and  Bordet  Gniber  l>eUeve«  that 
the  iKiCt-eria  <iovelop  .1  \nscosity,  which  is  probably  brought  ubout  liy  the 
agglutinin  causing  certain  substances  in  the  outer  parta  of  the  bacterial 
protopliism  to  become  insoluble.  This  ciLuses  a  roughness  of  the 
bacterial  suj-face  by  which  the  bacteria  adhera  to  one  aiiotlior.  Paltauf 
considers  that  agglutination  of  bacteria  is  due  to  their  suspension  in  a 
precipitate  formed  by  the  interaction  of  the  agglutinin  on  certain 
substances  loosely  held  in  the  biictcriid  protoplasm.  This  ^iew  is  based 
on  the  obser\'ation  already  referred  to,  that  when  the  filtrate  nf  an 
agglutitia)>1b  cidture  is  heated  with  the  appropriate  agt;tutinin  a  pre- 
cipitate occurs.  Bordet  looks  upon  agglutination  as  a  simple  physical 
phenomenon  in  which  the  bacteria  are  quit«  passive.  According  to  thiA 
opinion,  the  action  of  the  agglutinin  on  the  bacterium  in  the  presence  of 
salt  alters  the  molecular  rehitionshijis  of  the  bucteriu  to  the  surrounding 
fluid  and  causes  agglutination.  Fnmi  what  is  known  retpirding  the 
effects  of  alterations  in  surface  -  tensions  of  p;irticles  placed  in  Huids,  it 
must  1k)  said  that  the  probabilities  are  in  favour  of  Bordet's  opinion. 
In  this  connexion  we  would  refer  to  the  extremely  important  work  of 
Dr.  Kamsden  on  the  behaviour  of  solids  in  the  surface  layers  of 
solutions  iind  suspensions,  the  further  applications  of  which  will  pro1>ably 
be  foiuid  to  throw  light  on  the  mechanism  of  bacteria)  agglutination. 
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At  the  bcgiiming  of  the  section  on  immunity  it  was  pointed  out  tl 
It   was   customary   to  cU&sify   the    phenomeiui  obeen'ed    into   those   of 
natural  and  of  ac<]uired  immunity.     As  the  tatter  have  been  considered 


jil  Ifligtfal  ve  must  now  turn  to  the  fornivr.      Wa  iiulv  al  once  state  thul 
u  iorcAtigation  procucds  it  bocomcs  more  and  more  doubtful  whotbcr  it 
if  juitiftftble  to  mairiuiiii  h  dUtinction  betwueii  thu  two  foims.     This  is 
;lu;  imtcome  of  the  reAlituition  that  the  Hpiiarcnt  diOcrenccs  which  have 
krtlwrto  formed  the  Iwwis  for  the  diatinctiori  are  probuV>ly  rather  differ- 
com  of  degree  tbun  of  kind.     Tb<it  in<lividual  diU'erences  iu  siiKccpti- 
yHity  to  infectious  disfUAc  uxiai  there  cjiii  be  no  doubt,  ue  is  proved  in 
j-rartioally  every  case  where  in  a  series  of  aiiiraals  each  is  inoculatod 
«('h  !hc  same  dose  of  an  infective  agent.     Differences  also  exist  in  the 
.ii-j>|.tibility  of  races.     Tbiu  a  brown  rat  may  be  more  susceptible  to  an 
iir<;rion  than  a  white.     In  man  much  was  formerly  made  of  such  racial 
iirt-^n-nces  ;   thus  the  Jewioh  jwople  were  supposed   to  shew  iususoepti- 
)>ilii}  tn  tuberctdosis,  the  white  niccs  to  pLtguc,  and  many  negro  iiices 
('•  >v]iliilifl ;  but  all  thoM  examples  have  been  shewn  merely  to  depend 
fffTences  in  the  degree  of  susceptihiliiy.     When  we  consider  the 
■  from  the  Rtand|>oint  of  what  happens  under  conditions  of  what  is 
I  nuuiral  immunity,  this  Itecomes  most  apparent.     Thus  the  lower 
iii-iL-  appoa.r  insu.(tce]>tible  to  ehob'ru,  and  man  a[}[)cai's  not  to  sutler 
from  cattle  plagno ;  but  when  ex|>erinient  is  substituted  for  observation, 
tlu  reeults  are  ngain  not  so  convincitig.    Thus,  to  take  the  case  of  cholera, 
we  find  that  such  animals  as  the  guinea-pig  ami  rabbit  are  extremely 
SDsoeptible  to  the  causal  organism  when  it  is  introducc<l  inlraporitoneally, 
utd  vb«n  special  moth'jda  are  adoi)ted  the  yninea-pig  even  nuccunibs  to 
inbclion  liy  the  intestinal  traci.     The  :i]iplic;ition  of  the  experimenijd 
Mtbod  geaerally   has    rather  tended   to  demonstrate  the   relativity  of 
iVceptihilHy.      Thus,  it   has  been    shewn    that   sometimes   an    animal 
BOMplible  to  an  ordinary  dose  of  a  bactonum  will  succumb  when  an 
ttonoods   amount    be  administered  ;    sometimes  an    adult   animal   will 
*ppuTQtly  be  naturally  immune  while  a  young  indiviflual  will  snecnmb 
to  infection  ;    sometimes  an  apfULrent  natural   immunity  cun   be  brokeik 
'I'^un  if  the  meUiboUsm  of  the  animal  l>e  upset,  for  example,  phloriihin 
{>cii*oti)ng   in    the  dog  renders   that  animal   cajtable  of   succumbing   {aj 
unhnx.     There  are,  however^  a  few  cases  where  there  seems  to  be  a 
^^itanl  immunity,  which  appears,  so  far  as  observation  has  gone,  to  be 
HMolate.      Thus   Metchnikotf  {237,   p.   342)  inst^wiees  the  vtuns  of  the 
Morpion,    into   which    a   very  large    amount  of    tetanus   tftxin   can    be 
i/ijerted   without    pn>iucing  any   pathologic^tl   effect,   and   without   any 
endeiice  of  antitoxin  npjM-aring  in  its  scnim.     It  is  thus  [xtssible  that 
toxixto,  and  possibly  also  some  bacteri:i,  may  be  simply  inert  matter  so 
hr  as  the  bodily  cells  are  concerned,  but  it  is  prolmble  that  ven.*  many  of 
the  cast's  of  suppaied  natural  immunity  are  merely  examples  of  a  very 
high  degree  of  resistance,     tyo  far  as  the  controversies  that  have  raged 
mmid   tite  exptannticm  of  the  phenomena  have  gone,   the  fiuestions  at 
and  the  lines  taken  in  the  ntlerapts  at  their  elucidation,  have  been 
)  those  concerned    in   the   explanation   of    the   recovery   of   a 
e  animal  from  a  diBcaso,  an<l  in  the  development  of  imnnmity 
ia  such  an  aoimoL     The  chief  points  at  issue  have  been  the  relative 


158 


SYSTKAf  OF  MEDICINE 


parts  played  by  phagocytic  action  ou  the  one  band,  and  by  ihs 
bactericidal  action  of  the  sonim  on  the  other.  As  the  inve»tigiitjnn  rtf 
thene  Hpecial  cases  of  high  natural  resi.stance  has  not  thromi  any  fresh 
light  oil  tho  general  problems  of  inimunity,  it  is  unnecessary  to  re- 
capitulate what  we  have  already  said.  Those  interesiefl  in  the  matter 
may  refer  to  the  work  of  Motthnikotf  (237)  and  of  Uahti  (141)l 


The  Phenomenon  of  Pukcipitin-Foumation, 

Among  the  numerous  reactions  which  work  on  immunity  has  brought 
to  lights  we  must  class  that  which  originates  when  tlie  serum  of  one 
animal  species  is  peiiodically  injicted,  say  intrapcritoneally,  into  an  in- 
dividual of  another  species.  If,  after  a  series  of  injections,  the  serum  of 
the  hitter  is  ai^Ided  l()  a  8;i.mple  of  serum  from  the  first  species  a  precipitate 
occurs.  The  preci|>itiitirig  senim  is  ciillcd  a  precipitin,  and  the  precipi- 
tate which  can  be  produced  by  it  is  denominated  a  precipitum.  The 
fundanient;il  phenomena  were  early  notice<l  by  Bordet  (37)  in  the  cou»e 
of  his  work  on  hiemolysis,  in  which  whole  blood,  i.€.  containing  loth 
corpuscles  and  serum,  w:ts  used  for  injections.  Dr.  Nutiall  (261)  hai» 
puiilishcd  a  work  containing  a  critical  rrnew  of  all  that  is  kncurn  on  the 
subject,  and  also  many  ori^dnal  observations  by  himself.  AVe  can  honi 
merely  outline  the  more  imjwrtant  conclusions  recordetl  by  him,  jind  must- 
refer  tho  reader  to  the  work  itself  for  details. 

The  reactions  of  precipitin  bive  the  general  characters  of  those  which 
we  have  already  studied.  The  general  coui*3e  of  tho  immunisation  pro- 
cess seems  to  resemble  what  occurs  in  other  immunisations.  Dr.  Nuttall 
has  obtained  ini[K>rtarit  results  with  regard  fr>  ilie  Rj>ecirteity  of  the  crtect 
of  a  sennn  in  relation  to  the  serum  by  which  it  was  produced.  The 
general  conclusion  is  to  the  effect  that  an  absolute  specificity  doee  not 
exist,  but  that  by  carefully  regulating  the  experimental  conditions  a  great 
degree  of  relative  speeiHeity  cjin  l)e  estJihlished.  A  concentrated  solution 
of  a  serum  may  be  precipitated  by  a  non  homologous  serum,  i.e.  a  serum 
other  than  that  produced  by  the  bbuHj-serum  in  questiMii ;  but,  generally 
speaking,  the  wwiker  the  dilution  in  which  a  serum  will  be  precipitated 
by  another  serum,  the  more  likely  is  it  that  the  latter  is  the  serum  homo- 
logous to  llie  blood.  Bloods  precipitated  in  slightly  more  powerful  solu- 
tions will  pwibably  belong  to  animals  of  species  closely  related  to  that 
fr»m  which  tho  causal  scrum  was  derived.  Tlie  strength  of  the  an ti  scrum 
sohuion  and  the  time  in  which  thu  reiution  ap]>ears  also  constitute  im- 
(jortant  factoi*^.  Tho  more  powerful  a  serum  the  greater  the  number  of 
1>1o(h1s  with  which  a  reaction  ap[»cars.  With  regiwd  to  tht*  relations  of 
the  precipitin  in  its  efl'ects  there  is  no  dotd>t  thnt  n  quantitative  relation- 
ship exists  between  the  precipitin  and  the  amount  of  precipitum  formed ; 
hut  hero  there  is  an  important  point  to  be  noted,  that  the  prt*cipitum 
may  be  soluble  in  excess  of  precipitin.  Precipitins  ha^'o  their  nclivity 
affected  by  heat,  and  evidence  has  been  brought  forwartl  to  shew  that 
different  groups  in  tho  precipitin  molecule  are  concerned  in  fixine:  it  to 


tb»  nolwnlee  to  be  precipitated,  and  in  actually  ciuising  the  precipitation 

of  die  Utter.     Thuii^b  ^omu  uviduiice  hii&  Iwun  uddiiced  to  shew  that  in 

lie'  precipitation  process  two  mibstances,  eorrfspuadiiig  to  the.  iiiunuiie 

buiv  and  coniplcmuiit  of  a  lutjiuolytic  ii«nim,  .ue  (.•oncerned,  lator  Murk 

ktt  iuied  to  conhrm   thi»  opiinon.       Precipitin  wc^iketied  iiy   heat  luis 

lneo  called  prccipitoid,  and  it  has  hocn  snpposerl  tlmt,  as  in  other  CA»e», 

t  vttkoning  of   the    toxophorous    yroup    may    be   associated  with  the 

dneiopmunt  of  an  incrcabed  combining  force  in  the  hapt^jpliorons  ^oup. 

As  ibe   evidence    here,  however,  proceeds   along   similar  lines   to  that 

Uduoed  by  Eisonlwrg  and  Volk  in  favour  of  tlie  exietenoe  of  pioa^ghi- 

diMHiis,  it  will  be  well  to  maintain  the  open   mind  with  reg;ird  tn  thfite 

jiro-prwipitinoids  which  is  advisable  with  regard  to  the  pro-aj;ghuinoids. 

The  iruu  precipitin  appearH  to  be  bonnd  rather  intimately  with  the 

j;iobaUn  moiety  of  the  crude  serum  containing  it ;  but  here,  its  with  other 

' tT^iinces  of  the  same  kind,  it  is  doubtful  whetlier  a  mere  association 

i  Mt  chemical  union  exists.     The  precipitum  is,  in  Kuiiable  strengths 

rcjicling  snlistances,  formed  instantly,  and  fdnks  to  tlte  bottom  of 

ml  from  which  it  is  precipitated.      It  is  soluble  in  dilute  acids  and 

itiMjtublu  lu  water,  and  in  Baid  to  nmrufciii  the  ordinary  reactionH 

'imins.     It  lias  been  shewn  that  anti  precipitins  can  be  proiluccd. 

With  rvgnrd  to  the  function  which  the  capacity  of  forniiny  precipitins 

nwci«s  in  the  body,  this  has  prf»bably  a  relationshij)  to  the  fact  that 

Ml  iiitiiiial  in   ;issimilabing   its  food  hai>   to  d&il  with  forei«:n  albumins. 

Dr,  Notudl  sjiys     "Fresmnably  they  (the  precipitirm)  serve  to  protect 

tile  Wvly  apiiiist  the  iiijuiious  eflects  of  corrus|>ondin^  foreign  ulbuminti, 

tni  taotv  probably  ...  to  neutmlise  the  specifically  foreijn*  character  of 

tin  Albtunin  introduced,  tliereby  making  it  forthwith  assimilable.     This 

nur  explain   the  pbysinlogical  signiticance  of   the  phenomenon,  and,  I 

raiglit  add,  is  in  substantial  agreement  witli  Khrlich's  theory  as  to  the 

hmctiouii  of  the  anti  bo4iies  in  jyeneral.''     In   this  connexion  it  may  be 

nsurked  [hat  the  evidence  on  the  whole  is  rather  npiiiist  the  occurrence 

of  an  actual  precipitaition  of  albumin  when  a  precipitin  meet*  a  prucipit- 

ible  albumin  within  an  animal's  borly.     At  any  nite,  when  in  tlic  later 

(tages  of  the  production  of  a  precipitating  semui  the  causjd  serum  is 

EDJ«ct«d,  preoipitAtion  in  nro  does  not  «jcciir. 

The  poasibiliteti  of  the  apph'cation  of  facts  regariiing  precipitins  to 
co-Iegid  work  are,  of  course,  evident.  The  methods  of  delecting  the 
tuiiroi'  »if  the  blo^nl  in  bhMxl-staiiis,  or  of  determining  from  what,  animal 
a  parlicubir  specimen  of  meat  has  been  derived,  are  still  largely  in  the 
dX|ieriTnental  stage,  but  it  is  quite  probable  that  their  reliability  in  rela- 
tion to  the  objoctfi  iu  view  may  be  sub^tjuitiaied.  It  may  be  said  in  this 
cotmexion  thai  Neisser  and  Sachs  (252n)  have  studied  Moreschi's  discovery 
uf  the  deviaiiun  of  complement  by  a  precipitin  from  the  medico-legal 
K<uid  point. 

Cytolytic  and  Cytotoxic  Serums.  ^Bacteria  and  red  blood-corpuscles 
iK  not  the  otdy  groups  of  cells  of  which  itidividual  examples,  when  inti'o- 
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dnced  into  a  heterologous  animal  body,  stimulate  the  productiou  of  lytic 
serums.  Other  foivigri  cells  will  act  in  like  manner.  This  has  Iweu  shown 
for  spermatozoa  by  l^Jinilsteinor  (176),  Meuilnikotr  (225),  and  Alctclinikoff 
(235).  Thus  Meiftlnikoff  injected  periodicaUy  spermatozoa  from  the 
guinea-pig  into  the  rabbit,  and  found  that  the  serum  of  the  latter  immo- 
bilisud  guinea  pig's  spei-raatozoa  in  a  few  minutes.  If  heated  at  56  C. 
it  lost  this  power,  but  such  heated  serum  could  b©  reactivated  by  fresh 
guinea-pig  serum.  To  thi.s  apermotoxic  serum  an  anti8i>ermotoxin  can  l>e 
obUiined,  which,  according  to  MetohnJkolV  and  his  pupils,  consists  parily 
of  an  an ti complement  and  partly  of  an  anti  immune  body.  This  antag- 
onising body  can  bo  formed  even  if  the  toxin  be  injecterl  into  a  castrated 
animal ;  and  Metchnikoff  has  insisted  that  this  observation  militates 
against  the  general  hypotheses  of  Ehrlich  on  antitoxin  formation,  the  view 
beitig  that  the  juitisjiermotoxin  could  only  be  formed  by  the  sjituration 
of  .side-chains  in  the  spermatic  cells  and  the  over-production  of  these  sidu- 
chains.  It  is  evident  that  thiii  criticism  is  met  by  Ehrlich's  allegation 
that  in  the  ease  of  many  toxins,  c.aj.  in  tetnnus  in  the  rabbit,  other  cells 
in  the  body  contain  sidochaius  identical  with  those  of  the  most  sensitive 
cells,  and  that  wherever  toxin  is  fixed  tliere  antitoxins  win  be  formed. 

Many  other  cells,  when  injected  into  the  body  of  an  juumal  of  another 
fipecies,  have  been  shewn  to  stimulate  the  production  of  serums  toxic  to 
cell«  of  their  own  kind.  Thus,  leucocytes  have  been  experimented  with  by 
Metchnikofl*(231),  Funk  {129),  and  Bosredka  (29).  In  these  researches 
spleen,  Iwncmarrow,  and  mesenteric  glands  have  been  injected  into 
guinea-jjigs  and  rabbits,  and  aerums  have  been  obtained  which  bad  the 
power  of  dissolving  white  blood-corpuscles  both  inlra  viUwi  and  in  nlrtt. 
When  injected  into  tin*  living  animal  they  give  rise  to  toxic  symptoms 
due  to  the  destruction  of  cells  which  takes  place.  The  occurrence  of  this 
destruction  can  be  watched  by  withdrawing  samples  from  the  peritoneal 
cavity  of  the  alfecterl  animal  from  tinie  to  lime.  These  serums,  accorrling 
to  Bcsrodka,  are  more  susceptible  to  heat  than  ordinary  hemolytic  scrums, 
and  entirely  lose  their  action  at  o.T  C  Acconling  to  this  ol)server  also, 
if  snmll,  non  -  fatiil  doses  be  administered,  an  increase  of  the  number 
of  leucocytes  can  be  observed,  and  ho  thinks  that  thus  a  stimulation 
of  the  blood  -  forming  mechanism  wcurs.  Thin  observation  is  of 
great  inif>orUince,  for  in  dealing  with  toxins  we  pointed  out  that 
van  de  V«Ide  hiis  brought  forward  evidence  of  the  pyogenetic 
staphylococci  producing  a  leucocyte-destroying  ]ioison.  This  toxin  may 
tlius  in  suLill  doses  play  a  pfirt  in  the  leucocytosis  which  occurs  in 
staphylococcus  infections.  The  further  investigation  of  the  <|uesiion  may 
thus  throw  light  on  the  leucocytic  actinty  so  common  in  infection. 
Besrodka  also  observed  that  the  leucocytosis  produced  by  his  leucotoxin 
was  accompanied  by  tlie  development  of  an  anti-lencotoxin.  It  is  said  that 
a  serum  produced  by  the  injection  of  spleen -emulsion  has  a  solvent  action 
on  the  mononuclear  and  also  on  the  pol\'morphonuclear  leucocytes,  while 
a  serum  pro<luce<l  by  the  injection  of  the  Iwino-marrow  has  a  special  action 
on  the  latter  only.     These  results  have  not  been  confirmed  by  Flexner 
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(I?2),  who  found  that  while  injections  of  splenotoxin  tmd  lymphotoxin 
(urigifliuil  hy  injecting  emulsionH  of  lymph-glanda)  affected  the  ti^suca 
praducing  them^  ami  hoJ  little  cH'tci  on  tlie  marrow,  a  niVHlotuxin  atTecU'd 
notonlx  tlie  marrow  but  alao  the  spleen  ami  lymphatic  glands.     Flexner 
ipio  inwie  the  ini[}ortant  observation  that  injections  of  the  cytotoxins 
[foductMl  germiuative  cli&ngcs  in  the  susceptible  organs.     Especially  was 
llui  true  of  myelotoxin,  the  injection  of  which  was  followed  by  a  very 
proiiouiictHl  increa.He  of  tlie  leucocyteH  and  of  the  leucocyte-producing  cells 
nf  the  marrow.     The  imjMirtanco  of  such   ol^servalioiw   is   very  great. 
Mjiiv  other  cytotoxic  serums  have  been  produced  ;  thiis  Delezi-nne  has 
"J'Uinwl  senUDS  cytotoxic  to  liver-celU.     These  seruni-s  cause  changes  in 
■Uf.  iirer  analogous  to  those  of  phospbonia  poisoning.     By  injecting  pre- 
i-:'nji$  of  gastric  mucous  merabrnne,  Dr.  Bolton  ^31)  has  produced  a  gas- 
in  which  will  cHU)je  death,  with  jwtchesof  necrosis  and  luemorrlmge 
lODjach  wall  loading  to  ulcemiion.      Cytotoxins  have  also  been  jn-o- 
-  againat  nerve-cells,  pancrc-atic  cells,  suprarenal  cells,  the  syncytial 
oeilB  of  the  placental  (aiusing,  it  id  said,   when   injected,   uyniiitoms  of 
iwerpenl  eclampsia),  and  thyroid  cells.     The  general   facts  observed   in 
&ti  ascs  are   more  or  less  similar.     In   most  cases  there   is  evidence 
d  the  action  of   an    iuinuine   l»o<ly  luul    complenieiit.      In   nifwt  caaes 
Umk  is  a    want   of   speciticiiy   in   the   aeiioo    of   the   serums.      Tlius, 
V.  Dungem  shewed  that  a  serum  fonutyl  by  the  irijeclion  of  the  ciliated 
cdliof  the  ox's  tracheal  membrane  not  only  paralysed  such  celU,  but  had 
ifcsnuilytic  action.     Similar  facts  have  l)een  observefl  in  gastrotoxiint  by 
fr.  Bolton.     In  this  connexion  a   very  significant  obsenation  h:is  l>eon 
Dudt  by  E>emoor  and  van  hint  (82),  to  the  etf'ect  that  in  certain  doses 
^;i         '.       lid  sennn  did  not  produce  necroRis  of  the  gland  but  evidence 
<  .      I  functions.      It  is  manifest  that  the  investigation  of  these  eyto- 

il|Uc  ««rumfl  opens  up  many  moat  important  (piestiona,  which,  however, 
bpe  to  do  aa  much  with  the  physiology  of  various  orgiins  as  witli  their 
pribology. 

Antj- ferments.  —  Wc  have  already  alluded  to  the  researches  of 
Lh  l244t,  in  which  it  wai*  shewn  that  a  yerum  could  Ik*  olitwinc*! 
le  of  protecting  milk  against  the  action  of  rennet.  Oliservaliona  of 
1  iimiW  kin«l  have  been  made  with  other  ferments.  Thus  Achalme 
(?)  (uia  obtained  an  anUtryptic  st.>rum,  Sachs  (2118)  an  anli]>e{isin,  and 
Bofdet  and  Gengou  (42)  an  antitibrin  ferment.  In  the  lust  case  the 
tnipnrtJtnt  ohaer^atiopj  was  made  that  the  anti-lM>Iy  was  specific  for  the 
fibrin  feiTucnt  of  the  atiimal  siK'cies  by  whose  serum  its  origin  was 
Anti-l>odies  to  cerUiin  other  fennents,  such  us  steapsin.  have 
m'ed.  In  thi>4  connexion  ])erha[M  one  of  the  niOHt  signiH- 
caol  facts  is  that  the  bodily  cells  in  certain  circumsbinces  appear  to 
hatr  the  power  of  neutralising  ferments  protluced  by  <>tber  cells.  Thus 
Lriiitd«teiner  (177;  and  man}'  others  have  shewn  that  extracts  made  from 
nrtain  tiMUea  have  apjwrently  the  power  of  neutralising  tryptic  ferment. 
It   u   evident  ihat   the  formation  of  anti  fernifuts  constitutes   a    very 


aigiiificaiit  plienomciion.  \l»  existence  is  so  far  a.  jiistification  for  the 
view  ihal  hactoHiil  toxins  junJ  ordinar  y  fennont&,  -iiich  oa  those  concernnl 
in  iligestion,  miglit  be  classoiJ  to^'elher  in  the  same  group  ul  sub^Unces; 
it  hiiA  already  been  pointetl  out  how  many  [wiiits  they  |w*sess  in  rommou, 
and  it  must  he  Euliuittcd  that  this  identity  of  reaction  which  ifsults  iu 
both  cases  in  the  proctuction  of  tiutagonistic  seruiuB  is,  perhaps,  tbe  uicst 
striking  of  all  their  common  chariicteri»tic&.  It  l»  \tn>hih\e  thut  thli 
fresh  knowledge  regarding  ferments  may  open  up  new  lines  of  inquiry  a* 
to  their  nature. 


Ehrhch'h  views  on  the  Receptor  JIkchanislJI  of  Cvus 

Wliether  the  properties  of  serum  sep{irated  from  blood  out^de  tbo 
body  do  or  do  not  rt^preaoni  tbe  ]n'opcnics  of  the  plasma  of  the  circulat- 
ing blood,  there  can  lie  little  doubt  that  the  suitstancefi  pre^nt  in  the 
serum  mu.ft  represent  the  means  by  which  protoplasm  acts  in  (he  Iwifly. 
Whether  tliis  action  in  living  conditions  take^  place  within  or  without 
the  bodily  cells  in  not  of  .such  great  iniport^ince.  It  is  as  a  contribution 
to  the  Atudy  of  protoplasmic  processes  that  the  work  of  Elirlioh  possesses 
its  highest  value. 

In  any  general  consideration  of  his  results  Ehrlioh  (102,  101)  biia 
jilways  placed  this  in  the  foregrounrl.  His  opinion  is  that  all  tho 
properties  of  the  serum  which  have  been  otwen'ed  in  the  course  of  the 
investigation  of  immunisation-processes  are  seen  in  their  true  light  when 
viewed  as  resulting  from  particular  manifestations  of  tho  ordinary  normal 
activities  of  protoplasm  It  will  be  well  for  ua  now  to  lo<»k  briefly  at 
what  Ehrlich's  views  of  these  noimal  activities  are.  Even  in  his  earliest 
work  {9^}),  which  bore  on  this  subject,  he  conceived  that  iu  Hung  proto* 
plasm  a  centre  nf  special  structure  controlled  tho  specific  and  fjocidiar 
capacities  of  the  cell,  and  to  this  centre  were  attracted  atoms  and  atom- 
complexes,  not  directly  concerned  in  tho  maintenance  of  life,  but  ba\*in;; 
a  subordinate  position  as  being  concerned  with  the  activities  of  the  cell. 
The  eomi)artaon  by  Khrlich  of  these  subordinate  molecules  to  the  side- 
chains  often  occuiring  in  complex  organic  molecules  of  known  con- 
stitution is.  we  have  always  thought,  regrettable,  as  it  has  tended  to 
alienate  the  symimthies  of  tlie  organic  chemist,  who  attaches  to  the 
phr;iJ*e  a  very  detinilo  moaning.  Elirlicb  certiiinly  used  the  expression 
metaphorically,  and  it  is  only  in  this  sense  that  its  continued  conventional 
use  is  justifiable.  Ehrlich's  opinions  are  mninly  develope<l  from  the  stand 
point  of  considering  how  tbesu  side-chains  are  concerned  in  the  pi'ovision 
nf  food  for  the  use  of  the  cell,  though  it  is  plain  thiit  they  might  be 
ext«iule<l  to  include  the  activities  of  the  cell  in  providing  substances 
necessary  for  the  use  of  other  cclU.  In  a  complex  animal  organism  the 
food  supply  of  tho  cell  is  brought  to  it  in  a  state  more  or  less  suitaltle 
for  assimilation,  and  the  tjuestion  arises  of  how  that  food  material 
actually  bceumes  part  of  the  protoplasmic  stnicturc  Ehrlieh  points  out 
that  many  modern  pharmacologists  do  not  look  on  narcotics,  antipyretics, 
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Mtwptits,  AiiJ  30  forth,  ;us  t^nuring  into  a  true  chemical  i-oniliinatinii  with 
llir  bodily  cetU.  Such  aubetances  merely  exist  in  a  sort  of  solution,  or  are 
itfltl  ii'ttfr  the  manner  uf  weak  saline  conibitrntion-s.  They  are  not.  truly 
lUQDuUtcd  AA  a  pait  of  tho  proioplaamic  complex,  like  the  carbohydrate 
aoutjr,  which  by  the  action  of  boiling  aciit  can  be  split  off  from  albumin- 
m*  mulecnlw.  It  must,  however,  lie  statetl  that  on  nccoant  of  iho 
dificulticji  prejientcd  in  the  investigation  of  the  subject  great  caution 
oust  be  sheim  in  accepting  such  an  opinion. 

U  IB  only  t'uod  material,  Khriich  holds,  which  ciin  be  combined  in 
fin&  mtiheaiA  in  the  cellular  protoploam.  According  to  bis  view  the 
mwhanisra  by  which  such  w  true  assimilation  is  accomplished  is  revealed 
lij  iiii  inve*tig:*t.ionj*  on  immunity,  Tlie  cause  of  this  is,  that  the  foreign 
Duttimi:)  u.W  in  inimuiiisntion-pi*occr)$os  are  in  all  prolfability  closely 
iltitl  ill  luiture  ui  the  oi-dinary  foo<l  maleriaU  of  colls.  On  a  }>rwri 
'■■•  this  must  be  iookerl  on  as  highly  probable,  for  if  we  think  of  the 
~.  •'[  the  earlier  foims  of  life,  especially  in  relation  to  the  develop- 
aeni  in  tiio  primitive  animal  organiisra  of  the  dependence  for  food  on 
iJi:  nttterial  alreaily  elal)orated  from  the  inorganic,  we  must  re^diso 
X  the  composition  of  the  food  of  such  forms  must  have  closely 
lilttl  the  conipo-tition  of  the  feeding  cell,  if  at  that  period  in 
qtion  las  MetclinikolT  (23fi)  has  shewn  exists  in  the  ca.se  of  the 
UDwA^  lit  the  preficnt  day),  among  tlio  closely  similar  foreign  cells  in- 
2wi«l.  some  could  react  on  the  ingesting  organism  and  kill  it,  then 
»t  may  ^Tant  the  extreme  proliability  of  Khrlich's  [K>sition,  that  tho 
*?duni«m  at  work  in  the  taking  up  of  injurious  foreign  material  is  the 
^ii&f  Aa  that  in  action  in  the  assimilation  of  food.  This  mechanii^m  in- 
■"•Irw  the  fixation  nf  the  fofnl  materiul.  Here  wo  have  first  to  think  of 
M  maieml  alreiidy  tit  for  a^isimilation  comini^  in  contact  with  the 
MiU.  For  its  fixation  the  side-chain  of  the  cell  has  merely  to  anchor  it; 
» HBiplQ  haptophorous  group  will  fix  the  foodmoiecnle.  Such  a  gi'oup 
firiicb  calls  n  r/.cfpfor  of  the  tint  order — it  is  a  receptor  such  as  in  an 
MOES'aition  fixes  a  simple  toxin-mi>lecule.  Such  receptors,  Mfien  over- 
f^timemted  in  immunisation  and  cast  otl',  form  nntitoxin.  Next  we  have 
k  of  food-moleotiles  coming  to  the  cell  which  re»inire  further 
-  ,-..i:i0D  before  Assintilation  is  possible.  Ehrlich  liere  conceives  two 
biiJtie*,  Wed  on  what  is  deduced  from  immunisation -processes. 
M  thcise  is  that  n  side^hnin  exists  fatuiched  to  the  cell  in  a 
luwlt'tined)  in  which  there  is  a  haptojihurous  group  CH)Kd4e  of 
og  the  lood-molocule^  and  anotiior  group  capable  of  having  a  digestive 
ko.  This  form  is  tie^ignated  a  rfr''ylor  uf  ih*'  X'vml  ohI<j\  and 
■  <iip|M]i^c<)  to  be  represented, — detached  from  the  cell, —  when 
utinins  and  precipitins  apiiear  during  immunisation  in  the  serum. 
«  cose  of  the  former  group  of  bwlies  the  fact  that  they  are  capable 
Wfuuiug  attached  to  such  a  dotinit«  mass  as  a  bacillus^  and  nf  ai  ting 
tioLt  mass  without  the  intervention  of  any  second  suljstance  in  thfi 
um,  i»  looked  on  as  evi<lencc  that  where  they  constituted  a  si<ie- 
in  living  protoplasm  they  pcssesscd  similar  capacities.     But  when 
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food  must  not  only  be  fixed  iti  a  cell,  hut  further  acted  0!i  before  ft^imiW- 
tioii  is  possible,  another  alternative  is  possible.  The  side-chain  (again 
attached  to  the  celU  in  an  undefined  way)  may  have  two  haptophoroufi 
at!initi»8.  one  of  whicfi  fixes  the  food-jiarlicle,  while  the  second  Kxns 
another  molecule  having  the  capacity  of  iligestiit;^'  the  food  -  pnrticlcL 
These  receptors  are  rece]4</rs  of  the  third  mdfr,  and  are  repi-esent^d  free  in 
an  immune  serum  contJiini%'  an  immune  biMly  which  requires  a  comple- 
ment for  a  lytic  action  to  occur.  From  the  facts  which  have  been 
related  hearin;;  on  tlie  multiplicity  of  tl»e  subslance-s  which  can  be 
attached  to  <.'t'ltnlar  prniuplasm^  it  is  evident  that  in  many  cells  a  great 
variety  of  tath  kind  of  receptors  must  exist,  a  eonecptiou  whicli  is  further 
borne  out  by  the  complexity  and  sjwcificity  of  the  anta^^onising  Itodiei 
that  can  be  produced ;  thus  red  blood-cells,  as  Ehrlich  points  out,  can 
fix  such  difi'crent  8ul:)stances  as  the  vegetable  toxins  riciu,  abrin,  phallin, 
the  bactci'ial  secretions  exemplified  in  telanolysin  and  stiiphylolysin,  the 
snake  poisons,  and  the  immtme  lx)dies  of  lytic  serums.  Yet  while  there  U 
often  great  specificity  of  the  receptor  for  a  particular  substance,  as  is 
exemplified  by  the  specificity  of  an  antitoxin-molecule  for  its  toxin,  there 
need  not  be  the  exclusive  jmssession  of  one  particular  receptor  by  one 
particular  type  of  cell.  It  will  be  remembered  that  in  the  ^linea-jiig 
the  minimal  lethal  do^e  of  tetanus  U)xin,  when  injected  inimcerebndly, 
was  nearly  the  same  a*  when  injected  subcutaneously,  while  in  the  rahhit 
a  much  larger  dose  could  be  tolerated  subcutiineously  than  conld  lx» 
borne  intnicerebrally  ;  this  fact  was  hclil  t<j  shew  that,  in  the  rabbil* 
receptors  capable  of  fixing  tetanus  to.vin  existed  in  organs  other  thui 
the  central  nervous  s^istem,  while  in  the  guinea-pif;  the  toxin  t.'ould  ouly 
be  fixed  in  the  nerve-tifr*»ue.  The  presence  of  iilentical  recoptore  in 
different  cells  is  what  we  shoidd  expect  if  these  side-chains  are  sub- 
servient to  ordinary  assimilatioft»  otherwise  the  preparation  of  the  food 
material  before  it  reached  the  sites  of  its*  actujil  consumption  would 
require  to  be  much  more  elaborate. 

It  is  eWdent  that  such  views  on  the  normal  activities  of  protopUsm 
are  of  a  highly  speculative  cbiracter,  though  at  the  same  time  the  fiuida- 
mental  facts  regarding  immunisjition,  on  which  they  rest,  become  more 
anrl  more  firmly  established  the  further  that  investigation  pi-oceeds. 
Many  interesting  points  arise  in  connexion  with  occurrences  which 
probably  have  no  direct  bearing  on  immunisation -processes.  For 
instance,  what  is  the  significance  of  the  -u>i$cfir>thirj>fr  and  of  the 
agglutinins,  which,  as  we  have  seen,  arc  often  found  in  the  serum  of 
nurnLil  animals.  Are  these  subservient  to  cellular  nutrition,  and  why  do 
they  .Mi)[)ear  free  in  the  serum  ? 

There  is  another  aspect  of  the  question  which  ought  not  to  Iw  left  out 
of  account.  Whenever  protoplasm  dies  it  becomes  the  prey  to  bacteria. 
The  absence  of  such  bacterial  activity  in  living  protoplasm  may  not  be 
due  to  a  mere  absence  of  proper  pnbuhim  for  bacterial  nutrition.  It  may 
in  reality  follow  on  a  killing  of  Ixicteriii,  or  on  a  neutndisation  of  Ijacterial 
action  constantly   gtiing   un   in   the    lintig    body.      The  phenomena  of 


ncortry  from  d^ease  and  of  artiiicuLl  inmiunisatioti  nuiy  be  only  special 
europles  of  a  process  constantly  fil  work. 

Finally,  there  is  a  pheiiOTii«noii  which   in   this  connexion   must   be 

i(cmint«tl  for,   namely,  what   Ehrlich  (100)  calls  the  h<m'or  autotf/jirnit. 

If  cells,  «.t/.  red    blood -corpusclea,  withdrawn   from  an  animal   are   re- 

utroiiuced  into  it*  own  Ixwly,   the  niechanisra  which  would  come   into 

-  operation  if  the  cells  belonged  to  another  animal  species,  and  even 

'.  another  individual  of  tlie  stime  species,  is  usually  held  in  abeyance. 

'^iljin  one  case  did  Ehrlich,  working  with  an  animal's  own  red  cells, 

'tain   evidence   of   the    development   of    what   he  calls    an    autolysin, 

lUirtly.  a  serum  capa)>le  i«  riiw  of  ha-molysing  the  unimaCa  own  cor- 

tusflea.     A  capacity  for  the  ready  development  f>f  such  ttibHtanccs  mi^ht, 

1  w  plain,  \)C  fraught  with  serious  consc4Uencc5,  and  the  uhsence  of  such 

npftcity  constitutes  an  interestini;  problem,     lliat  the  o]>ix»rtuiiity  for 

inch  xutolyiiin  development  muKt  fruquently  occur  i»  evident  from  the 

fiict  that  cells  are  constantly  being  destroyed  in  the  body,  a  good  example 

being  the  destruction  of  red  blood -corpuscles  by  the  en<lothelial  cells  of 

tb  qileen.     Kither  there  must  l>e  such  »n  individuality  in  the  rooeplorH 

of  the    indindual    that    fixation    of    cells   does    not    take    place,    and 

titi«  over-regeneration  cannot  occnr,  or  there  nuwt  1«  some  mechanism 

vtuch  rvpiUites  the  action  of  an  autolysin.     From  the  fact  that,  as  wo 

fc»»e  just  said,  h'sis  of  one  cell  in  another  occurs,  the  latter  altoniative 

ytmeau  tlie  greater  degree  of   proljjibility.     This  is  further  shewn  by 

Metalnikoff's  obser^'ation   (225)  that  although  the  intraperitoneal  injec- 

tKMi  of  an  animal's  own  spermatozoa  produced  a  sperraotoxic  serum,  the 

nanistocoa  in  its  testicle  were  unaiTected.     Regarding  tlic   nature  of 

it  rvgtUating  mechanism  we  cannot  speak  definitely.     Thei*e  might  be 

t^e  development  of   an   anti- autolysin,   though    no   endence   has   been 

olitained  of  the  existence  of  such  substances.     The  regulation  mij^ht  be 

line  to  the  occurrence  of  :ui  auto-anticomplement,  whicli  re^*»trained  the 

the  autolysin  by  preventing  its  being  complementc<l.     In  one 

r  experimental  conditions  Khrlich  found  evidence  for  the  cxist- 

tacf)  of  such   liwlies,  but  it  if*  douVitfiil  whether  they  arc  formed  under 

nfimui)   wHiditioiis  in  the  boily,  antl  on  the  whole  the  problem  nuist  at 

present  be  held  to  l)e  unsolve<l. 

The  Receptor  Mechanism  in  relation  to  cerutin  Problems  of  Infec- 
Clon.  —  Khrlich !»  view  regarding  the  relation  of  cell  receptors,  iixt^d 
freie.  with  hi»piophorous  gronps  in  foreign  nrg-inic  material,  raises 
in  point*  rcgariling  the  mechanism  of  immunity  which  ciui  only 
new  b*  discuwcri.  The  first  of  these  that  we  will  consirlor  is  this: 
for  granted  that  immunity  depends  on  the  development  of 
es  in  the  serum  of  an  animal,  and  not  on  the  phagocj'tic  actiWty 
an  assumption  we  have  very  grave  reasons  for  doubting — how 
on  Ehrlich  H  receptor  hypothesis  the  serimi  can  ever  come  to  have 
frve  receptors  in  it.  If  the  foreign  red  cells  are  placed  in  an  animal's 
peritoneiim,  their  being  tjtken  up  by  phagocytes  is  not  an  essential  condi- 
tion to  the  development  of  immune  l>ody  in  the  serum, — bow  comes  that 


immuDe  body  into  the  serum  1  It  U  dilHcult  to  see  how  this  maj  occn^ 
unless  the  mere  conUct  of  a  red  cell  ^vitll  a  cell  containing  n  siiiuble  r0 
ceptor  causes  this  receptor  to  become  detached  from  the  cell.  This,  how 
ever,  is  possilile,  for  Proft^ssor  Muir  (251  j  has  shewn  that  if  fresli  red  ceils  W 
brought  in  mere  physical  contact  with  cells  to  "vrhich  an  excels  of  immune 
body  is  attache<l.the  latter  give  up  some  of  the  immune  bcxly  to  the  recepton 
of  the  fresh  cells.  Another  pos.sibility  is  that  all  amimceptoi's  rieveloped  in 
immune  senuns  are  really  represented  by  very  minute  amounts  of  zvmthm- 
harper  occuning  normally  in  the  serum.  It  has  been  shewn  that  when  n 
JSwiacherUttirprr  specific  to  certain  red  cells  exists  naturally  in  a  serum,  aiuj 
an  immiuie  l>ody  is  developed  in  the  same  serum  liy  the  injection  of  thoM 
coll-s,  then  the  ambocept^jr  of  the  immune  Ijody  may  not  be  the  sanu 
amboceptor  as  that  naturally  present  in  the  serum.  But  evidence  hiu 
never,  so  far  as  we  know,  been  sought  for  in  the  existence  of  very  mimiti 
amounts  of  twischmkotpt^r  in  seruma ;  if  these  occurred,  the  developueni 
of  large  amounts  by  the  injection  of  susceptible  cells  might  Ije  explained 
The  injection  of  the  cells  would  deprive  the  sernm  of  its  natnml  contoni 
of  tlie  particular  amljoceptor,  a  stfC])  gradient  woidd  be  fonned  betweet 
the  eeUs  producing  the  amboceptor  and  their  surroimdings,  and  mon 
amboceptors  would  (kiss  out.  That  such  an  idea  is  not  fanciftU  is  Indi 
cated  by  the  work  of  Friedberger  (128),  %vho  has  shewn  that  whei 
during  a  h:emolytic  immuni^Ltiou  an  animal  is  repeateiliy  bled  to  i 
moderate  extent,  the  content  nf  the  serum  in  immune  botliea  is  verj 
much  greater  than  in  a  control  animal  subjected  to  identical  conditioiu 
of  immunisation,  except  that  the  bleeding  has  been  omitted.  It  is  thin 
possible  to  conceive  an  explanation  of  the  development  of  immune  serumi 
without  at  an)'  rate  a  preliminary  pluigocytic  action. 

A  second  point  here  has  to  do  with  the  great  complexity  for  which  th* 
existence  of  a  receptor  mechanism  m.iy  be  responsible,  when  a  reactioi 
between  bacterial  cells  and  the  cells  of  the  invaded  lnxly  lakes  place 
l>v.  Ainley  Walker  (337)  luis  slicwn  reason  foi-  sup|>osing  that  the  typboic 
bacillus,  when  grown  in  its  own  immune  serum,  shews  au  increase  it 
virulence  towards  g\iinea-pigs,  as  proved  by  its  killing  an  animal  with  t 
smaller  dose  than  formerly.  This  he  explains  by  supposing  that  in  tht 
presence  of  immune  body  a  process  takes  place  in  the  bacterium  precisely 
analogouii  to  what  occurs  in  a  susceptible  animal  cell  diu'ing  immuni!sation 
The  bacterial  side-chains  are  saturated  ^ith  the  amboceptor  of  the  serum 
and  this  sfituration  leads  to  the  habit  of  over-production,  so  that  thi 
bacterium  in  the  course  of  a  few  generations  comes  to  posseHs  greatei 
affinity  for  bacterial  cells,  and  thus  greater  vintlence.  To  this  latuu 
aspect  of  Dr.  Walker's  contentions  we  shall  revert  presently,  but  it  ii 
plain  that  the  |K>ssibility  of  a  Imcterium  becoming  immunised  to  iti 
own  serum  opens  up  a  wide  field  of  speeulatiun.  Prof.  Welch  (35ft] 
hau  put  forward  the  idea  that  certain  bacterial  anti.lK»dies  are  cajiablc 
not  only  of  neuirali'sing  the  immune  body  of  the  host  but,  wilt 
the  aid  of  complements,  of  also  poisoning  the  cells  of  the  host.  The 
production  of  these  anti-bodies  may  be  stimulated  by 
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d»e  hoit  of  material  not  neccsaarily  toxic  to  the  hacteriA,  a£  the  immtm*.' 
bodie»  iudireclly   are.      All   that   is  necessary   is   that   the   stimulating 
n)Muice6  tLboutd  have  molecular  groiipH  capiible  of  cumbining  with  the 
IwtvrMl  fAccptora,  and  that  these  receptors  when  over-repr^uctid   in 
tb«  lact«riiim  should  Ite  complemented  in  the  hody  of  the  host.     Tht* 
(KMlnhiy  of  Hiit'h  occurrences  has  been  Hiigge8t«»d  ti>  Prof.  \\  elch  largely 
bj  tfcc  rtrjtulLfi  of   Floxner  and   Noguchi    (I2.*t),   in   their  work   on   the 
bJeiDOlytic  action  of  snake  venoms.     'I'hese  olMervors  have  shewn  that  if 
tjwhwl  corpuscles  l»e  subjected   to  the  action  of  venom  no  hrt^molysis 
tat>e«  place,  but  tbiit  ht^molysis  occurs  if  the  &cnim  from  which  the 
orrimsclefi  have  been  sei«irate(l  he  now  added.     In  other  worils,  an  umbo- 
teptur  in   nnakc  venom    links  up  n  receptor  in  the  red  bloo<l-coi-]>nscle 
rith  a  complemcntarj'  body  in  the  serum   surroimding  it.     In  no  case 
lave  they  obtainwl  evidence  of  the  exiKUJiice  of  a  complement  in  the 
rmom   itself.      In  ceilain  cases  they  suspecte^l  that  the  complementary 
^y  WM  contained  within  the  corpuscle  it?elf,  and  the  existence  of  such 
tfi  taciocomplement  lian  since  )>e6n  provefl  by  Kyes  for  cobra  poison. 
Tbere  is  thus  some  ground  for  a  search   Iwing  instituted  for  the  occur- 
rence of  bimilar  phi-nomenii  in  infection  and  also  in  other  fomis  of  disease. 
'Flic   third   point  to  consider  here  is  th«  possible  bearing  of  a  retrepior 
mfchanism  nn  a  hvpothesis  of  the  virulence  of  iKicteria.      PfeifTer  and 
(27y)   shewed   that  a  given   amount   of   typhoid   immune  serum 
lysis  m  rtro  of  a  very  much  larger  number  of  non-virulent  than  of 
t  bacilli,  and  Pfoirt'er  (275)  has  brought  forward  evidence  of  a 
stiuilir  kind  regarding  cholera,     (ienerally  syM-aking,  the  evidence  points 
to  vinil*ince  in  a  Fiactcriiim  being  associated  with  the  iK>sses&ion  by  it  of 
a  great  numlwr  of  rucf ptors  callable  of  fixing  immune  bixly.     Thus,  in 
infection  a  coni|)aRitively  small   number  of  Imct-eriH  might  n.>4e  up  all  the 
rciiatiiig  matoHid  capable  of  acting  on   them,  and   the  way   wonld   l>e 
opened  up  for  free  multiplication.    Again,  Dr.  AValker(337),  in  connexion 
♦itb  the  immunisation  uf  Imct^jria  to  immune  serums,  has  applied  Khrlich'a 
byi»otbc»is   to  the  explanation   of  such   facts,  csi)Ocially  in   relation   to 
«  possible  ex]>lanation  of  chemiotaxis.     His  view  is  essentially  a  broad 
jpfdication  of   the   fact  that  certain   cases   have   been   olwenxMl   where, 
vorkiDg  with  a  simple  saline  solution,  it  has  been  found   that  a  weak 
•oJtilioD  will  attract  a  living  organism  which  a  strong  one  will  repel     If 
liien  an  atKnily  may  be  supposed  to  exist  between  receptors  in  Itodily 
mJIs  and  receptors  in  bacterinl  cells,  and  if  there  be  an  excess  of  receptors 
ID  iho  eell  over  those  in  the  Ijucterium,  the  excess  may  l>e  a  determining 
betijr  in  the  exhibition  of  a  positive  chemiotaxis.     Thr  Iwictorium  will  be 
taken  up  by  the  cell  and  will  then,  oei  thr  Metchnikofl'  hypothesis,  meet 
toeiplemcnt  and  1«  dissolved.     If,  on  the  other  hand,  the  receptors  of 
ibe  Iweteriiim  be  in  excess,  a  negative  chemiotAxis  will  be  originat<'d, 
aqd   the   organism  will   be  free   to  multiply.      Its   virulence   will   thus 
d  ou   its  receptors  l>eing  in  excess.     Such  a  view  wntdd  explnin 
development    of    immunity   through    inci'easeil    phagocytosis  ;    the 
biter  ^otJld  depend  on  the  increase  in  the  numlier  of  cellular  receptors 
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present.      The    bypotbesis    is   veiy  suggesth'e,   and   desen'es   {urth^^ 
attention. 

A  final  point  here  is  that  the  receptor  hypothesis  of  immunity  woalcJ 
ex]»lain   how  a  Ijacteriura  can  give  rise  to  immunity  independently  of  tb^ 
poison    il   may   conUiin.      \Vc   have  seen   the  difficulties   that   exist   in 
connexion  with  immunity  against  living  bacteria  not  conferring  immimity 
against  the  intnicellular  tuxius.      U  is  evident  that  the  receptors  causing 
immunity  need  not  rutccsaarily  have  any  relationship  to  such  toxins. 

"  Ultramicroscopic  "  Infective  Agents 

By  ultnimicrosoopic  infective  agents  arc  only  meant  infective  agenu 
which  are  invisihlc  to  the  highest  powers  of  the  microscope  at  present 
av;tilal»le.  In  the  ^.aaes  of  several  diseases  facts  have  Iwcn  observed 
which  jipparuntly  can  only  l>e  understood  on  the  snpjMisition  that  such 
niituite  living  things  exist ;  great  caution  is,  however,  necessary  in 
accejjting  this  interpretation.  The  evidence  chiefly  rests  on  ex|>eri- 
ments  in  which  a  \irus  haf;  been  found  to  pass  through  an  earthen- 
ware filter  capable  of  keeping  back  ordinary  f)acteria :  such  filters  vary 
in  the  fineness  of  their  pores,  the  finest  botnu  the  Kitasato  and  the 
ChanilHTland  "B"  patterns,  the  Chaniberland  "F"  ])attern  being  not  eo 
fine.  ThiiH  in  pleuropnennmnia  in  cfittlo,  Nocard  (2.'j7)  fmuid  that  if  the 
pleural  etfuflion  were  mixed  wHth  water  and  pissed  through  a  I'hambec^ 
land  F  it  whs  still  infective,  but  if  jKissed  through  a  B  filter  or  one  of 
Kila»jito  imltorn  it  lost  its  infective  |K>wer.  The  case  of  this  disease  forms 
a  link  with  diseases  whose  origin  is  definitely  bjict«rial,  for  in  the  exudate 
Nocjird  observed  minute  refractive  particles  which  coulil  be  just  seen 
with  a  Miagnificatii^n  of  'J500  diameters.  Tartakowski and  r^scliunkowski 
{^'11)  have  contimied  Nocarxl's  oWrvations,  und  have  found  with  a 
magnification  of  1000  diameters  what  they  cunaider  to  be  groups  of  these 
refractive  bodies.  They  also  obtained  cultures  of  the  same  by  enclosing 
cidtnre  media  in  collodion  capsules,  ami  placing  these  for  two  or  three 
weeks  in  the  peritoneal  cawty  of  the  rabbit.  Propagation  through  about 
six  generations  was  thus  obtained. 

L<iefiler  and  Frosch  (18G)  made  similar  observations  on  foot-and- 
mouth  disease.  They  found  that  lymph  from  the  vesicles  which  form  in 
the  month  of  the  diseased  animal,  still  remained  infective  after  passing 
through  a  Beikefeld  filter.  The  efficacy  of  the  filter  wiis  controlled  by 
its  Iwing  found  com{ietent  t/i  bold  hack  a  very  small  bacillus  used  as  a 
test.  Uorc  the  microscope  tailed  to  reveal  any  particulate  bodies  in  the 
filtrate.  Loertler  (IH."!),  howe%*er,  found  that,  if  the  infective  lymith  were 
passed  thiMugh  a  Kit;Lsat^»  filter,  it  lost  its  infective  ix)wer.  It  was 
further  found  that  a  definite  degree  of  immunity  could  l>e  established 
against  tlie  disease  by  inoculating  animals  with  an  infective  lymph  which 
had  been  allowed  to  stand  for  several  weeks  in  contact  with  the  serum  of 
an  animal  that  had  successfully  passed  through  an  infection  with  the 
disease  ;  curative  serums  have  also  been  elaborated.     In  South  Afrioui 
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rickneas  Sir  J.  M'Fadyean  (192)  found  that  the  diluted  blood  of  an 
lofflcled  boree  could  \m*aa  thruugh  a  Cbambtirtaiid  F  aiirl  rt^tain  iu  inftic- 
tirt  cJiMmdcr,  Further,  if  a  horse  were  inoculated  with  the  liltrate  and 
dereloftMl  the  disease,  its  blood,  if  filtered,  was  again  infective.  The 
tAeiency  of  the  filters  has  been  controlled  in  the  same  way  as  that 
pneCiMd  by  Loeffler  and  Froeoh.  All  tht-se  observations  point  to  the 
oiitencct  of  a  group  of  oxcessivtty  minute  centres  of  aotinty  capable  of 
progrvBi'ive  increa.«te.  It  mij^ht  Ix*  luged  that  the  observntions  could  be 
upUined  by  a  toxin  action,  but  this  is  unlikely.  \\  e  do  not  know  of 
any  toxin  which  can  increase  in  amount  in  a  medium  apart  from  the  vital 
flftiviiy  of  cells  producing  it,  and  such  an  increase  appears  to  have  occurtwi 
^—.0^  i5ir  J.  M'Fadyean's  experiments  when  a  second  horse  was  infected  from 
Vnbe  filtered  blooti  of  the  tirst.  Every  known  toxin  prodtues  per  unit  of 
r  rolumr  a  definite  toxic  effect — less  will  ]iroduec  less  clVecl  and  more  wi)l 
I  produce  more.  We  know  of  no  t/)xin  which  vn\\  act  like  sulphuric  acid 
I  on  alcohol,  where  ether  is  produced  as  long  as  any  alcohol  rt;mains.  We 
'  thus  must  conclude  either  that  the  oV^servations  on  thc^e  diseases  are 
c(XpIaine<t  by  the  existence  of  idtramicroscopic  forms  of  life,  or  tliat  an 
action  i«  present  to  which  no  p;iral1el  exists  among  the  phenomena 
uf  infections  regarding  which  more  is  known.  The  observation  by  Nocard 
I  are  probably  vttry  Hniall  )acteria,  is  in  favour  of  the  former 
live.  From  the  human  standpoint  the  observations  are  intere.'^ting 
connexion  with  yellow  fever,  the  virus  of^which  prolxibly  passes  through 
eATthenwore  filter  without  losing  its  infective  jKjwer  (see  i\eed  (286)). 


IXFECTION    BY    PROTOZOA 


L(n  our  discussion  of  infection  attention  has  been  confined  entirely  to 
litions  set  up  by  bacterial  activity.     The  work  of  recent  years  has, 
ever,  revealefl   the  inip<:)rtance  of  other  living  agents  in   prrjflucing 
diseoae  in  man  and  the  lower  animals.     The  most  familiar  example,  of 
eoarw,  is  found  in  malaria,  the  protozoan  origin  of  which  is  indubitjible, 
and  if,  as  is  likely,  it  l>e  estabiishwl  that  relapsing  fever,  slee]>ing  sicknesft, 
and  syphilis — to  mention  ordy  a  few  examples — have  a  similar  etiology, 
s  end<'nt  that  in  the  future  considerable  attention  must  l>e  [>aid  t^o  the 
erul  features  of  the  non-ltacteiial  infections.     The  question  naturally 
whether  it  is  possible  to  tmce  resemblances  between  the  patho* 
ic  effect*  of  the  bacteria  and  of  the   protozoa.     In  this  connexion  it 
ic  intrreating  to  conRidi*r  that  from  analogy  syphilis  has  always  in  modem 
times  Tieen  classtnl  with  infections  of  definite  bacterial  origin,  and  it  is 
very  suggestive  how  closely  some  of  its  lesions  resemble  those  in  chronic 
glanders.       In    the    cases   of    malaria   and    of   other    similar   infections 
nimilarities  are   more  difficult   to   trace.      In   nuilaria   itself  the   disease 
fffcrts  are  dominut»:d  by  the  destructive  pro<;esi*es  set  up  by  the  develoj*- 
m«*nt  of  the  paiusittis  within  the   red   blooii-cells.     The   an^'mia   which 
oitvr  repeated  attacks  manifests  itself,  though  a  most  important  factor, 
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must  after  all  be  looked  on  as  a  secondary  manifestation  of  the  disease. 
Of  much  more  importance  from  the  standpoint  of  the  general  pathology 
of  infection  is  the  fever,  of  which  there  is  as  yet  no  explanation,  and  the 
behaviour  of  the  reactive  cells  of  the  body.  With  regard  to  the  rise  of 
temperature,  this  in  a  simple  tertian  case  seems  to  coincide  with  the 
entrance  of  the  enhsematospores  into  the  blood-corpuscles,  but  whether  it 
is  due  to  a  toxic  process  or  to  a  metabolic  disturbance  cannot  be  decided. 
With  regard  to  the  cellular  reactions,  it  is  to  the  condition  of  the  blood 
that  naturally  we  first  look.  Here  Dr.  Stephens  and  Lieut.  Christophers 
(317)  have  shewn  that  during  the  apyrexia,  while  there  is  a  diminution 
of  the  total  number  of  leucocytes,  the  large  mononuclear  cells  shew  an 
increase  relatively  to  the  other  forms,  so  that  they  miay  outnumber  the 
polymorphonuclears ;  during  the  pyrexia  the  proportions  regain  the 
normal.  This  mononuclear  reaction  has  been  also  observed  by  other 
workers.  Its  significance  is  as  yet  obscure,  but  it  may  be  remarked  that 
it  is  accompanied  by  a  reaction  in  similar  cells,  especially  in  the  liver  and 
spleen.  There  is  some  difference  of  opinion  as  to  the  part  played  by 
phagocytosis  in  the  disease.  There  is  no  doubt  that  leucocytes  carrying 
pigment  are  constantly  observed  during  the  paroxysm.  Whether  or  not 
the  pigment  is  derived  from  the  actual  ingestion  of  parasites  or  red 
corpuscles  containing  parasites  is  doubtful.  L.  Barker  has  no  doubt 
that  the  parasites  are  taken  up  by  large  phagocytic  cells  in  the  spleen- 
pulp,  by  the  endothelial  cells  gf  the  splenic  pulp,  and  also  by  endothelial 
cells  in  the  capillaries  and  by  Kupffer's  cells  in  the  liver.  With  reference 
to  the  taking  up  of  pigment  by  leucocytes,  Barker  found  that,  sjicaking 
generally,  it  is  the  jwlymorphonuclear  cells  in  which  this  is  observable, 
while  the  taking  up  of  the  i>arasites  is  rather  characteristic  of  mono- 
nuclear cells  in  the  situations  stated.  As  Barker's  results  were  obtained 
before  the  precise  relationships  of  the  different  life  stages  in  the  {>arasite 
to  one  another  were  thoroughly  worked  out,  it  is  dithcult  to  appreciate 
their  precise  significance  from  the  standpoint  of  phagocytasis  being  a 
possible  factor  in  the  struggle  of  the  bo<ly  ag-ainst  the  disease.  The 
subject  is  well  worthy  of  further  attention. 

If  we  turn  to  trypanosomiasis  in  man  we  agiiin  find  evidence  of 
disturbed  metabolism  resultini;  ni  fever  and  of  a  mononuclear  reaction  of 
a  special  type  in  the  blood  (>Ianson  and  Daniels  (:205»);  and  here  also 
there  is  evidence  of  a  proliferation  of  similar  cells  in  certain  parts  of  the 
body,  notably,  as  Drs.  Low  and  Mott  (188)  have  shewn,  in  the  peri- 
Viiscular  hTnph-spaces  of  the  vessels  of  the  cerebral  cortex.  The  evidence 
of  phagocytosis  is  here  more  difficult  to  adduce,  though  some  appciirances 
may  indicate  that  such  a  process  is  going  on. 

In  the  febrile  dise^ise  known  as  kala  azar,  with  whioh  in  all  proKi- 
bility  another  trypantksome.  as  doscril>eil  by  Col.  Leishman  an-i  .Major 
DonoA-an,  is  associated  in  causd  relationship.  phagooyt*ksis  has  l>een 
observed  by  Sir  P.  Manson  and  Dr.  Low  (JOC*  to  take  i>lace  in  the 
spleen.  In  relapsing  fever,  which  recent  research  inclines  to  place  among 
the  protozoan   diseases,   the  importaiu   i>art   i>laywl  bv  the  spleen   has 
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There  are  thus  in  several  proKizoan  infections  features  which  link 
their  fnthological  effects  to  those  of  bacterial  disease.     ICspcciall)  is  this 
tiie  cuo  with  regard  t<i  the   phagocytic  phenomerm  we  have  ohsoiTcd, 
Uwngh  we  are  still  far  from  l>eing  able  to  realise  tlie  significance  of  the 
flj^Doiiitfiia.     It  is  natuial,  in  the  light  of  u-hat  ue  have  seen  vrith  regard 
I'j  bacterial  disease,  that  wc  should  think  of  sucli  an  occurrence  in  its 
rirUiion  to  recovery  from  the  disease.    No  doubt  such  a  disease  as  malaria 
(afi  be  P«;overed  from,  but  we  have  no  definite  knowledge  as  to  the  con- 
oitioiis  which  determine  this  event.     It  is  natural  also  that  we  should 
tiiiak  of  the  reaction  of  phagocytic  cells  in  relation  to  the  poasibility  of 
iminunicy  l>eing  duveloped  against  such  disease,  but  hei'e  ngain  we  cannot 
dogmatise.     Koch  (IGl)  considers  that  an  immunity  can  l>o  developeil 
towards  malaria,  and  1hi8«9  this  opinion  on  obserA'ations  made  in  New 
(fuinej^  where  he  found  that  often  nearly  all  the  children  in  a  village 
isi^bt  possess  malarial  parasites  in  their  blood ;  the  mIuUs  did  not,  and 
(oald  go  to  a  malarial   region  without  conti^cting  the  disease.      This 
ousnnt  be  explained  by  supj>osing  tlmt  the  insu.scoptible  adults  were  the 
mrvirals  of   natundly   immune    individuals.      The   number  of   infected 
diildren  was  so  great  that  natural  immunity  couki  Ix'  sjiid  to  be  pi-acti- 
cxWy  absent,  and  Koch  is  of  opinion  that  an  artiticial  immunity  is  devel- 
oped.      Quite  independently  of  Koch,  Drs.  Stephens  and  Christophers 
(518)  in  West  Africa  had  noticed  tliat  fi-eipiently  nearly  all  the  children 
in  a  native  settlement  had  malarial  jtarasiu's  in  their  blood,  and  further, 
thai    the    parasites    M'ere   very    rare    in    children    over    twelve.       These 
olxiervers  speak  with  cjiution  as  to  tliie  being  evidence  of  the  Hcquinition 
of  immunity,  and,  with  regard  to  the-  question  of  immunity  in  general,  the 
same  attitude  is  taken  up  by  Sir  V.  Manson  (-04),  who  rather  dwells  on 
the  facts  of  the  differences  in  susceptibility  manifest  in  ditferent  races. 
There  is  no  doubt,  in  ccri^un  cases  of  Eiu*opeuns  at  least,  that  repeated 
attacks  of  the  dlsea-se  do  not  confer  on  an  individual  an  inGrt:ased  resist- 
ance, but  rather  the  reverse.     The  facts  observed  with  regarfl  to  native 
children  might  thus  be  accounted  for  by  supposing  that  they  possess  a 
high   degree  of   natund   resistance.     This  opinion   might  be   the  more 
acceptable  in  that  the  children  apparently  suiTered  no  inconvenience  from 
the  pretk3nGoof  the  parasites  in  their  Ixnlies.     We  must  thoruforo  adopt  an 
attitude*  of    res^^rve   towards   the   whole   (juestion   of   immunity   against 
mal&nA.     AVith  regard  to  other  protozoan  infections  we  have  jiractically 
no  information,     M'ith  reganl  to  the  Tnfjvinosow"  lirncii^  to  which  a  very 
great  susceptibility  is  manifested,  it  is  doubtful  if  any  immunity  can  be 
experimentally  produced 


IT.    BaCTKRIOLOGY   in    ReLATIOX   to   TllERAPEtrnCS 

Tha   progress  of  bacteriologT   has  furnished   facts   of  the   highest 
impMt&Dce  in  the  elaboration  of  hygienic  measures  for  the  prevention 
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of  epidemic  tJis&ise.  The  science  hna  also  placed  on  u  sound  hasi^  thi 
technique  which  is  the  essential  of  modern  surgery.  Facts  have  likei 
come  to  h'ght  of  grcAt  use  in  the  treatment  of  disease  when  it  ai' 
The  excision  of  the  anthrax  pustule,  the  systematic  washing  out  of  i\\i 
infected  puerperal  utenu,  and  even  the  opening  of  an  aljaoess,  are  all 
expresRions  of  the  principle  that  the  mechanical  removal  of  a  focus  of 
bacten;il  j^iowth  nmy  U?  the  hest  method  of  preventing  further  inroads 
by  the  microbes  concerned.  In  ihe  last  «ise,  however,  it  is  hy  no  means 
certain  that  we  understand  all  the  factors  underlying  the  good  resul^^ 
which  follow  on  the  adoption  of  one  of  the  most  ancient  of  siirgic^H 
operations.  Still  further,  we  do  not  understand  why  the  bathing  of  the 
lips  of  the  suryeoni*  incision  with  a  fluid  rich  in,  it  may  Ije,  Wrulent 
organisms,  is  not  more  often  followed  by  a  general  infection.  A  simihir 
incision  made  in  a  healthy  indiWdnal  and  similarly  treated  woi 
undoulitedly  often  be  followed  by  the  gravest  patholc^cal  ch&nj 
That  there  are  unknown  factoid  at  work  in  such  circumstances  is  indl 
cated  by  what  may  occur  in  the  ]>arallel  cise  of  ])Iague.  Here  it  has 
Ijeen  stated  to  lie  queKtionahle  whether  the  in.^ei  tion  of  a  hy|)odernuc 
syringe  into  a  suspected  bubo  for  diagnostic  purposes  is  justifiable.  The 
withdrawal  through  hc^ikhy  tissvies  of  a  needle  infected  with  plague 
bacilli  may  convert  a  localitjed  bubonic  case  of  the  disease  into  a  genei 
fatal  infection. 

Putting  aside  the  mechanical  removal  of  bacteria  from  a  site 
infection,  the  progress  of  bacteriology  ha»  brought  out  certain  methoiU 
by  which  bacterial  invasion  can  l>e  prevented,  or  the  results  of  such  an 
invasion  can  be  combated  after  it  has  occurred.  In  considering  these 
we  shall  largely  confine  attention  to  the  scientific  principles  which  may 
underlie  the  various  methods,  and  shall  leave  the  consideration  of  details 
to  the  articles  dealing  with  special  diseases.  We  shall  first  of  all  deal 
with  the  case  of  bacteriiU  into?dcation. 


Aniitojir  Serums 

Practically  all  the  serums  which  antagonise  bacterial  toxins  have 
used  therafwuticully.     Of  these  by  far  the  most  important  is  the  a 
diphtheritic  serum,  but  the  antitetanic  serum  has  also  been  employe<l. 

Antidiphtherltlc  and  Aniitetanlc  Serums. — The  methods  by  which 
antitoxic  >=eruui-*  are  priKliueil  have  already  iK'en  detailed.  From  the 
therapeutical  standpoint  the  important  condition  lo  be  obeer^'ed  is  the 
accurate  standardisation  of  the  senim.  This  is  necessary,  as  the  dosage 
must  be  reckoned  in  terms  of  the  immiuiity  unit  we  have  defined.  The 
actuiil  application  of  a  serum  tr&itment  to  an  intozicative  disease  must 
for  its  regiibition  dejiend  on  empirical  dut^'i.  We  cannot  have  the  least 
idea  of  the  amount  of  tr>xiii  absorberl  in  any  particular  case  of  diphtheriii. 
and  thus  every  caae  must  be  treated  ^ntb  the  amount  of  antitoxin  found 
to  give  the  best  effect  when  applied  in  a  large  series  of  cases,  ^h)  far  aa 
diphtheria  is  c<.incerne<l,  two  main  principles  arc  well  established.     In  th< 
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firvi  place,  the  earlier  in  the  diaease  the  treatment  is  lippHed  the  more 
likdy  is  it  to  Iw  beneficial ;  oecondly,  the  more  severe  the  cliniciil  typt*  of 
the  disease,  or  the  later  in  the  dis&ise  the  treatment  ia  l>egun,  the  greater 
ought  the  amount  of  antitoxin  employed  to  be.  Both  of  these  principles 
»rfc  pomUeled  in  what  is  known  from  actual  animal  experiments ;  we 
have  already  stated  that  the  longer  the  time  which  ©lapses  between  the 
iTijoction  of  a  fatal  dnse  of  toxin  and  the  injection  of  antitoxin  the 
greater  is  the  amount  of  antitoxin  ref)im*ed  to  save  the  animtd's  life.  It 
haf  been  shewn  for  diphtheria  by  Behring  that  in  cases  in  wlneh  treat- 
ment is  commenced  after  the  fourth  day  of  the  disease  the  proixirtion  of 
rrcnieries  is  praciiually  no  greater  than  in  untreated  cases.  In  a  case 
«usj>ected  on  clinical  grounds  to  bo  one  of  diphtheria  no  time  miist  there- 
fore be  wasted  in  waiting  for  a  diagnosis  by  the  cullivatiou  of  the  bacillus 
from  the  throat  Every  physician  ought  to  be  capable  of  undertaking 
the  jintple  microscopical  manipulations  which,  in  the  majority  of  cases 
r>t  diphtheria,  will  continn  suspinons  V.iased  on  clinical  oliservalions.  and 
nbeo  bacilli  resembling  diphtheria  Ijaeilli  are  detected  the  antitoxin 
QOght  to  be  administered  at  once  in  order  tlmt  its  fiUl  benejits  may 
t>e  available.  The  fall  of  the  moitulit}'  from  diphtheiia  since  the 
odopcion  of  the  antitoxin  method  of  treatment  is  fully  descrilied  in  the 
BTtiele  on  "  Diphtheria "  (Vol.  I.  p.  1027).  It  may  here  merely  l»e 
remarked,  that  the  brilliant  rrisults  obtained  are  largely  depen<lent  on 
the  fact  that  in  this  disease  the  causal  Iwcterium  originates  as  its  first 
fnUiogenetic  effect  a  local  reaction  which  leads  to  its  presetice  being 
suspected.  Thus,  antitoxin  can  be  introduced  into  the  tissues  of  the 
diieased  indindual  before  much  toxin  has  been  fonuL-d.  The  result  ia 
that  when  the  latter  is  absorbed  it  meets  antitoxin,  with  which  it  tends 
to  combine;  it  never  reaches  susceptihle  bodily  c*ells. 

In  the  treatment  of  natural  UUtnu^  by  mains  of  antitetarn'c  serum 
the  case  is  imfoilunately  difl'erent.  In  animal  experiments  the  efiioiency 
of  the  antitoxin  in  preventing  death  after  inoculation  with  Uie  bacillus 
n«0  groat  as  that  of  diphtheria  antitoxin  imder  similar  conditions  and  in 
Bttural  tliphtheria.  In  tetanus  in  nature,  however,  there  is  nothing 
spetnfic  in  the  local  i-eaction  to  indicate  that  infection  has  taken  ]>luce  ; 
and  the  disease  is  not  recognise*!  till  the  ?pa.sm-produring  etfects  of  the 
toxin  absorbed  have  begini  to  manifest  themselves.  By  this  timo  a  fatal 
doM  of  the  toxin  has,  in  many  cases,  lieen  absorbed,  as  is  indicated  by 
the  fa^  that  death  may  occur  even  when  amputation  of  the  limb  contuin* 
ing  the  infected  wound  has  been  |)erformcd  subsequent  to  the  onset  of 
symptoms.  The  administration  of  antitoxin  must  thus  depend  for  its 
effect  wholly  on  the  caiMcity  uf  the  thurajieutic  reiigent  to  detaili  toxin 
from  the  cells  on  which  it  is  already  acting.  With  regai-d  to  tetanus, 
we  need  only  say  that  the  impossibility  of  early  recognition  of  the 
disease  is  a  sutticient  exijlanatioii  why  in  this  disease  the  antitoxitt  treat- 
ment has  not  been  followed  by  any  marked  lowering  in  the  death-rate. 
We  consifler,  however,  that  the  treatment  should,  nevertheless,  always 
\m  applied.      In  the  course  of   a  very  considerable  ux|>erience  of  acute 
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tetanus,  vre  have  occasionally  seen  cases  in  which  tbe  prognc^is  was  {/( 
thu  gravest  oharacur,  and  in  whicli  recovery  followed  enormous  doaes 
(especially  by  intravenous  injection)  of  antitctanic  serum.  Even  in  cafiea 
which  would  be  classed  :is  chronic  it  is  ad\isable  to  give  antitoxin, 
though  spontaueouH  recovery  would  often  occnr.  The  reason  is  tliab 
sometimes,  even  when  the  onset  of  the  disease  has  been  delayed  and  it 
development  is  slow,  serious  symptoms  may  eventually  appear. 

The.se  two  diseases — diphtheria  and  tetanus — constitute  the 
which  not  only  ha*  sciontifio  investigations  of  the  conditions  of  Buccessfnl] 
therapeutics  been  most  fully  foUowwi  np,  but  in  which  sciontific  deduo- 
tions   have  been  .substantiated   by  practical  experience.      Fiurther,   they 
furnish  the  simploAt  and  purest  cases  of  Ixictcrial  intoxication  known.     la 
botli  cas&s  what,  tlireatens  life  in  an  animal  attacked  is  the  etfert  pi 
duced  on  the  nervous  elements  of  the  body  ;  thus,  though  the  tetanu^j 
bacillus  in  many  cases  produces,  in  addition  to  the  neurotoxin,  a  ba^mo-j 
lytic  |H>ison,  there  is  no  evidence  that  the  latter  under  natural  conditiot 
causes  distinctly  dangerous  effects. 

Antlvenenes. — It  is  different  with  the  case  of  what,  from  the  human 
stan<l{X)int^   is  a  very  importjint  group  of  soluble  toxins — namely,  tha« 
snake-poisons.     Here,  as  we  have  seen,  there  is  a  complexity  of  patho--^ 
genetic  effects  which   must    l>o  comliated — neurotoxic,   hivmolytic,   and 
necrotic.     Xot  only  so.  hut  an  additional  ditticulty  is  presented  in  the 
great,  though   not  absolute,   specificity   which   an   antivenene   manifests 
towards  the  venom  of  the  paiticuhu-  snake  used  in  its  manufacture.     I^h 
is   thus   impnicduible    in   a    great,   snake-ridden   countr\'   like    India   u4B 
prejiare  serums  specific  for  every  case  of  snake-bite.     The  difficulty  is  bein^ 
met  by  immunising  the  same  i^enim-pro4 hieing  animal  against  more  than 
one  snake.     The  venoms  of  the  most  common  species  of  different  genera  Jl 
are  employed.     Thus  in  the   P.usteur  Institme  of  Imlia  tbe  only  serum  " 
sent  out  is  that  of  horses  immunised  with  both  cobra  and  da)»oia  venoms. 
The  therapeutic  value  of  such  serums  has  still  to  be  tested,  and  other 
factors  besides  those  specified  may  militate  against  success  following  their 
use.     Thus,  Major  Ijimb  (\7i'i)  has  shewn  reason  for  susjwcting  that  the 
amount  of  jxiison  which  a  snake  such  as  the  cobra  injects,  if  its  glands 
are  fully  emptied,  is  probably  many  times  the  minimal  lethal  dose  for 
nmn.     A  favourable  feature  is  tb:it  ajiiuirently  it  is  possible  to  get  an^ 
luitivenene  to  act  efficiently  in  a  very  late  stage  of  the  disease.     Thi 
Noguchi  (2od)  obtained  an  anti- rattlesnake  serum  which  could  save  A 
sick  animal  wlicn  the  limit  ul' average  duration  of  fatal  illness  was  nearly 
reached  —and  in  cert-ain  coses  even  when  this  limit  had  been  passed  before 
treatment  was  begun. 

Thr  UtitionnU  of  Antitoxin  Action. — We  may  here  briefly  recapitulate 
the  chief  points  regarding  the  manner  of  the  action  of  iuititoxin  which  ^ 
have  been  fully  discussed  under  tbe  heading  of  "Immunity."     Wheafl 
an  antitoxin  !#  administered  early  in  a  CAse  of  disease  much  of  its  efficacy 
is   undoubtedly  due  to  its  neutralising  toxin  as  the  tatter  passes  from 
the   focus  of  infection  into   the   circulation,  and    before  al>fiorption   by. 
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M-nsHire  cells  occurs.     AVe  have  seen,  when  apeakiug  of  toxin-fixaiion, 

ihai  i  jwison  of  this  cla.s3.   when  absorbed,   rapidly  paaaen  out  of  the 

inuiaiion.  ami  also  that  the  lon^ter  the  interval  l>etw©en  such  a  (iis- 

ip[-!:aranco   and    the    a<l ministration    of    antitoxin    the   gi'eater    is    the 

mairiple  of  the  simple  ih  vitro  ueutralising  dose  of  the  antidote  which 

tmwt  be  injct:tetl  to  prevent  a  fatal  issue.     This  leads  to  the  conception 

tiul  ID  such  a  ca&o  the  antitoxin  must  act  by  lictaohiii^  tuxiti  from  the 

cfUj  to  which  it  is  already  fixed.      It  is  easy,  on  the  Ehrlich  hyjiotliesis, 

u»  !jw;ik  of  the  tixiition  of  the  haptophorous  ^n^up  of  the  toxin-molecule 

i-!i  receptor*  in   the  protopliisinic  molecules  of  sensitive  colls,  but  this 

Mv  hfl  A  very  imperfect.  deKcription  of  the  reality.     Either  the  toxin, 

,i!i^  gaine*!  access  to  the  cell  and  become,  as  it  were,  etitan^led  in  its 

.iphiAm,    13   slowly    fixed    chemically    to   intracellular   molecules,   or 

'    :i'iii,  though  at  once  commenced,  is  u  slow  and  probably  complicated 

[!" :«i.  and  lK?comes  more  complete  the  longer  the  molecules  concernotl 

ire  ■'■ft  in  contact.     Some  such  conception  might  explain  the  necessity 

1 1:  i;n'irmou>»  excess  of  antitoxin  being  employed  in  order  to  prevent  the 

jiiiliuyeuetic  etTects  of  toxin  which  haj»  W-n  for  some  time  in  contact  with 

•^Ilular  sulistance, — if  wo  accept  the  \-iew  that  the  interaction  of  toxin  and 

uitiluxin   L3   of  a  chemical   nature.     On   the   cunceptiun    that  toxin   is 

•ntangled  l:»efore  it  is  rtxed,  it  may  be  that  from  the  lart^er  size  of  th<5 

utitaxin  molecule  the  latter  has  great  difficulty  in  entering  the  celluhir 

molecule ;    thus,  the  lonjjier    the   delay    in    the  antitoxin   injection   the 

Staler  the  number  of  iintitoxin  molecules  that  must,  as  it  were,  Ixtmbard 

tbwll  in  rirder  that  snlficient  may  get  through  to  reduce  the  toxin  fixed 

'•tlow  tbf)  minintal  amount  lethal  to  the  cell.     From  the  observation  that 

«»  ttoimal  can  l>e  aived  even  aftei-  toxie  phenomena  have  l>egiin  to  l>e 

Bonifested,  it  is  more  likely  that  we  fiave  tn  deul  with  u  very  complicated 

fijiJition  pro^'ess.  which  even  afc*^r  Iwini:  jwirtially  Hccompli8h«'<l  can  still  )>e 

tiihlrtnc  How  this  un<loing  of  the  combination  ^ictwccn  cellular  rcceptoi* and 

Uoin  comes  aUjtit  we  cannot  say  until  we  have  clearer  knowledge  of  the 

tiiuire  of  the  loxiii-anlitoxin  reaction.     If  the  AiThenius-Madsen  view 

'rfihu  reaction  Vm?  correct,  then  we  must  consider  what  will  happen  when 

ihe  reversible  cell-reccptor-toxiii  reliction  y;oes  on  in  the  presence  of  great 

'xoes9  of   the   unattached    cell-receptors,   t)f    which    we   have   seen,   on 

Girlich's  hyiMDtbesis.  the  untitoxin  molecules  consist.     Evidently  some  of 

the  toxin  molecules,  on  becoming  free  from  the  receptor- toxin  combina 

CJDD*  of  which   they   have  formed  a  part,  will   become  attache<i  to  the 

tide-chains  of  the  antitoxin  molecules,  and  thus  irill  no  longer  be  in  .1 

portition  to  affect  the  cell  harmfully.     It  is  true  that  thn  antitoxin-toxiii 

n»mbination  may,   In   virtue  of  reversibility,   be  again   broken   up,  but 

ei-idcntly  if  the  antitoxin  molecules  be  in  excess  of  the  cell -receptors, 

then,  if  this  breakint;  up  occurs,  the  probability  will  be  that  the  toxin 

part  will  become  combiiied  with  another  antitoxin  mnleciile  rather  than 

with  a  cell- receptor.     It  is  well  to  bear  in  miti<l  that  often  the  detiich- 

ment  of  a  very  small  mtiiety  of  toxin  from  the  cells  w<(uld  turn  the  scale 

in  fnvour  of  the  recovery  of  the  latter.     If  the  toxin  antitoxin  reaction 
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be  of  the  nature  of  adsorption,  we  must  know  more  of  the  nature  of  sodt 
phenomena  before  venturing  on  on  explanation.  In  any  case,  our  ideaft 
on  the  subject  must  for  the  present  be  of  a  highly  theoretical  character. 
We  have,  liowever,  to  face  the  observation  thjit  the  adrninistration  of 
antitoxin  to  an  animal  after  toxic  avniptoms  have  appeared  may  prevent 
the  t'atiil  issue  which  otlierwise  would  certainly  occur.  Further,  all  our 
itifonnation  points  to  the  conclusion  that  the  toxin-antitoxin  reaction  is 
a  chemical  one,  and  we  are  therefore  forced  to  attempt  a  cbem 
explanation  of  recovery  in  the  circumatAncea  named. 

Tlie  Frophf/htctic  Cse  of  Antitoxk  Serums. — In  concluding  this  section 
may  refer  to  the  prophylactic  use  of  antitoxic  sornms.  This  at  pre-scnt  is 
confined  to  the  injection  of  antidiphtheritic  serum,  and  is  usually  practised 
iu  those  who  have  been  or  who  arc  being  exposed  to  diphtheritic  infection. 
Uudoultted  success  has  followed  such  efforts  to  prevent  the  sprea<l  of 
the  di-sejise,  and  several  interesting  questions  are  thereby  raised.  With 
regard  to  the  actual  prevention  of  intoxication  it  is  plain  that  antitoxin 
circulating  in  the  blood  would  at  once  neutralise  toxin  as  it  tras  ahsorlwd 
from  a  focim  of  infection.  The  inipurtant  aspect  of  the  phenumena 
involved  is  thai  iho  presence  of  antitoxin  in  the  l)odily  fluids  makes  it 
impossible  for  the  bacilli  to  settle  down,  and  thus  prevents  the  forma 
of  any  fociw. 

Inioj-icntion  Effects  in  the  true  Infrdvms. — We  have  seen  that  j»robab1 
many  of  what  may  be  call&l  tnic  infections,  in  contradistinction  to 
int4»xiciiiion8,  present  in  .-wldition  ellects  due  to  soluble  toxins.  Evidence 
of  an  occun'enee  of  this  kind  in  cholera  is  foiuid  in  the  work  of  Metchiii- 
kulT,  I^^ux,  and  Taurelli-.Siilimbeni  (2.39)  alrejuly  alluded  to.  These 
oltservers  found  that  an  antitoxin  could  Iw  formed  which  protected  animals 
against  the  Altered  products  of  the  cholera  vibrio.  In  plague  Mark)  (212) 
h:is  attempted  to  cuuntentct  alleged  toxic  effects  produced  by  the  BaciUus 
l*f'stit!  by  the  use  of  an  antitoxic  .-*orum,  but  not  enough  is  at  present 
knou'n  about  the  ti-uo  jmthology  of  the  discjise  even  to  allow  ns  to  judge 
of  the  attitude  to  be  adopted  towiirds  such  an  effort.  In  man,  cholera 
and  typhoid  fever  are  diseiises  in  which  intoxication  appejirs  to  be  a 
promine?it  feature,  but  practically  nothing  has  been  doiie  in  the  way  of 
combating  such  intoxication  by  antitoxic  ^ieruros.  In  other  infectiona  in 
which  the  ox])Iatialions  of  the  several  piietiomena  manifested  are  more 
obscure,  nothing  in  the  way  of  internal  thcrapousis  is  possible. 
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A**  to  the  therapeutic  application.^  derived  from  the  immense  ami 
of  work  devote<l  to  the  elucidation  of  the  properties  of  bactericidal  senims 
there  is  little  to  report.  While  there  is  little  difficulty  in  obtaining  a  seram 
which  will  protect  an  animal  against  inoculation  with  such  an  agent  as 
the  typhoid  or  cholera  organisms,  and  which  will  even  have  a  curative 
influence,  it  has  not  be.en  found  practicable  to  ajiply  to  any  great  extent 
the  method  of  passive  iminnnisation  iu  the  treatment  of  disease  ariaini: 


munHy.     lu  the  CAse  of  typhoid  utitimpts  have  been  raitde  by  several 

iiiviBtigjUore,  but  w-ithout  any  striking  success,     Iii  dy^nterya  comliina- 

unDiif  |i*saivo  with  uctivu  iminiiniiULiion  has  been  practised  by  Sliiga  (310) 

villi  mure  suceosd.  The  ciisc's  of  the  aiiiipljigiie  and  antistreptococcic  Ht'iums 

wemuM  reserve  for  8i>ecial  coiwidoration.     Many  obstnclea  prevent — in 

\h  mcantimo  at  loivst — the   iitilidiiiitjn  of  pofisive  tiumuniaatKm  in  the 

't  of  the  tnic  infectionrt.      Oliti  of  these  ia  the  difficulty  in  obtain- 

.; .,  — Litsicierial  serumx  of  a  high  potency  sucli  as,  on  the  analog)-  of  the 

juilitoxic  serums,  ivo  should  expect  would  be  ncoossju'y  for  the  succc-ssful 

nxuljAtiu)^  of  niitunvl  disease.     The  chief  rcasun  fur  tlii.s  in,  as  we  have 

wii  thill  while  irrimnnt^  IkxIv  is  rejulily  increased  liy  :in  immunisation- 

idl  atc<enij>t.s  to  obt^iin  ;i  prnf«>rtiori!itc   ririo  in  roinplement  have 

'  iwen  unsuccessful.      But   there  are   fm*iher  ieiisona   which,  on 

oBuJiiiTatinn  of  the  scientific  fts])ects  of   bactericidal  action,  will  be  at 

unce  evident.     One  of  these,  which  follows  on  the  last  t^i^'^^n,  is  that,  even 

ifuMrum  rich  in  immune  body  l>c  obtained,  still  when  this  ia  injecte<l 

inw  a  sick  individual  his  iKxIy  may  not  contain  sufliciciit  complement 

tiktBk«4<  I  vantage  of  the  iinmnne   Wxly  introduced.      Further,  if  future 

tsvvstigiition  should  substjiniiaco  Ncis^er   and   Wechsberg's  duduciions, 

there  is  a  pfwitive  diuigcr  to  an  animal  in  the  administration  of  immune 

My  in  ezceas  of  the  cornplcnieut  avnilable  for  ittf  utili;jatioo.     Iji  such  a 

ourifiintune  boOy^  bein^  in  excess  (there  not  being  sutticient  Wtcria  to 

uki!  it  all  up),  ULiy  anchor  a  pait  of  the  available  complement  and  prc- 

I  imfjortant  moiety  of  tiie  latter  from  manifeatinj,'  its  uLlion  thnwigh 

iiiuie  bo^ly  really  attiiched  to  the  Iwicteriit.     liut,  further,  coinple- 

i.iy  not  only  be  deficient  in  quantity,  but   there  may  l>e  a  defect 

,L.:iLy.     There  is  no  doubt  that  an  imnuuie  liudy  which  is  capable  of 

*ving  one   species  of  animal   from    infection    may    bo    inoperative   in 

mother  species.     This  fact  remains,  whatever  view  be  taken  of  Khrlich's 

<(p)iuiaCioii,    that    the    phenomenon    de{>en(ls    on    the    multiplicity    of 

■nnmtte   bodies   and   complements,   and    the  specifieity   of  u   ]uirticutar 

imnuDc    body  for  a  particular  conijilement.      Thus,   Wt-chsberg  (3U*) 

'wiiiii  (biU  usually  pigeons  possess  no  couiplenient  which  c«n  enable  them 

t«>iiuli9e  an  immune  serum  derivctl  from  tbo  rabbit  for  protection  Jigainst 

Difortion  with    the   i'iltru)   Mfti-hnikori,      On   tlie  other  hand,  cases  are 

born  in  which   an  immune  IxHly   of    one    species  of    animul    uin    l>e 

coinpIfm'*nte*l  in  another  epecie^i.      Thus  .Shiga,  in  hia  work   with   the 

IL  (31  1  t,  liiw  broujiht  forwunl  evidence  thiit  the  immune  body 

d ii        '■  ,'idjil  serum  produced  by  the  horric  can   be  complemented  in 

ctomiAl  hunuin  blofKl.     In  the  v.ini'A  uf  many  serums  there  is  little  doiibt 

Uut  a  sufficient  or  eflicient  complemont  does  not  exist  in  human  blood, 

uid  for  the  present  this  fact  limits  the  application  of  bacterial  theni- 

(Wtics  in  the  rlisfanes  involved.     Consiilerable  scar(.^h  \\w^  be*-n  instituted 

\  \-iew  to  finding  fomgn  complementary  h^tuuis  which  would  for  a 

ammnl  uct  in  conjunction   with  foreign  immune  body.      ThuA.  lu 

urk   with   tlie  vih-io  M<klmik»vi  just  alluded   to,  \N"ech6berg  found 

i«  pigeon  that  immune  body  from  the  rabbit  could  be  complemented 
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by  normal  mbbit  serum.     The  effect  waa,  however,  not  obtained  with  *1 

indiviilualfi.  The  explanation  i&  either  thiit  the  intro<liiction  of  n  t'oreigf 
coiupleoient  causes  such  a  rapid  production  of  anticomplemerit  that  wnji 
of  the  remaining  complement  is  noutralised,  or  that  in  the  bodily  ceHa 
there  may  be  receptora  capable  of  fixing  complement  and  thna  prevent- 
ing  itB  action  on  the  invading  bacteria.  Ehrlich  (97)  summed  up  th« 
situation  in  1 OOO  .ia  follows  : — "  From  this  it  appears  that  in  the  theni- 
peiitic  applicaiiun  uf  iintibicterial  serums  to  man,  therapeutic  succcsa  i« 
only  to  be  uttiincd  if  wo  use  either  a  bactcriolysin  with  a  *  complement 
which  is  stable  in  man  (' antliropoRtJibilo  comjih^ment '),  or  at  Icjist,  ji 
bacterioly»in,  the  '  immune  body '  of  which  Huds  in  human  i^eriim  ah 
appropriate  '  complement.'  The  latter  condition  will  be  the  mure  readil) 
fulHIle*!  the  ncirer  the  species  employed  in  the  immuni.s;LtJon'{irouess  B 
to  man.  I'eihaps  the  want  uf  success  that  as  yet  has  attended  iJm 
employment  of  typht>id  ami  cholt*ra  scnuns  will  be  obviated  if  the  stTum 
be  derived  fi"om  api'.«,  and  not  Uiken  from  Hpfcitw  sd  ilistinctly  rtMiuivM! 
from  man  as  ilie  horse,  ^oal,  or  dog.  However  this  may  be,  the  qiiesMor 
of  the  provision  of  the  appropriate  *  complement'  will  come  more  nnti 
moi-f  into  the  foregruianl,  for  it  really  represents  tlie  centre  round  whicli 
the  practical  advancement  uf  bacterial  immunity  must  turn."  This  state 
mcnt  nmy  be  t<iken  as  representing  the  condition  in  which  mutters  stjind 
at  the  present  time  in  the  rases  of  thiwe  diseases  in  which  nnmune  l»Oilv 
and  complement  are  concerned  Jn  liactericidal  action.  It  may  be  siiiti 
that  Sir  A.  E.  Wright  (370<i)  holds  many  of  the  antihacleriid  Hertiiiiii  it 
use  to  ))e  really  bacterial  vaccins,  i.f.  they  owe  any  action  they  possess  U 
containing  some  of  the  bact<5rial  poisons  originally  injeotod  into 
animal  from  which  they  have  been  derived. 
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We  must  now  proceed  to  speak  of  cert-iin  antisenmis  used  therapeuti 
cally  which  from  tlieir  ori>pn  and  mode  of  action  apjwar  to  retiuire  spocUl 
consideration. 

Antistreptococcic  Serum. — The  immunisation  of  animals  againat 
the  pyot^enetic  RlreptJ>C"M;ci  is  a  tnatter  of  gre;il  difficulty,  and  the  resuJtfi 
when  immunisation  is  accomplished  are  uncertain  as  regards  both  degree 
and  duration.  This  is  what  might  be  e?q»ecT*d  fnmi  the  (Lita  of  human 
pathnlogj'.  As  is  well  kno%vn,  an  indiWdual  may  at  short  intervals  sufTor 
from  repeated  attacks  of  streptococcic  inFection  without  manifesting  eithet 
tcmpoi-ary  or  permanent  lo«s  of  susceptibility.  Many  animals,  such  as 
the  i-abbit»  are  sintoilarly  insusceptible  to  streptococci,  at  any  rate  to 
strains  derived  from  human  sources.  The  virulence  of  the  organism  can, 
however,  Iw  raised  by  such  mejwures  a^*  jut^suffc^  growth  on  special  media, 
etc.,  and  when  disease  conditions  ore  once  produced  the  way  is  openet] 
up  for  immnnis;aion  processes.  But  it  is  always  difficult  Uj  gauge  the 
degree  of  immunisiition  pioduceti  by  any  |>articular  dose  of  a  cnltiire,  and 
thus  at  almost  any  stage  of,  at  any  rate  a  prolonged,  immunistition. 


may  \hs  rendered  most  seriously  ill,  or  may  die.  There  Is  no 
iloub^  bowovcr,  ihnr.  a  degree  of  active  iminiitiily  Ciui  tw  prfjtluced  ;  and, 
fortbcr,  tbil  wlii?n  careful  imnmiii«Uion  if.  pursnod  for  from  six  Uj  eighteen 
mriDthA,  thfru  ran  be  ohtainud  from  animrdB,  such  a.1  the  horse  and  osa, 
iKnunwhich  has  tn  aninuUa  ix)th  protective  and  cnmtive  properties.  Such 
rsshfl  fajtve  been  att'iined  notably  by  Mjinnorek  (LM4)  and  Aronson  (5). 
lUftrength  of  such  Herumn  m.iy  be  judge^l  uf  by  the  fuct  that  a  few 
miUignimmcs  nuiy,  if  injeeteil  twenty-four  hours  piinious  to  inoculation, 
ftotectii  nbbit  aguinst  10  M.L.D.  of  a  streptococcal  culture,  and  even  if 
iiijix'tion  be  debyed  till  several  hours  after  inoculation,  dettth  may  still 
prevented. 

Though  the  accuracy  of  thewe  olaervations  is  undoubted,  nothing  is 

of  the  way  in  which  the  serum   actti.      Tbern  is  little   reliable 

100  that  it  possesses  any  definite  bsctcricidol  action,   though  with 

ird  to   this  [Joint  it  is  most  desirable  that  investigation   should  be 

out  by  the  more  accurate  niethofls  n]i[>lied  in  recent  times  U^  cAher 

Both  Arunson  and  v.  Lingclshcini  (33r>)  hold  that  there  is  a  slight 

ickhil  action,  but  give  no  detitils  of  the  ex]>eriments  on  which   tliis 

opinion  ia  bajsed.     Apjiarently  they  do  not  think  that  any  such  effect 

vtich  may  eodst  is  sufficient  to  account  for  the  action  of  the  sonim. 

Bodet  (35),  who  gives  more  p;irticulnr»i  of   hie  methods,  is  of  opinitjn 

tint  the  »**n»u  does  not  possess  bjicteririrlal  propeitios,   docs  not  confer 

Uclehcidal  properties  on  the  serum  of  tht)  animal  which  it  i)i'otectfi,  and 

<Jocs  not  have  any  eHcct  in  diniinishijig  the  viniletice  of  the  streptococcus. 

A^n,  tlicre  is  no  evidence  of  a  bacteriolytic  elfect  being  present,  though 

ili^t  changed  in  stAiidng  reaction  have  been  ol^sen'od  in  cocci  oxposod 

Aon  of  the  senmi.     The  only  definite  effect  which  the  senim  hfw 

rer]  to  have  on  streptococci  is  that  of  agglutination  (Aronson, 

t).      Aronson  has  made  a  few  very  incomplete  in(]inries  as  to  the 

ibility  ihats  iis  regaixls  its  constituent*,  the  seium  falls  into  line  with 

■olicboleniic  and  antityphoid  serums.      He  sought  to  anchor  any  possible 

■ptor  present  by  leaving  the  serum  in  contjict  with  streptococci  for 

dderablo  perioil ;  but  on  sepjimting  it  from  l)ie  kictcria  he  cotdil  lind 

evidenrc  that  it  was  less  active  than  before.      Hence  he  conchidea  that 

probably  nothing  of  the  nature  of  an  immune  ImmIv  is  ]>re8ent.     In  this 

enDnexiun  the  experiments  of  Denys  and  lieclef  (i<4)  may  l>e  mentiuiicd. 

Tbrae    observers   immunise<l    rabbits   against   the  Streptococcus  pyogaux 

Aot]  found  that,  while  the  serum  of  freah  rabbits  showed  no  bactcncidnl 

*ettoQ  oei   the  Vuietena  in  question,  such  an  action,  though  in  a  slight 

deetec*  vnis  manifested  by  the  serum  of  immnnc  animals.     Further,  the 

kvcooytes  of   a   normal    rabbit   had    little  or   no   phagocytic   actirju    on 

ftraptococci ;  but  if  these  non-j>otetit  cells  were  placed  in  the  ^erum  of  an 

munune  amiual  they  manifested  great  activit}^  and  killed  thu  organisms. 

Again,  if  the  leucocytes  of  an  immune  animal  were  placed  in  the  serum 

of  a  fftwh  rabbit  they  did  not  shew  any  grcAt  phugocytic  jiower.     These 

oh«e7-vation»  may  be  interpreted  in  two  ways  :  either  iis  she\nng  that  for  a 

lom  l)act«nci()al  effect  twu  subetancus  are  in  reality  necessary,  one 


I 


l8o  SYSTEM  OF  MEDICINE 

present  in  the  immune  animal's  serum  and  the  other  in  the  leucocyte* 
or  as  being  evidence  of  some  such  opsonic  effect  as  has  been  found  b 
Sir  A.  E.  Wright  to  be  at  work  in  similar  cases.  Bordet  is  of  opinion  ths 
the  serum  neutralises  the  repellent  influence  exercised  by  streptococ 
on  leucocytes.  It  was  in  this  connexion  that  he  made  the  obserratioi 
which  are  brought  forward  as  justifying  the  idea  of  the  existence  of  a 
actual  negative  chemiotaxis  as  apart  from  a  mere  state  of  indifferent 
on  the  part  of  leucocytes  {y.  p.  137).  The  effect  of  the  use  of  ant 
streptococcic  serum,  according  to  Bordet,  is  to  transform  the  negatii 
into  a  positive  chemiotaxis.  An  inter^ting  observation  by  Bordet 
that  in  such  a  case  there  usually  occurs,  a  considerable  number  of  hou 
after  inoculation,  a  sudden  local  increase  of  phagocytes — what  may  1 
described  as  a  phagocytic  crisis.  Aronson,  while  not  adopting  the  vie 
that  phagocytic  activity  is  the  essential  factor  in  the  potency  of  tl 
serum,  is  of  opinion  that  in  some  way  the  spread  of  the  bacilli  from  tl 
point  of  inoculation  to  the  body  generally  is  prevented,  and  he  \sx 
brought  forward  evidence  that  this  really  happens. 

It  might  be  suggested  that  the  antistreptococcic  serums  have  an  ant 
toxic  action.  We  have  no  facts  bearing  on  such  a  view.  Recent  cultun 
of  streptococci  when  filtered  are  usually,  even  in  the  largest  doses,  noi 
toxic.  Whether,  however,  the  bacteria  form  in  the  immune  body  tox 
substances  of  the  nature  of  aggressins  we  do  not  know.  Such  an  occu 
rence  would  fall  in  with  Bordet's  view  of  the  pathogenetic  action  of  tl 
organisms,  but  no  investigations  have  up  till  now  been  made  whic 
throw  light  on  the  subject.  It  is  thus  undoubtedly  true  that  an  acti^ 
antistreptococcic  serum  can  be  obtained,  but  no  satisfactory  explanatio 
of  its  action  is  forthcoming  j  on  the  whole  the  most  probable  view 
that  which  regards  its  effect  on  leucocytes  as  the  important  factor. 

The  serums  of  Marmorek  and  Aronson  have  been  widely  used  as  then 
peutic  agents  in  severe  streptococcic  infections  in  man.  The  prognos: 
in  any  case  of  such  infection  is  so  uncertain  that  it  is  very  difficult  t 
judge  of  the  results  which  have  Iwen  obtained.  Certainly  no  strikin 
diminution  has  occurred  in  the  mortality  of  such  a  common  condition  a 
streptococcic  puerperal  disease,  Init  no  doubt  cases  have  occurred  in  whic 
apparently  good  results  have  followed  the  treatment.  We  do  not  knoi 
the  conditions  which  limit  the  application  of  the  serum  in  animal  ej 
periments,  and  thus  we  cannot  determine  in  what  circumstances  in 
human  infectious  disease  benefit  is  likely  to  accrue.  The  results  of  Neisse 
and  Wechsbcrg  at  one  time  rendered  it  doubtful  whether  the  use  of  ant: 
streptococcic  serum  was  justifiable,  as  a  harmful  effect  might  possibi; 
follow.  As  we  have  seen,  tliere  is  no  evidence  that  the  effect  of  th 
Borum  is  duo  to  the  presence  of  immiuie  body  and  complement,  so  tha 
this  objection  may  for  the  present  be  neglected. 

The  apparent  inefficacy  of  this  serum  has  led  to  the  rather  hoatil 
attitude  at  present  adopted  towards  its  use.  According  to  some  th 
cause  of  the  apparent  want  of  success  is  due  to  the  extreme  variabilit; 
supposed  to  be  characteristic  of  the  pyogenetic  streptococci.     There  ha 


ilnvB  been  considcrnblo  coDtrovorsy  as  to  whotber  all  the  organiBzus 
ktod  from  so  many  diD'erent  inHammntory  diseases,  and  possessing  tbe 
c)uu-nct«rs  ftdaocuLed  with  the  ^^Ifrrjihcor/^HS  pijitpnifK,  ought  rwdly  to 
cbssed  in  one  species,  and  fit>m  the  present  sUndpoint  it  has  been 
uked  whelher  a  senim  active  against  one  stnun  of  the  bacterium  is  really 
ftCUteagaiitHt  all  struiiiA.  MmmOM'tc  (iM.i)  as^terts  thai  snrh  is  the  case, 
his  Opinion  is  not  based  on  the  obsei'vation  of  identical  action  in 
generated  by  diHerent  strains,  but  on  tho  possession  by  a  seiics  of 
of  a  ftimilar  hieniolylic  action.  Aronsou  states  that  his  serum 
efficient  ngainst  strains  denved  from  many  sources,  but  van  do 
'idde  (331)  in  an  elaborate  inqniiy  c:Lnie  to  a  dilk'renl  eoiiclnsion. 
Ttu  observor  immunised  animals  with  diflert^nt  stmins,  and  found  that  a 
•mm  gco«rated  by  a  strain  A  did  not  necesgarily  antagonise  a  strain  B, 
ttd  conversely.  He  made  the  important  observation,  however,  tliat  if 
h  stnins  were  uimd  in  tbo  immuniflation  of  an  animal,  a  senmi  wius 
in»l  which  wsis  t'tHcacious  against  both.  As  a  result  many  "  pt>ly- 
■il"  serums  have  be<;n  prepaied  by  the  use  in  the  immunisation  of  the 
bearing  animal  of  a  great  many  diilcrent  strains  of  etreptooocci 
MnA  from  different  morbid  conditions.  There  is  little  doubt  that 
nch  polyvalent  senim.i  should  bo  used  in  cases  in  which  it  is  considered 
adtinble  to  administer  antistreptococcic  serums. 

In  the  immunisation  of  animals  with  various  streptococci  there  Inive 

iRDNimeA  been  inli-oducwi   strains  derived   from  the  thinats  of  scarlet 

yftteaae&t  and  tho  resulting  seiiims  have  been  used  m  the  treatment  of 

tbt<tiBeas6  (Aronson  (6),  also  art  "Scarlet  Fever,"  p.  463).     Any  allc;;etl 

putpbyed  by  such  cocci  in  the  etiology  of  this  infection  rests  on  insuf- 

SricQi  data  ;  nothing  can  be  said  regsirding  these  thcropeutic  applications. 

Aotlplague  Serum. — Several   investigators  biive  prepared  scrnniB  de- 

agncd  to  combat  tho  action  of  the  Ji.  jK'stvf.      Of  these  tho  chief  are 

Vcncin,  Calmotte,  and  Borrcl  (380),   and    Lustig   (191).      Yerain    used 

fcr  uwmmiii:ition   the  Ixidies  of   bacilli    killed   by   exposure  at  oH^  C, 

Urtig  A   nucleo-protoid   derived  from   tbc  bodies  of  the  Iwicilli.     The 

pnijierties  of  Ycrsm'a  serum  in   protecting  animals  under  experimental 

oxtdition^  w«re  investigiitetl  by  a  German  connnis^ion  imder  Kolle  and 

Otiwrif  I6{).    The  protection  attbrdod  was  [lanial  in  that,  under  the  most 

Jkroarable  conditions,  less  than  a  third  of  tbo  animals  inoculated  sur- 

H*T»d  ;  it  was  also  nf  short  diuJition,  and  after  a  few  days  all  effects  had 

been  lo«t.     If  the  serum  were  injected  aft«rtbe  animal  had  lieen  infected* 

a  rur%tive  effect  wiis  sometimes  noticeable  up  to  a)>out  eighteen  hours — 

if  ibis  pcsriod  wore  passed  the  oniiuals  died. 

With  regarti  to  the  properties  on  which  any  protective  action  depends, 
Rolie  and  Martini  (165)  have  ol^ecrved,  in  intrapcritone.'d  infection  of 
protected  by  the  serinn,  microscopic  ap[>carancos  analogous  to 
cnted  in  l*feiffer's  phenomenon  as  seen  in  a  similar  cholera 
Infcvtaon.  Murkl  (213),  working  on  the  effects  of  antiplague  serum  on 
pl^uo  bncilU  m  riin\  inactivated  horscsemm  by  heat  and  found  it  had 
BO  bactericidal  action  ;  on  adding  to  such  inactivated  serum  fresh  rat- 
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serum  a  certain  amount  of  Ijactoricidal  action  was  obsen'od, — accompauic" 
micTOBCopioally  by  clinn^{!s  in  the  hiicilli  i\s<  (Inscritwil  by  Kolle  nn" 
Klartini.  On  udtlinL;  riit-lyui]jlj,  rich  in  leucocytes,  fXtroccUular  wicr«>^ 
Gcopic  cbiiDgtis  could  i>G  ubservtid,  auil  also  pi-o  noun  cud  pba^ocyloei 
In  aniinala  MarkI  obsor\'tid  tbat  h.  rich  leucocytosiB  occiurud  wh( 
virulent  liacilli  and  fcht-'  proteotive  sorum  were  injected.  The  adminiatra^ 
tion  of  a  greutor  dose,  than  the  senim  injected  could  neutralise,  u*^^ 
followed  Ity  an  incomplete'  plui^orytoaiB  and  n  sulwcfpient  fal;il  issue- 
Tb«  phugoirytortis  scemo^l  to  (lopciui  on  a  sensitising  action  of  the  scnua 
on  tlie  bacteria,  for  it  followed  in  an  intentju  degree  the  injection  or 
organigms  which,  after  Iwiiig  left  in  contJict  with  the  senini.  had  liocn 
fle{)arated  and  several  limes  washed.  An  important  point  not-cd  wa&  tbut 
when  a  non-virulent  cidtiu*e  was  irijecUfi  the  bjicteria  seemed  to  parish 
extraccliularly  without  phagocytosis  occurring.  The  antiplagne  s>cnxin 
has  been  stated  to  have  no  antitoxic  projHirties.  Kolle  (102)  found 
that  the  filtnttes  of  younj;  cultures  shewed  no  toxic  propertiea. 
When  the  ])acilli  wore  separated  by  con tri (ligation  from  yo\ing  killed 
bouillon  cultures  the  tluid  was  found  to  be  toxic,  as  were  alfto  the 
filtrates  of  old  cultin'os.  But  the  onlinary  antiplague  serums  had  no 
capacity  of  neutralising  these  otTccts.  Further,  an  attempt  to  immunise 
Itorscs  by  injecting  increasing  doses  of  these  intracellular  toxins  was 
unsuccessful,  no  antitoxic  scrum  )>ein^  formed;  and  the  sonun  of  these 
horses  wu^  incfl{)fible  of  protecting  animals  against  infection  with  living 
Imcilli.  We  thus  see  that  by  an  antiplague  immunisiition  n  serum 
be  produced  which  has  a  certain  protective  and  a  very  limited  cumtil 
power  in  animals;  the  cause  of  these  actions  is  quite  unknown. 

Antiplague  serums  have  been  used  both  prophylactiwiUy  and  thera- 
pentically  in  man.    The  view  usu;dly  taken  is  that  tliey  may  have  a  sli^ 
elfect  in  modifying  the  clinical  course  of  the  disease,  and  may  bo  of 
in  conferring  a  Hhort-lived  protection  on  those  who,  without  having 
the  previous  opportunity  of  undergoing  the  active   immunisation   pi 
cesses  to  be  presently  described,  may  have  to  come  into  contact 
plague  cases. 

Antlanthrax  Serum. — Both  small  animals,  such  as  the  rabbit,  and 
large,  such  as  the  sheep  nr  ass,  can  be  immimised  against  anthrax,  so  that 
ultimately  they  will  withstand  verj'  large  drj.w«  of  vinilent  cultures. 
The  metho<i  usually  Uiiopteil  is  to  commence  the  immunisation  by  using 
the  voccins  introduced  by  Tasteur  for  the  protective  inocuUtioo  of 
cattle,  and  then  to  follow  this  uji  by  injecting  every  few  days  aliont  4 
.M.Ij.D.  of  a  vindent  culture.  Such  a  procedure  was  adopted 
Marchoiix.  Sclavo  (309)  improvoil  on  this  method  by  first  inj< 
ing  some  antianthrax  scrum  preWously  obtained  by  such  mejins  ai 
then  injecting  the  living  bacilli,  l^y  this  method  the  first  doees 
the  latter  were  pi*ovenied  from  having  a  pthogonetic  effect,  and  the 
immunisation  process  could  proceed  more  rapidly  and  also  apparently 
more  effectively.  From  highly-immunised  animals  a  serum  is  obtained 
which    (in    n^mj»amtively    large    doBes)    will    protect    anim:ds    agaii  ~ 


Dtlterwiae  fatal  infection,  and   which   hiis  also  a  very  definite  curative 

HliOQ. 

Here,  again,  the  f|uetttioti  Hrises.  On  what  Uous  the  actiuii  of  the  senim 

(Jupend?      Solmruheim  (3ir>)  wiw  unftl>l«  Ut  dvlevX  in  the  antianthrax 

mj'  (Ifjiioe  of  hactcrioitiai  jution  greater  tlian  that  po^seHsed  \ty 

II  ironi  an  luiinuiiuuised  anitniii  of  the  sjime  species.     Simihir  results 

vers  ubtained  hy  Suwtchonko  (304).     Selavo  niiulo  suniu  inquiries  with 

4  riow  to  determining  if  the  iuriion  of  the  scrum  di-pendwl  in  any  \vi\y 

go  Um  presenco  of  immune    IhxIv  aiul    complemfni.       He   found    that 

k)i  Kntni,  if  heated   to  r>.y   C,  protected   rabbius  ha  w«1I  ua  wlit-ti  iin- 

hatBd     This  might  have  been  due  to  its  being  flutticiently  compk-iiRMiiud 

ii-  rabbits'   biMly-Huids.      He    therefore    produced    a    rabbit   anti- 

uiu.inunt,  and  introiliiccd  this  serum  (heated  to  55^  C)  alon^  with  the 

ilirax  serum.     The  effect  of  the  lutter  was  in  no  way  impaired. 

tr>ii[i  ihis  Sclavo  concludes  that  the  miction  of  the  serum  probably  does 

Mi  depend    on    thr   combined   action   ot    amboceptor   and   cdmplcnient. 

Both  iUrchoux  and  .Sawtthcnko  considered  that  the  sernm  in  aome  way 

lOnion  Uie  leucocytes,  and  that  the  rej^ultinj;  phiigocyto^is  dctcirainod 

ttfl  pfole<;tive  refiiilts  obtJiincd.      Sobernheini,  while  not  finding  evidence 

<i  uah  definite  dependence  of   recovery   on   phagocytosis,   thinks   that 

vmiafaov  or  other  the  effect  of  the  serum  clepenile,  not  on  a  dirt>ct  action 

<•<!  the  invading  liact^ria,  but  on  an  indirect  action  in  the  iKidily   tissues 

v  »hi".h  the  Litter  are  enable<i  to  prevent  the  spread  of  the  organisms 

i^'iii  tlje  inocuhition  site.     He  is  led  to  this  itiea  by  the  largo  jiart  played 

'»  'hf*  individuality  of  the  animal  on  the   retsults   prtMluced  ;    a  much 

'•'  :--r  |>rTjportion  of  individuals  will  not  respond  to  protective  measures 

"-'■'  i^  the  case  with,  say,  diphtheria  or  tetanus,  in   which  the  cumtive 

1 1:  Hxms  to  actdintctly  on  the  pathogenetic  8u)>Ktance.     The  qucif^tion 

■jt  Uifi  existence  of  a  fio^ible  antitoxic  action  of  the  serum  might  bo 

niyyi     The  noUibly  toxic  naturc  of  the  cfTeets  pitxiuced  in  anthrax   in 

i  I  whom  the  di^trilnuion  of  the  Imcilli  is  often  niarkfdly  loiyil,  is 

:.iLcd  to  accentuate  this  inquiry,  ua  is  also  the  faet  that  in  Sclavo's 

unmuiusatiou-methoii   the   injection   of   the  antiserum   pi-eviotis  to   the 

luction  of   the  bacilli   ap^iciu's  to  mitigate  tlie  local  action  of  tlie 

On   this  jxiint  we   can.   liowever,  say   nothing.      The  anthrax 

in  ordinary  fluiiJ   cultures   yields    filtnttos  that   are   practically 

Qun-loxic,  ;ind  with  ihib  organi>4m  im  exiKurinientfi.  analogous  to  those  of 

KoU«  with  the  plague  bacillus,  have  been  jwrformed. 

The  antianthrax  senima  of  Sclavti  mul  Sol)ernheim  (315)  have  lH»en 
eili?nsivcly  uacd  l»oth  prophyluctiadly  and  thorapcnticany.  Scbivo's 
urn'ltK'C  has  Iwen  trietl  in  \Ui\y  hi  the  treatment  of  human  anthrax,  and 
UT.  Leggc  h»8  no  <Inubt  of  its  cfHcacy.  S<ibernheim,  to  |)rotect  nittli% 
Am  uaod  the  mcthorl  of  injecting  the  antianthrax  scrum,  followi^l  by 
^AOeuUti'm  of  virnl<*nt  l>acilli.  He  holds,  with  considcnible  aj}pearaiice 
of  accuracy,  that  this  combination  of  agente  confers  a  more  lasting 
inmupity  than  does  the  original  active  immunisatioiMnethod  practised 
hy  pA«t4*ur.     It  is  in)p<jssible  at  present  to  assign  any  reason  for  this 
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apparent  superiority   of   the    combined    passive   and   active   immunise 
tioits. 

Other  Serums  of  Unknown  Action. — In  some  other  morbid  condition 
serums,  whose  mode  of  action  is  unknown,  have  been  used  for  therdpcuti 
purposes.  Among  these  serums  may  be  mentioned  the  antipneumococci< 
serum  of  Dra.  Eyre  and  Washbourn,  the  antirabic  serum  of  Tizzon 
and  Centanni  (326),  Maragliano's  an ti tuberculous  serum  (obtaine<l  bi 
injecting  a  mixture  of  tubercle  toxins,  insusceptible  to  heat,  and  som^ 
substances  present  in -tuberculous  cultures  which  Maragliano  considers  v 
be  thcrmolabile  toxins).  We  may  also  allude  here  to  the  antituberculou 
serum  of  Marmorek  (217).  This  investigator  considers  that  in  no  oi 
dinary  culture  medium  does  the  tubercle  bacillus  produce  the  toxins  b; 
which  it  operates  in  the  animal  body,  where  it  is  specially  subject  t 
the  antagonism  of  cells.  He  therefore  grows  it  on  a  serum  which  is  itse] 
antagonistic  to  one  class  of  bodily  cells,  namely,  the  leucocytes.  Th 
serum  employed  is  a  leucotoxic  one  derived  from  an  animal  int 
whose  peritoneal  cavity  the  injection  of  leucocytes  has  l>een  practisec 
The  bacillus  is  next  grown  in  bouillon  containing  juices  extracted  from  th 
liver,  an  organ  which,  from  its  insusceptibility  to  tuberculous  infectior 
Marmorek  thinks  must  contain  some  material  antagonistic  to  the  ba< 
terium.  Having  thus  allowed  the  bacillus  first  to  grow  in  a  serum  i 
which  presumably  inimical  substances  coming  from  leucocytes  wer 
neutralised,  and  then,  secondly,  to  grow  under  conditions  in  which  i 
might  become  accustomed  to  uncongenial  surroundings,  he  considers  tha 
the  toxins  now  produced  in  the  cultures  will  more  closely  resemble  thos 
produced  in  the  animal-body.  He  uses  these  toxins  to  stimulate  th 
production  of  an  antituberculous  serum.  The  serum  has  been  used  fo 
the  treatment  of  human  tuberculosis,  but  it  is  too  soon  yet  to  say  an5 
thing  regarding  the  results. 

Active  Immunisation  as  a  Prophylactic  and  Therapeutic  Measure 

We  now  pass  to  consider  the  prophylactic  and  therapeutic  application 
of  processes  of  active  immunisation.  The  ejirliest  artificial  immunis; 
tion,  that  of  vaccination  against  smallpox,  is  undoubtedly  to  be  classe 
as  such  an  immunisation  of  an  animal  species  carried  out  against  a  diseas 
by  means  of  a  |)athogenetic  agent  (of,  up  till  now,  unknown  charactei 
whose  \nrulence  has  been  lessened  by  {Kissjige  throtigh  another  speciei 
The  same  is  true  of  the  Pasteur  method  of  inoculation  against  rabie 
(267),  a  procedure  which  has  many  points  of  interest.  The  cause  of  th 
disease  being  unknown,  a  tissue — the  spinal  coitl — known  to  harbour  th 
^•irus  is  made  use  of.  The  coi'd  of  an  animal  in  which  the  Wrulence  c 
the  agent  has  been  niised  by  passage  is  chosen  as  the  therapeutic  ageni 
The  jKithogenicity  is  very  much  reduci'd  by  drying,  the  reduction  beiUj 
proportional  to  the  number  of  days  the  drying  has  been  carried  on.  B; 
taking  a  series  of  cords  of  diii'eient  ages,  a  series  of  specimens  of  th 
virus  of  increasing  strengths  is  obtained — material,  in  fact,  for  a  prf 
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^raahv  tmmutiimtion,  Hy  the  nse  of  iheoe  an  animal  can  be  izmuunised 
»pSaiA  ih«  TiruB  of  the  slrcngih  ordinarily  present  in  a  mad  dog.  TIub 
Meogih  is  very  constant,  and  is  luss  than  thai  of  ttie  inu^t  viriili'iit  r'9ilt)>it 
wis*  But  tbo  [>oint  of  griuit  ijitori^L  is  that  in  llie  tbeiupuutic  appiii-n- 
ti(m  of  the  method  tho  active  immnnisation-proce^  in  the  hitt4;n  jULtient 
u  amcfi  on  during,  and  is  completed  before  tho  expiry  of,  the  jwriud  of 
inrahation  of  iho  vims  which  has  Iwen  abciorbcd  at  the  time  of  tbo  bito 
-ihis  period  being  usually  forty  days.  Wo  cannot  give  an  explanation 
oi  the  phenomenon.  The  ordy  available  fact  be-aring  on  the  weurrence 
H  thil  the  incTn1vitioni>criod  of  the  vindont  vinw,  to  whose  inftnence 
Wnrr  thr  end  of  the  iramunisiition  the  trcsited  individiwl  is  snbjected, 
for  man  mnch  ehorter  than  that  of  the  virus  inoculalet) 
ui  :-^_  .. ',  bit*  of  the  rabid  aidmal.  'ITiis,  however,  in  no  way  throvrs 
ii^t  on  the  underlying  ptx>ceaae«,  of  which  no  rational  explanation  can 
U  givea,  seeing  that  even  the  nature  of  the  |iatbogenctic  agent  in  the 
^lewe  is  unknown  (cf.  p.  IS22). 

The  first  ini|)ortiint  active  imnuini!i:ition  carried  out  with  a  known 
pilbogenetic  agent  was  the  immnnis;ttion  aj^aiuBt  anlhrax  iatroducud  hy 
l*(irtttir  (2GG)  for  the  protraction  of  aiitle  likely  to  l)e  exposed  to  infec- 
itori  This  essentially  consisted  of  injecting,  first,  a  culture  weakoucil  in 
nnilence  by  twenty-four  daya'  growth  at  a  temperaliUHi  al>ovc  that  for 
oftionini  growth — the  premier  varcin,  and,  secondly,  twelve  days  later  a 
c^OTP  grown  for  twelve  days  at  this  temperature — the  dcuxirme  wccui. 
Tbe  animal  cnnld  in  many  CJiaea  reflist  iiiocnlatifm  with  ordinary  virulent 
fcttilli.  A.S  we  liave  seen,  this  rat'tho*!  has  been  improved  on  by  Sobom- 
Woi.  who  has  combintHl  patisive  with  active  immunisjition. 

Protective  Inoculation  against  Cholera. — Thi*  next  important  disease 
fsunst  which  a  piotoctive  inocidation  was  devised  was  cholera.     Here 
fiUTtbno  (13C))  has  proceeded  by  a  metho*!  annlocous  to  that   last  des- 
niiwd.     A  cnlturo,  the  virulence  of  which  has  btsen  diminished  by  grow- 
ing it  in  a  current  of  air,  is  injected,  and  this  is  followed  liy  the  injection 
rf  A  culture  (riruji  wrt///),  the  virulence  of  which   has  been  exalted   by 
fUMge  through  the  gtunea>pig.    There  is  a  slight  local  disturliancc,  and  in 
Uimals   immunity  is   now  developed   against    infection    with   ordinary 
mlturcA.     Tlii.-»  method  has  been  widely  applied   to  man  in   India,  and 
aUo  in  Jafuui.  and  ap{)aruntly  in  eflloient  against  natuial  infection,  though 
tiiff  iminuiiity  seems  to  jniss  off  in  about  a  year.      It  is  difficult  to  arrive 
4t  any   conclusion   as   U)  the  cauac  of    the   active    immunisation    tfius 
obtaiaecL     KoUa  and  Martini  (165)  studied  the  properties  of  their  own 
wrama  before  and  after  inoculation.     They  found  on  injecting  semm,  taken 
4ft«r  inocuUtion,  along  with  cholen*  vibrios  intraperitoneally  in  guinea- 
pigs  that  the  bactoiia  tniderwcnt  ilcgenerativc  microscopic  changes  and 
the  aniniid«  survived.      From  this  indirect  evidence   they  inferred  that 
their    Rcruni   ha^l,   by    lliv   inoculation,   acquired    1  meter icidal    propertiis. 
No  direct  evidence  of  tho  presence  of  a  bactericidal  action  in  the  serum 
of  raccioftted  persons  boa  been  adduced  ;  but  PfeifTer  and  Wassermann 
<38l)   eUte    that    the   serum   of    persons   who    have   recovered    from 
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cholom  ahe^'a  Hiile  bactei-icidal  action,  and  in  fact  in  this  reaped* 
diflurs  from  oitlinary  seniiu.  Bordot  (34),  working  with  immun^ 
serum  from  the  goat,  shewed  thai  here  chere  was  considerable  Ink?* 
Leriuidiil  action,  and  that  lliiH  wils  due  to  the  ('ornl)ineil  action  of  & 
tbermostablo  biKly  doveh>pod  during  immunisation  and  a  Ihermolabile 
subataiice  nuroially  present  in  thu  serum  of  the  iuniuuised  aitimal.  In 
fact,  this  obdcnation  was  tho  8tJirtiii^-|M)int  for  all  the  modem  wurk  on 
the  action  of  immune  body  and  complement.  Even  if  fuixher  inquiry 
shews  that  the  serum  of  an  itidividual  iiioculatal  in  the  onlinaxy  way  is 
lMu;tericidal,  tho  efliciiey  of  inoculation  i-^  nuL  explained.  Cholera  in  man 
is  a  disease  chiefly  marked  by  intoxication — tho  bacteria  being  contined 
to  the  intestinal  lumen.  Now  Soliernheira  (314)  Iki^  ahewn  that  guinea- 
pigs  immnniaed  in  the  ordinary  way  against  intraperitoneal  infection  still 
succumb  to  infoution  by  way  of  the  intestine.  In  these  circumstances  it 
mi;u;lit  I)e  considered  that  immiuiiHation  develojwd  antitoxic  capacities  in 
the  imrnuniat'd  animal,  but  of  this  there  is  no  con\*ineing  evidence. 

Antlplague  Inoculation. — We  have  seen  that  Yersin,  CalmL'tte,  and 
]^in-til  shewed  that  a>iiniaU  could  )>tt  prolectetl  against  plague  liy  active 
immunisation.  The  motho<l  has  been  extended  by  seveiut  olMervers 
to  the  case  of  tuan  when  circumstaDces  arise  in  which  he  is  likely  to  bo 
exposed  to  infertion  by  the  caus:d  bac^illus.  Th<)  details  of  the  imtntitiisA' 
tion-procc&sca  ditler,  but  in  nil  cases  the  matenal  ittjectod  consi.^ta  of  the 
dead  Itodies  of  plague  Uiciili  or  sidistances  extracted  from  the.se  Imcilli. 
A  very  slight  illniss  follows,  and  to  jud^^e  fi'oni  the  rejiulls  of  Hatl'kineV 
(139)  method,  which  has  been  widely  applied  in  India,  not  only  ia  the 
incidence  of  plague  casos  less  in  tho  inoculated  than  in  the  uninocu luted, 
btit  xvhen  the  latt^jr  are  attacked  the  dcJilh-rate  is  lower.  Though  the 
protection  thus  afforded  is  not  absolute,  and  though  tho  duration  of  any 
resistance  devt^loped  is  proUiby  limited,  there  is  no  doubt  that  by  inocu- 
lation methods  the  ravages  of  the  disease  can  to  an  appreciable  extent  bo 
diminished. 

As  to  tho  probable  nature  of  the  process  at  work  in  tho  body  it  ia 
imjKissible  to  sjwik,  hut  it  may  be  recalled  that  Sir  A.  E.  Wright  and 
Cupt.  DfHigbia  found  normal  human  sorura  to  be  non  bactericidid  towards 
the  liadllus  jisstiji ;  an<l  Sir  A.  K.  Wright  and  Capt.  Windsor  (377) 
ttxamitiLHl  ttie  scrum  of  the  Hrat  named  two  years  after  a  UulVkino 
inocuhition,  and  also  found  no  iMictericidal  effect  present. 

I>r.  Klein  (157)  has  usefl  for  the  protective  inoculation  of  animals 
dried  material  from  necrotic  nodules  from  ^lineapigs  dead  of  subacute 
pl:k>i:uc  ;  according  to  this  ohsei-vor's  view,  such  material  contains  special 
toxins  mannfactureil  by  tho  plajjue  bncilli  only  in  tho  tiMsues,  and  he 
claims  for  the  VACcin  greater  efficacy  than  that  possessed  by  the  dead 
bodies  of  IjjiciUi  from  cultures. 

Antityphoid  Inocalation.  —  The  principle  of  vaccinating  animals 
against  the  eM'cct^  of  infection  with  the  typhoid  Uicillns  has  been  extended 
to  man  by  Pfeiffer  and  Kolle  (279),  and  indoiwuduntly  and  much  more 
extensively  by  Sir  A.  fcl.  W'right,  who  in  1897,  in  ciinjunction  with  Major 
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gcmple  (976), publiahod  the  lirst  detailed  papurof  n^vrieaof  inemuirHon  this 
wbject  Tho  moihod  employed  consists  in  using  liouilloti  cultmus  gioun 
(or  lhre»  wcek>.  at  37^  C.  and  ihoti  killed  ut  60' C.  Tht-  su-nlisjilioa 
hn^ins:  bwiti  iirovcd  to  he  etrucliial,  'fi  to  1  5  c.c.  of  the  Huid  is  iiijeclud 
^  I'ltrmically  into  the  person  to  l»e  protected.  Slight  indisjH)siiioh 
lin  i.ir-i  the  vuccinutioii,  and  ihure  can  ho  no  douht  that  this  ali'ords  ;i 
ruTf  definite  degret'  of  protection  againHt  natural  infection.  Though  in 
iMilAud  ioBtanc^>8  uo  beneticial  oflect  ctin  ho  traced,  there  is  no  douht 
fmtu  a  considerHtiou  of  htrge  niassoH  of  st-atUtics  (367)  such  as  thoBe 
ftirTu<lir«)  during  tho  South  Afriam  \V;u*  (1899-1902),  tlmt  the  incid- 
mv  iif  the  disrnise  ia  less  amongiit  tho  inocuhitpd  than  amongst  the 
u:i:ij^Kti!at<;*(L  Hero,  as  with  pljij|,aic,  ch*'  ]>rotectinn  is  not  aliKolnti! — 
wA  Lwidy  so  absulute  ofi  in  vaccination  against  smuUpox — but  even  when 
tfphoid  fever  occiire  in  an  inoculated  [jemon.  the  risk  of  death  ia  un- 
(krtibtedly  lesa,  and  there  is  evidence  that  the  uianifcfitationd  of  the 
iliviL'i<'  artv  less  severe.  The  durution  of  the  partinl  immunity  varicii ; 
Nr  A.  R  Wright  (366)  puts  it  down  lu*  at  l«i»t  thi-ee  years,  hut  in  some 
oiM  ihe  perioil  proVwildy  i^  shorter. 

Sir  \.  K.  Wright  has  invtstignled  the  stuontific  conditions  of  his  pro- 
tective inoculation  against  typhoid  with  a  tboroughncsa  luid  exactitude  of 
tKhiiii^ue  such  as  have  not  ohtuirn^d  with  Immimisation  against  any  other 
diwae.     He  haa  thus  laid  the  basig,  not  only  for  the  elucidution  of  the 
^xtul  proccsHcs  at  work  in  this  p;iiti<-u]ar  e.use,  hut  for  oomparii^onH  with 
Ihf  phenomeiift  of  other  immunisaiiona  such  us  are  nece«Kaiy  to  the  fornm- 
'klion  ol   the  principles  uiHierlyinjL;  immunity  in  general.     Aniojigat  the 
Vorr?  important  result^}  ohtjiined  with  regard  to  typhoid  inoculation  is  the 
H — ohserved  by  the  use  of  a  special  metho<i  (359)  of  wide  apf»licahility 
tliat  tho  serum  of  most  men  exhibits  a  very  detiuite  bactericidal  action 
tlic  typhoid    liaeitlus,  and    that   a   delinitc   rise  ui  this  haeltiriL-itlal 
*»"p  iisunlly  follows*  inoculation  (364).     This  increase  Sir  A.  K  Wiighl 
fi  s  the  |x)sitive  i»ha.se.      Jn  certiiin  cjtscs  the  rise  is  precetlcd   by 

J  ^  the  bactericidal  potency  normal  to  the  inilividual,  which  he 

fjvafcs  o<   as  the  occurrence  of  a  negative  phase.     The  cause  <tf   the 
Wi.'ative  phase  is  not  clear,  but  it   has   l«en  observed  when   the  inocu- 
\m*A  individnal  has  suffered  a  greater  degree  than  usual  ol  illness  after 
the  inocutaiion.     This  shows  tho   necessity  for  a   cjireful  regulation  of 
lius'ige,  the  tnore  so  that  the  use  of  a  fairly  large  dose  of  vaccin  followed 
ity  a  pninoiiiiccd  negative  phase  wjis  observed  by  Sir  A.  E.  Wright  in  one 
jtuftjinee  in  hi.'^  own  blood  not  to  Iw  followed  by  a  jjositivc  pliase.     Tho 
ocrumince  of  a  negative  phase  may,  there  is  some  evidence  to  au|>poso, 
icate  an  increased  susceptibility  to  natural  infection  while  tht*  j)ha8c 
and  thus  it  is  important  to  inocidate.  if  potisihie,  at  a  perioii  when 
Tlie  individual  in  not  hkoly  for  cioine  little  time  subsequently  to  be 
ex^Hiscd  to  infection. 

With  regjii-d  to  the  jiart  played  by  the  iKict^ricidal  power  of  the 
terum  in  killing  invading  bacilli  and  thus  preventing  infection,  Sir  A.  R 
Wright  siHuOfs  with  caution,  as  he  has  found  evidence  of  an  inocuhition 
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being  still  protective  nt  a  period  when  the  poaitivfl  buctoricidAl  ptuise 
come  to  an  end,  though  of  course  in  the  gruat  miijority  of  cases  a  definil 
natiinil  iHicterioidal  capiu'ily  would  remain  (the  degioo  of  this  cai>acity  fi^ 
froquontly  present  in  man  must,  however,  in  many  cobob  be  insufficient  it 
protect  against  mUur.il  infection^  While  unable  to  assign  the  exaetf 
sigin'Kcance,  in  relation  to  immmiity,  of  the  presence  of  u  highly  bacteri- 
cidal serum,  Sir  A.  E.  Wright  appears  to  be  of  opinion  that  in  a  given  caw 
of  typhoid  fover  the  possession  of  such  a  serum  augurs  well  for  a  fa\-oiir* 
able  iftsue  Lo  tho  discaec.  It  must  he  recognised  thut  in  typhoid  fever  the 
proce^  of  tho  successful  combat  of  the  body  against  infection  is  a  complic- 
ated one.  While  the  agglutinating  capacity  of  the  serum  cannot^  as  we 
have  already  seen,  be  correlated  with  the  development  of  immtmftyj 
may  act  as  a  sulisidiary  factor  in  the  killing  of  the  bacteria.  Ag;uri.i 
have  seen  that  Sir  A.  K.  Wright,  in  hia  work  on  opsonins,  has  tnicu<l 
opsonic  effect  in  human  sonmi  towards  tho  typhoid  bacillus.  All  thtise 
factors  may,  together  with  a  t'Oleranco  to  lacterial  toxins,  play  a  part  in 
the  resist-nnce  of  the  imlividual  to  infection  and  in  llie  rccovoiy  of  the 
individuid  who  is  tho  subject  of  infection.  We  cannot  at  present  reJitta*' 
which  factor  may  be  the  most  important  We  do  not,  for  insUince,  know 
the  significance  of  the  constant  escape  into  the  gencnil  circulation  of 
bacteria  from  the  locidly  situated  main  site  of  pathological  change.  Such 
escape  does  always  t"ike  place,  as  is  shewn  by  the  constant  occurrence  of 
bacilli  in  the  spleen  and  other  solid  organs ;  but  we  do  not  know  how  the 
escape  t^kes  place  or  whether  it  is  the  bacilli  in  the  Pej'cr's  patches,  or 
the  b:icilli  which  pass  into  the  body,  which  are  mainly  responsible  for  the 
metabolic  iqtset  characteristic  of  the  disease.  Wfi  cannot  wiy  whether  a 
great  tolerance  to  typhoid  toxins  or  an  increase  of  the  bactericidal  ca[)acily 
of  the  l><><ly  is  in  reality  the  more  important. 

AnUstaphylo coccus  Inoculation. — In  the  diseaseA  hitherto  cottsidei-ed, 
the  general  object  of  the  measures  of  immunisation  which  have  been 
devised,  has  been  to  develop  in  a  healthy  in<iividual  a  resistance,  so  that 
when  he  is  snlisequently  exposed  to  infection,  cither  no  disease  may  result 
or  the  disease  may  occur  in  a  mitigiited  form.  The  only  exception  to 
which  this  statement  is  subject  is  in  ihu  case  of  rabies,  in  which  the  natumi 
periixl  of  incuhjition  is  taken  advantage  of  for  applying  what  is  appar- 
ently an  immuui^ation-i)rocesB.  Sir  A.  E.  Wright  has,  however,  brought 
forward  evidence  that  in  certjiin  ca^e^  in  which  a  dofinito  infection  alroady 
exists,  the  resistance  of  the  b<«1y  to  that  infection  may  be  increased  by 
an  immiuitsation-process  consisting  in  tho  injection  of  dead  bacterial  cells. 
The  itifections  in  whicli  he  has  applied  the  principle  are  conditions  in 
wliich  tho  morbid  changes  are  already  clearly  Iocalifti.»d,  or.  to  quote  his 
own  words  {3ri.S).  '*  where  we  ha^o  to  deal  with  loL-alist*d  Iwicterial  invasions 
associated  with  inHumnuition  at  the  sit«  of  inoculation.  The  situation  is 
here  entirely  different  from  that  which  h*w  to  l>e  confronted  in  septicemic 
disease.  On  the  one  hand,  tho  conditions  aVe  here  alremiy  unfavounible  to 
the  invasion  of  the  blood-stream  by  micro-organisms,  and  there  is,  on  the 
other  hand,  a  considerable  uncalled-on  reserve  of  resistance  on  the  part  of 
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tht  orguusm.     We  have  to  donl,  in  fact^  with  a  trituation  not  altogether 

uiilike  ttuit  which  ohtiiins  in  the  cuse  of  alreiuly   partially   iutmiuiised 

L u'n.  .  ,  ,       The  fii-st  scries  of  iiJectiona  to  which  Sir  A.  K  Wright 

,  ;i73)  upplied  this  principlo  were  the  nrnltifurious  nuitn'festa lions  of 
i^ivtucoccns  int'ecliuri  which  iirt;  prusonteil  clinic-ally  in  forms  of  fnmn- 
-w^i-,  ivcuaia,  acne,  recunont  boils.     In  aevcnil  cases  of  tliis  kind  a 
Tcrr  marked  improvement  has  foilowwl  vaccination  with  killod  culture*  of 
1^  tUphvtococci  iroIhUhI   from  the  leniona.     The  success  of  such  treat- 
tmt,  boweviir,  wholly  di:i»ends  on  strictly  following  out.  the  general  prin- 
n'     laid  down  by  Sir  A.  K.  Wright,  naracly,  that  the  aim  must  he  t» 
"IN  in  the  v:iccinutcd  individual  an  incnmi^LHl  resittUince.     In  dititi^  thia 
n  ia  til  l«j  rememhered  that  every  biictcrijil  injection  may  bt>  and  oftt-n  is 
foIlu*«l  by  a  diminution  of  resiutance — the  negative  phufte,— that  this 
p/ii&^  ought  i!i  the  ordinary  coursti — if  the  rufiources  of  tlie  organism  l>e 
M  oversirainfHl — to  ho  followed  by  a  positive  phase  of  greatly  increnspd 
niii«rAnce,  which  in  turn  iii  followed  by  a  tall  from  the  miiximum  of  thia 
{iQRfiive  phase  to  a  luvei  which   is  higher  than  that  present  before  the 
raorinution.     Sui:h  a  course  of  reaction  represents  a  successful  vaccina- 
tion,     ill  caaea  in  which,  ha  usually  happens,  re|wtitions  of  the  injections 
in  recjuirod,  these  must  be   praolisetl  aft<;r  the  (Misirivo  phase  is  well 
blished.     They  must  on   no  aecount  be   given  during  the  negative 
as  a  still  further  ilrop  in  rvKistancc  wonid  tlmn  lake  place,  and  this 
y  bo  nceompunicd  by  an  aggravation  of  local  manifesUttions.     It  is 
evident,  then,  that  such  inoculation-procedures  must  be  controlled  by  con- 
stant olMcrvation  during  the  course  of  the  trt.\'itnient,      in  the  case  of 
ftUpfaylocuccuit  infection  the  observations  must  be  directed  to   periodic 
»tim:itiona  of  the  o|i80iuc  power  of  the  serum.      Sir  A.  K  Wright  find 
Capt.  Douglas  (373)  have  shewn  that  in  sUiphyloc occur  infections  the 
ojiiiouic   p<jwer  nf    the   blood   is    loss   than    that  oi  "healthy  individuals. 
Ihinn^^  immunisation  the  opsonic  index  shouM  ii;tss  through  the  phases 
ileamhed,    and    ultimately    become    higher    than    tlie   average    normal. 
With  lUin  increase  of  opsonins  in  the  blootl  the  local  infections  become 
la«  irequent  and  U^sa  severe,  and  ultimately  in  many  esses  completely 
poar.      With   reganl  to  this  utilisation  of  the  opsonic  index  aa  a 
ol  the  progress  of  an  immunisation,  wo  may  say  that  its  value  as 
CDch  is  not  atVeclvd  by  atiy  ditferenoe  of  opinion  ob  to  the  ultimate  nature 
o(  the  ofjsonir  reaction. 

Anli tuberculous  Inoculation. — The  intro<luciion  by  Koch  of  his 
second  form  of  tuberculin  (which  he  called  "  tubercnlin-K  ")  constituted 
■inite  a  new  departure  in  his  method  for  the  treatment  of  tulierculosis. 
W         '  t;d  form  of  tuberculin,  as  we  have  seen,  the  ellect  produced 

ij,  .  ly  on  the  toxic  action  of  a  bacillarv'  cxtnict  mechanicully 

<lMacbing  tn,.  ti^^ue  which  contained  the  infecting  orga"ni.*ms.  Tht? 
method  of  application  of  the  tnltercnlin-K,  on  the  other  hand,  was  calculated 
Kj  bring  atiout  nn  active  immunia;ition.  The  composition  of  the  new 
tdberotlin-K  differed  from  that  of  the  orijiinal  snbstjince  in  that  it 
oooustad   essentially  of  the   disintegrate<l   bacillury  protoplasm.     The 
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iinmutii&atioii-muthoii  thus  Fulls  intt>  line  with  tho  procudiiruH  atluptcf]  intU^ 
cases  already  dUctisiictl.  The  technique  was  the  ustuil  tme  of  jiduiiiiistering. 
at  iutervaU  gnuliiuUj,'  iiicrcjising  aiiioimts  of  ibo  I^acterial  piwluct.  Th^ 
want  of  8iicc'eK8  attending  tho  use  of  ihu  original  tulicronlin  caui>od  th^ 
new  method  to  he  looked  at  askHooc — tho  more  so  that  thoro  wan  not  «» 
frank  recognition  of  the  entirely  new  principles  that  underlay  the  ne^^ 
treatment.  Tho  treatment  hits,  however,  cecuiv^d  .1  fair  trial,  thongtx 
opinion  as  to  its  efficacy  has  varied.  Recently  Sir  A.  E.  Wnght  (370  j,  iri 
working  at  the  subject,  h.iis  taken  up  the  general  position  that  many  cu»es 
of  tuberculosis  can  be  iticbidod  among  tho  local  infections,  in  which  it  is 
possible  so  to  raise  the  resistance  of  the  organi^im  as  to  cause  the  infec* 
tions  present  to  di^ippejir  and  to  prevent  new  infection.^  from  developing. 
Ho  has  fui'thor  appiietl  his  methods  of  investigation  to  the  immmiisitioo 
procedures  involve<i,  and  has  brought  forwanl  facts  indicating  that  it  may 
]fe  possible  to  follow  with  greater  exactitude  the  eiFeoU  of  the  tubercuhn 
injections,  ami  thus  to  ensure  the  rejection  of  cases  in  which  their  applica- 
tion is  likely  to  do  more  barm  than  good.  The  great  didiculty  in  the  prac- 
tical appliciLtion  of  the  new  tubei'culin  has  been  that  in  certain  cases  where  it 
lias  been  injected  an  aggravation  of  spnptoms  has  taken  place.  Xo  me.'ini 
were  available  by  which  tho  effects  of  the  injections  could  be  controlletl. 
An  attempt  which  was  made  to  Ao  so  by  observing  the  effects  of  anti- 
tubcrculons  immunisation  in  developing  in  the  treated  individual  an 
agglutinating  serum  w.is,  as  it  was  Ix>und  to  he,  unsatisfactory,  for,  as  wo 
have  seen  and  as  lias  been  racognised  in  connexion  with  the  prognostic 
flignificance  of  the  scrum  reaction  in  typhoid  fever,  agglutination  pheno- 
memi  are  not  capable  of  direct  correlation  with  the  phenomena  of  immu- 
nisation. Sir  A.  K.  Wright  and  Ca]H,  Douglaj*  (372)  hold  that  a  much 
surer  method  of  following  tho  progress  of  an  antitubcreulous  immu- 
nisation lies  in  the*  observations  of  the  opsonic  captu  iiie^  of  the  seninx. 
Great  cai'e  is,  however,  necessary  in  interpreting  such  observations.  (See 
Wright  and  Keid  {'MhV).)  In  tuberculous  patients,  with  tho  disease  in  a 
strictly  localised  form,  the  opsonic  index  is  often  low.  Bat  when  tho 
tuberculous  process  is  active  then  the  opsonic  irulex  may  occasionally  ho 
high  and  is,  generally  speaking,  irregular.  In  cases  of  loadised  IuIht- 
culosis  trejited  with  new  tuberculin  the  opsonic  index  is  oflon  raised. 
The  characl eristics  of  tho  reaction  following  injection  are  of  Uic  same 
kind  as  have  l>uen  observed  in  oth«r  cases.  There  is  the  occum*nco 
Bometinies  of  a  negati%'e  phase,  succeeded  by  a  positive  phase,  sometimes 
of  a  |)ersi-*tent  negative  phase.  Sir  A.  R  Wright  (368)  ])oints  out  that 
it  is  easier  to  get  an  acunnilation  of  negative  phases  than  an  accumula- 
tion of  |»sitive  phnses,  and  tlius  inoculation  agiiinst  such  an  infection  as 
tuberculosis  produces  a  very  different  degree  of  response  from  what 
occurs  in  immunisation  against,  say,  diphtheria  toxin.  Thus  tho 
physician  ought  to  "treat  each  inoculation  as  an  inde[)endent  event," 
to  be  content  with  obtaining  a  sim[»lf^  f>05itive  phase,  and  not  to  aim 
at  a  high  degree  of  immimisation,  for  this  is  impossible  to  attaiiL 
Tt  follows  that   the  prineiplo  of  gmdujdly  increasing  the  dosos  of  the 
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fmrnnaisiiig  o^nt  must  in  the  case  of  tuberculin  injctctiona  be  abandoned, 
4wi.  u  a  mutter  of  fact,  Sir  A.  E.  Wright  uses  tor  sut'coaaive  inociila- 
twtu  only  from  ,Tj*o-jth  to  ^\^K\\  of  a  millignimmi'  of  the  tul)erculin-R 
jwwder-^sucU  being  a  very  enmll  (ioHe  wlun  coniiMiml  with  thorte  which 
»p  <i(iiDetimea  aiiniiiiistered.  A  nnmbor  of  eaais  h.ivc  been  recoitled  by 
Sir  A.  K.  Wright,  Dr.  Bullot-h  (5»),  find  others,  in  which  atU'ntion  to  the 
i%tf\  of  every  purticular  tubt'ruiilin  injiM:tiun  pnicliseti  has  Iwen  followed 
by  &  permanent  improvement  of  the  disease  manifestations. 

Wo  have  already  |)ointed  out,  when  speaking  of  Sir  A.  E.  Wright's 

toHcon  opsonins,  thai  the  ckiracters  of  the  local  bacterial  int'ection,  as 

dina^iUhorl   from   ihe  general   bacterial    infection,   must   be   carefully 

MDodered.     There  ih  here  involved  on*;  of  the  mast  ditticidt  problems  of 

ioficction.     Sir  A.  E  Wright  has  put  forwiird  a  view  to  oxjilain  why  the 

Action  of  bacteria  at  one  time  may  be  localised  and  at  another  general. 

He  <Ukj8  not  accept  the  view  of  MotchnikofT  that  the  comlition  of  the 

Woofl^orum  docs  not  represent  the  condition  of  the  blooflpla.sma,  and  he 

rwt^  his  attitudu  \va  to  the  explanation  of  localisation  of  bacterial  action 

IB  the  fjici  thai  Itficteria  may  multiply  in  one  region  of  the  boiiy  when  the 

fluids  of  the  rest  of  the  body  are  strongly  antagonistic  to  their  vitality ; 

be   and    his   co-worker»    have   shewn    that    the    fluids    present   at   the 

focus  of   liacterial  growth  arc  actually  often  poor  in  mich  anta>^oniBtic 

|in>pertie&.     He   and   Major  L-vrab  (375)  foiuid   this  \k>  hold   goorl   in 

typhoid   fnver,  in  which  the  spleen,  which  i8  a  uite  of  active  bacterial 

multiplication,  may  be  specially  poor  in  agglutinins,  and  similar  fnctj*  are 

true  ol'  the  o|j8onic  capacities  of  the  tluids  derived  from  local  manifeata- 

tkma  of  tuberi*ulou8  and  other  infections.     The  view  put  forward  is  that 

orguiismfl  grow  in  regions  where  the  bacteriotropic  presfiure  is  low,  i.e. 

where  antibacterial  substances  are  either  ahsont  or  reduced  in  amount. 

Biirt«ri»  gaining  entmnce  into  the  subcutaneous  tissues  of  the  body  will 

meet,  in  the  lymph,  antagonising  substances.     If  such  materials  are  not 

sufBcient  to  kill  the  organisms  outright,  then  the  hitter  will  absorb  what 

antibact-eriiil  substances  there  are  present,  and  thus  render  thy  surrouml- 

Ing  lytnph  deHcicnt  in  such  iKxiies.     The  bacteria,  not  being  killed,  wnll 

multiply,  but  if  they  wander  Iwyond  the  forus,  they  will  corae  in  contact 

with   lymph  of    higher  bacteriotropic  pressure,  and   will   be  subject   to 

Ijocteriiil  influences.     There  may  thus  bo  conceived  a  focus,  in  the 

itre   of   which,   there   Iwing    no   antibacterial    bodies,  great   lxtct4.Tial 

Itjplieation     is    possible,    while    at    the    periphery    the    antiliacterial 

itent  of  the  Hiiifis  rises  in  amount,  and  is  great  enough  to  kill  any 

imUteil  bacteria  which  may  |Hiss  out  from  the  centre.     If  the  peripheral 

are  insufficient  to  kill  the  buctena,  then  a  general  infection  will 

There  may,  however,  be  an  ubb  and  How  in  the  dovelojmient  of 

^e  general  antib.'LOlcrial  jwwers  of  the  boily.     A   tcmponiry  escape  of 

bactervi    from   a   nidus — the   auto*inoculation    of    the    hodv  —  mav    bo 

follovrod    by   a   reaction   causing  an   increase,  and   .successive  wuves  of 

exaltation   and  depression,  a^  observed  in  the  opsoiuc  index  in  tuber- 

cnlocii,   may  occur.     Whatever   the  explanation,  there   is   in   the  local 


tiBsue-proliferation  around  a  bacterial  focus  a  zoiio  of  posi«tanc«  whii    

ai)pearH  concerned  in  the  proventiou  of  the  spread  of  bacterial  growijf*- 
Tlie  exisLcnce  of  a  |>orio<l  of  ulwut  48  houi-s  of  danger  after  a  woun^ 
where  danger  of  infection  exists  is  still  unexplained,  but  it  is  signiHc. 
that  the  danger-period  ends  abuut  the  time  when  granulation -tisa 
begins  to  fuiTU,  and  it  ia  sigriiticuut  that  oven  in  a  siiMteptihlo  ani 
anthrax  bacilli  may  bo  laid  on  granulation- tissue  without  infecti 
occurring. 

Our  reason  for  inti'orUioing  thcs^t  considerations  here  is  on  account 
their  bearing  on  vaccination  against  tuberculosis.     In  this  disease  th 
iS|  according  to  Sir  A-  K  Wright,  in  the  tuberculous  nidus  a  deticiency 
opsonic  power.     If  the  opsonic  power  be  increased,  then  phagocy 
will   occur,  and  a  death  of  the   bacilli   will   take   place.     The   opson 
jwwer  of  the  l>«ly-fliiiilrt  can   often   Ije  increased   by  tuberculin  injec 
tion  properly  controllixl.     The  gradient  between  the  general  tM:»dy-Huiik 
and    those   of   the   local   nidus  will    be   steeper   than   usual,   and    th 
more  opsonin  will  enter  into  the  nidus  with  the  efl'ect  dest'ribctl.     B 
the  opsonic  content  of  a  nidus  can  alno  l>e  raised  by  stimulating  the  flo 
of  lymph  through  the  pait.     This,  according  to  Sir  A.  E.  Wright,  probaU 
is  the  rationale  underlying  the  Kuccess  of  methods  which  surgery  h 
empirically   practiced  since  the  earliest  times.     These   include  conn 
irriUition  in  all  its  forms,  such  methods  as  retanling  the  flow  of  bl 
through  a  limb,   massage,   the  opening  of   tuberculouH  eavilie^  e.g. 
perituneum.     A  similar  process  may  lie  responsiblu  fur  much  of  the 
eHect.s  that  follow  the  opening  of  an  ohlinary  alwcess. 

With  re^anl  to  lulwrculosia,  v.   Hehring  <20(i),  in   1905,  announ 
a  new  product  of  the  tubercle  bacillus  which  might  l>e  used  for  vacci 
tion.     So  far  as  can  be  made  out,  this  essentially  consists  of  biicilli 
which  all  the  toxic  materials  have  been  extracted,  but  up  to  the  prea 
details  are  wanting. 

Vaccination  in  other  Local  Infsctlons.^It  is  plain  that  the  pri 
ciples  discussed  are  not  liiuitt'd  in  their  upplicability  to  tuberculosis 
staphyloceus  infections.    Sir  X.  E.  Wright  (368)  has  treated  uises  of  li 
infection    by  sucli    organisms  as  the   /)'.   ro/»,   Mirrorocais  nuliUmm^ 
the  gi)nrHM>c^cu»  on  KimiUt  lines. 

Artificial  Leucocytosis  In  Pi*ophylaxls. — An   jotificial  Icucoc; 
can  be  caused  by  the  injection  into  an  animal  of  a  number  of  agontA,  t. 
ghitencasein  (aleurone),  nucleic  acid,  and  even  noimal  saline  solution 
and  as  the  leucocytes  appear  to  play  an  important  part  in  the  kiliii>g 
bacteria,  it  has  been  su^ested  that  such  a  leucocytosis  nn'ght  cnmKat 
bacterial    invasion  when   such  was   likely   to  occur.       Mikulic/'l^i 
(3(1)    has    shewn    thut    aji    nrtificial    hyptirleutocytosis    in    guinea-pigs 
iucroasos  their  resistance  to  H.  roii  infection,  and  bu  has  tricnl  the  ejects 
of  causing  such  a  leucocytosis  in  man  by  the  subcutaneous  injection  of 
about  50  cc.  of  a  i  per  ci^ut  to  4  per  cent  solution  of  neutralise*!  nuclei 
iLcid.     The  subject*  wore  individuals  who  wero  (twelve  hours  later)  to  fc 
the  subjects  of  serious  abdominal  operations,  in  which  bacterial  infection 
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"Iran  u  opened  gut  was  possible-  The  results  appeared  to  justify  the 
pwaduTt,  hut  are  at  present  too  scanty  to  enable  us  to  judge  as  to  the 
nt]  nlue  of  the  method. 

Conclusion. — Looking  at  the  question  of  infection  as  a  whole,  we  have 
in  recognise  that  its  consideration  brings  us  in  contact  with  many  general 
JogicsU  questions.  It  is  suggestive  that  the  subject  of  immunity,  with 
'tlticfa  the  subject  of  infection  is  so  intimately  bound  up,  has  led  two 
gnat  obeerrers  to  the  same  conclusion,  namely,  that  the  bchaWour  of  an 
infected  organism  towards  the  infective  agent  depends  on  capacities 
^hirh  normally  arc  concerned  with  nutrition.  Certainly  in  the  future 
this  aspect  of  the  subject  must  play  a  prominent  part  in  the  investigation 
boih  of  the  prui>ertie8  of  cells  and  of  the  properties  of  the  body-tUiids  in 
infected  animal.  In  such  investigation  there  must  come  to  light 
^  true  meaning  to  be  attached  to  the  expression  *'  the  reaction  of 
the  orgnniam,"  which  is  so  often  used.  At  present  we  can  only  say  that 
io  thia  reaction  stimuli  are  applied  lu  protoplasmic  forces  with  vm'ious 
romiltfi.  Sometimes  these  stimuli  apparently  result  in  actual  motion,  as 
it  probably  the  cjise  in  many  motile  cells,  Hoinetimes  the  stimuli  cause 
tncreased  chemical  aetivity,  sonuaimeH  increased  reproductive  capacity. 
Id  tlie  operation  of  the«e  stimuli  there  often  appear  indications  of  what 
MemB  to  be  a  very  genenil  principle  iu  protoplasmic  activity, — a  principle 
illustrated  in  muscular  contraction, — namely  this,  that  up  to  a  certain 
Hmit  the  response  to  a  strong  stimulus  is  disproportionately  gicatcr  than 
the  response  to  a  weak  stimuhw.  Finally,  we  have  the  phenompnon 
00  frequently  ol»served  in  immunity  procedures,  and  wcW  illustrated  in 
connexiuQ  with  the  formation  of  antitoxins,  namely,  what  we  may  call 
the  etTect  of  the  summation  of  stimuli.  Here  we  have  the  phenomenon 
of  a  senes  of  responses  occurring  till  a  maximum  ofTcct  is  produced,  and 
followed  by  a  cessation  of  protoplasmic  activity  till  a  period  uf  rest  has 
intervened.  A  considemtiun  of  infection  forms  but  another  instance 
of  the  principle  tliat  pathological  events  are  to  l>e  only  understood  by  a 
consideration  of  the  general  hiologicid  principles  underlying  them.  From 
the  standpoint  of  pathology  generally  the  most  imporUint  lisjwct  of  the 
modern  work  on  infection  is  that  processes  have  come  to  light  relating 
to  the  interactions  of  the  bodily  cells  which  may  shed  light  on  other 
morbid  conditions  besides  those  caused  by  the  invasion  of  parasitic 
ftf^niflpig.  James  RrrcHiK. 
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Brif.oek.  SCtschr.  /.  Iltjij.,  xix.  101. — 15.  Idem.  Ucher  Itomaine,  Berlin :  Hirscbvald. 
1885;  WeiUrt  Cntersuehiini^en  ueber  Ptvmaine,  ibid.,  1885;  Cntcriuehun^en  tuMr 
Pt»ma\i\e,  ibid.,  1866. — 16.  Bkibubk  and  Bueu.  Ztnchr.  f.  Hy*}..  xxi,  259;  iJentteM 
i/wh/,  irehnsckr.,  1896,  No.  49,  p.  783.— 47.  BlilKURU  and  Fiiae.vkel.  Bert  ktin. 
tyehnschr,,  1890,  Noa.  11  and  12.  —  48.  Beiecihu  and  Mavkil  Deutsche  uud. 
JFrknsehr.,  1903,  p.  309.— 48n.  BuowNiNO  und  S.ifus.  Heri.  klin.  JKrAiucAr.. 
1906.  No*.  21.  22.— ta.  Burt  K.  ZisrJtr.  /  Ilyt/.,  xlvi  170  ;  xlviii.  113.- 
50.  Bui'iiSEH.  Arehiv/.  Hyj.,  x.  81;  xvii.  112.— SO^x.  Idem.  Munehen.  metd, 
n'chn^dir.,  1893,  pp.  419,  480.— 51.  Ide/n.  Ibid.,  1901,  No.  49.-52.  Idtm. 
Centralld.f.  BakUriol.,  xvi  737.-63.  Idem.  Ibid.,  viii.  321  ;  Centralbl.  j.  ChirHr^t*^ 
1890,  No.  50.-54.  Idem.  Iter,  der  Druiseh.  Chei/u  (ie,<iell$eh.,  xxx.  117.— 55.  BrjwiD, 
Centralbl.  f.  Bakteriol.,  iv.  19.— 56.  Bi*lt,octi.  ISrit.  Med.  Joum.,  1904,  iL  660.— 57» 
Idem.  CetUralbt.  f.  Bakteriol.,  xxix.  724.-58.  Idem.  I^tneei,  1906,  ii.  1603.— 69* 
Idem.  Tranx.  Jenner  Inst,  of  Prevent.  Med.,  2ud  Sorieu,  1899,  p.  46.— 60.  BllLOrH 
and  AtKiS.  Prue^  Boy.  .Voe.  Li»uion,  Ixxiv.  379.— 60n.  Bi(,i*>i  H  and  Wf^^tern. 
I*r(H:  Bvy.  Sor.  Z«i(rf..iSer,  H.,  Ixxvii.  631.— 61.  BrMM.  "Der  MUroorganirtnua  drr 
gonorrhoeisehen  Srhleiinhn.iU.%erkmnkitnfftn,"  Wiealiadtm,  1887  (2nd  <»d.)  ;  MUnch.  MetL, 
IFehttsehr.,  1886,  Xa  27;  1891,  Nos.  60,  51;  Centralbl./.  Gintak.,  1691.  No.  22; 
iriea.  Mtd.  Preste,  1891,  No.  24.-62.  Cauab.  Berl.  klin.  U'ehnMhr.,  1901.  N(X 
39,  p.  1028.— 63.  (.Ai.MEiTR.  Ann.  del'Iust.  PaMeur.  Paris,  ix.  225,  232.— «4.  Idem^ 
Ibid.,  vi.  160,  164  ;  viii.  275  ;  ix.  225  ;  x.  675  ;  xi.  214  ;  xii.  343.— 64a.  Idenu  Ibid* 
ix.  225  iji.  250). — 65.  lUm.  Le  wninde$  serjMRt»,—fi6.  Itlcm.  Cinquamtenaire  di  Im' 
Soe.  de  Biolog.^  1899,  p.  202.— 47.  Canalis  and  Moitt'uuao.  Fortschr.  der  Med., 
1890,  N"K.  18  and  19.— 68.  CANTAcrxfcNE.  Ann.  d^  I'lnst.  Pasfeur.  Paria,  xiv.  S78. 
— 69.  IdeuL  Ibid.,  xr.  273.-70.  CUANTEMtssK  and  Wiiiau  Ibid.,  vi  756;  vii. 
111.— 71.  Chauuim  and  Roi^ek.  Semaitte  mat.,  Pj»ri«,  1890,  No.  4.-72.  CuiiBEiT. 
Joum.  Path.  uHd  BiKterii't.,  E*Iin.  atid  Loud.,  iii.  327.-73.  Couhmost  and  DoYEX. 
Compt.  retyt.  sxx-..  hiol.,  Paris,  S^r,  ix.  I.  5.  pp.  294,  618.  714,  841  ;  Scr.  x.  t-  5. 
pp.  314.  527,  002.  751.— 74.  Chaw.  Pnx.  Itoit.  6W.  Liftut.,  8er.  B..  Ixxri.  179.— 76. 
IdetR.  JoMnK.  o/  II}f9.,-t.  113.— 76.  Dasv«.  Ann.  de  V Inst.  Patteur,  Paris,  xUi. 
156.— 77.  Idem.  Ibid,,  xiii.  568.-78.  DeaX,  G.  TVyhw.  Path.  A'<«.  lutui.,  U.  15.— 
79.  Idem,  Proe.  liotf.  Soe.  Land.,  Ber.  B.,  Ixxvi.  506.— 80.  DKLtEBXxr.  Compt.  rtnd, 
amd,  U.  nei.,  Pnris,  1900,  cxxx.  938,  1488.  — 81.  Dkmbikski.  Ann.  de  tluM. 
PatUar,  Paria,  xiii.  126. — 82.  pKMCWHand  van  Lint.  Bioehem.  Centraill.,  1904.— 53. 
DksTs.  Centralbl.  f.  Bnkterioi.,xx'\v.  685.— 91.  IhSYe  and  LirtEK.  La  CettvU^ 
xi,  175.— 85.  DrNYN  and  vav  he  Vr.l.i»E.  Ibid.,  xi.  359.  — N6.  Deittwii.  Ann.  de 
rinst.  Ptttteur.  VnTvt,  xiii.  689.-87.  IWjstTZ.  Dtutxhe  turd,  n'ehttaehr.,  1897.  No. 
27,  p.  42S  ;  Ar>-h,  intematton.  tU  Pharmaeodtn*amie,v.  135. -S8.  Idem,  in  Kolli;  and 
Was»eehasn.     Uandbueh  drr  patKoj/erver^  Mikro-vryamrtnen,   iv.    pt.    i.    570. 89. 
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lUiti.      Ih^uLwhr  uurd.  U'dtMfhr.,  1?9S,  J*.  597.— 104.   Idem,     IHe 
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•  i. }.— 105.     /'/*■«!,       Frrf.    AUh.    It'cJtnscftr.,    1903,    Kos-    35,     37.-106. 

K"HHf.i,,  Rnd   Wassehmann.     DfttftrA^  mcA.  H'cJinKhr.,  1894,  No.  16.  p. 
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-  '  -  ftfrl.  ilin.  irchnM^hr.,  1902,  No«.  14,  15,  pp.  297,  335  ;  gt'O  109,  p.  282.— 

Htrl    klin.    IfihHsrhr.,    1902,    No.    21,   p.  4ii2  ;    woo    109,    j\    303.-114. 

;,.-   ..      ...il.  Ilin.  nVAH*['Ar,.  1905,  pp.  .'V57.  609, — 115.   Ehklicii  and  WAa»EK3CANN. 

ZlwcM*-. /.    Hwj.,   xviii.    239.-116.    Eisknkkrg   and  Vulk.     JUd.,  x1.   155. —  117. 

Kmmcrich  and  Low.     Ibid.,  xxxi.  1  ;  xxxvi.  9;  Cmtralh!.  /■  BakUriol.,  xxvii.  776. 

— lis.  EruE  and  Wamiiuucilk,     Joum.  Fatii,  and  Bnrtenol.,  Edin.  and  Lond.,  ir. 

»94  ;   T.  15.— 119.   Kai.wink.     Bull.  Amd.  roy.  Beftjiquf,  1903,  p.  521.— llPa.   Kkrmi 

oAd  Salsaxo.     LVn/raihL/.  Bakterio/.,  xii.  21.— 120.   Feulkisen.     Die  ,iClwli>ffif  des 

Kr^wii^Js,  H^irliii,   U83.  — 121.    Kiw-HKU.     ZtscJtr.  f.  Jlyg.,  xw:  \.  ~\2'£.   KrEXNEit. 

(tmMTwVy  »/  /'eitnu'drttnut  Mrd.  Buff.,  Nov.   1902.  — 123.   Fi.F.XNKii   and  Noorcin. 

Jimm,    ErjK    MuL,    vi,    277;    f^nit'trnty    uf  PrMHintlmiHa  Mfd.    Bull.,   Nov.    1902; 

Jvmwn,   F^tJt,,    riii.    379;    J»nm.    Mai.   Brsrarrtt,   li.    363.— 124.     KuA   and    BoNOME. 

2knfcr.  /  ffv'j.,  V.  415.  —  125.  Fma  and  Si;.kBl.\.     (Jaz.  mrd.  di  Torinv,  1892,  Noa. 

IS,   14.  1*.— 126.   Foiip.      Tram.   Abkoc.  Amrr.   Phynicians,   xv.  389.  — 127.    FitASEft, 

Frwc.  Say.  Soe.  K>ti».,  xx.  418;  Brit.  M<d.  Joum,,  1895.  f.  1309:  it.  415.  416:  1896, 

L  »57;   iL  910;  IS97.   ii.  125,  696.-128.    FniEUDEROEJt.     CfMndhl.  /.  Bnkterivl., 

Orig.»    xixvili.    644.  —  129.    Vv\k.      VmtruUd.   /.   Bakteriol,    xxvii.    670.  —  130. 

<U«»Ii»c«r.w.-iKi.      Antu    dt   I'lnsf.    Airf-.Mr,    Paria,    viii.    673. —  131.    (JAKUTNEn. 

A-.-.'.r  r  /fi/y..  xiii.  101. -132.  t;AMALr.iA.  AHii.de  t'lusi.  t'uttrur,  Paris,  ii.  440. 
-ViER.  find.,  xi.  767.— 13S*J.  O.VY.  Ann.  de  final.  Past,  xix.  693.— 
r.      Ihtd.,  xHi.  642.-185.   Idem,     find.,  xv.  68.-136.  hlevt.     Ibid.,  xv. 

-  -       iiT.  GoWEKs.     JfigeaAfS  a/  the  yervoiis  Sf/nUm,  2nd  ed.,  ii.  913,  London,  1893. 
I    ■    Oftrtip.ii  and  TMiiiiam.     MtiHfheH.  vied'  U'ehu$ehr.,  1896,  pp.  206,  285.— 139. 

BHt.    Med.    JifurJi.,    1895,    ii.    1541;    Itey.   Stinit.   Comntianw*,    India, 
»  -95.^140.  Hahn.     Arch./.  Hy<i.,  xxv.  105;  xxviii.  312.— 141.  Idtm,  in 

k-.  .  _  -..'.  \Va»w«BR>*\NN.  ilniulbueh  drr  jHithiujcnm  .Ifikro-tfryitnittncn,  jv.  266.  — 142. 
HxLtixWK  Joum.  Vhtfuiof.,  XXV.  295  (s<w  p.  297).  — 143.  Haldane,  MAnriK,  and 
Thuxav  li^.  to  the  Sfcretarp  of  StttU  fi/r  the  Home  Pept.  on  Ih^  Ur^UJt  of  Cornish 
UimrT%  n.M.  StatlomTy  Office,  1004.— 144*.  IIankix.  CmtralbL  f.  BitkttrioL.i'K.^Zfi, 
»72,— 145.  id'ui,  Ihut.  lii.  777,  809.— 146.  n<.»iR.  ZtM-hr.  f.  y/j/;;..  1.  541.  — 147. 
ttrirmu  J>mm.  Phj/tiof.  L'md.,  .xxxii.  325,  326.— 148.  IsHAEKF.  'jCta^hr.  f.  //v»/., 
«t1  3*7.-149.  JoiJK  Piid..  xix\*i.  422  ;  il.  203.-150.  Idem.  CeulrnW  f.  Snktrriol., 
Ott^,  xxxiii.  76Z  -  151.  .li<iiiiEN«KS  and  SLii»»EN.  Fcalskrifl  iw/  JndcicUenaf  Slulats 
Serum  Inttttut,   Copcabagen,  1902,  Conlribotion  vi.— 152.  Kantiiapk.  quoted  by 


J96 


sysTEA/  OF  MEDICINE 


SiKPHEXf*  and   MvEIt-S.      Tmn^.  Piifh.  Soc.  London,  1898,  xlix.  a52. — 1B3.  KnirXE 
Xlxehr.j.  Iltjij.,  ixvi.  4S1.— ITi-*.  KiKirHi.     Arehivj.  /fifj..  Hi.  378. — Ibb.   Kitxsat' 
ZtKhr.f.  Hij'j.,  vii.  2*2.1;  x.267;  xii.  256.— 156.  Klkix.  *  Lanctt,  1904,  ii.  1477.— i: 
Idem,     lirii,  Atftt.  Jmirn.,  11*06,  1.  155. — 158.  Ki.Eis  and  0»xwpxu.     CmiralU. 
Bal-tcriol.,  xi.  15.--150.   Klkmensiewicz  and   EacHEKK'U.      Ibi€i,,  xiL  153.— 16' 
Knokk.      Mtiitdten.    mrd.    H'ehuschr.,    xlv.   '^21,    382, — 161.    Ku^'H.       Deuts*:hc    mt 
}t^ehnsehr.,  1900,  y.  7S1.  — 163.  Iikin,     Sep.  of  1st  C'holrm  Conjtrenee,  1884  (stc  Hicn 
orffOHimna  and  I)ixa3f,  New  Svdonhani  Sw.,   1HS6). — 163.  Kollk.     Fatsekri/t  nil 
9e<'/i<uijsten  (JfibitrtMagi  run  Holn^rt  JCorA.  Jena :   Fischer,   1903,   p.  351. — 164.  Jd^ 
Kliniscfies  JaJirbudi,  ix.  644. — 1(55.  Koi.i.k  and  MAJcrtNi.      iJtiUadie  ntrd.  U'fJinMckr., 
190*2,  pp.  1,  29,  45,  60.— 166.  Kumotski.     Ann,  de  I'lnst.  Pa^rnr,  pHris,  xvi.  I.I60 
167.  KuKstuu.N  and  MuuoESitiirH.     £eri.  Win.  WcJiJiseJir,^   1902,  No.  i37,  p.  87(1| 
8oe  also  109,  p.    381.-108.    KtWsEL.      Berl.   klin.    irehiitchr.,  1898,   p.   152.— 161 
Kit.\.trs.     CriUmfbl./.  Haktcriol.,  Orig.,  xxjciv,  48S. — 170.   KitArs  and  Li'Iiwkj.     Jit 
in  CtfUralbl.  f.  liaktfriol.,  Kefuratv,  anxt.  545.— 171.  Kukhl.     Arch.  /.  «;».  iVilA. 
PhitrnutcoL,  xxxv.  222;  see  also  KiiEni.  aud  MArruKS.      Ihid.^  xxxvi.  487.  —  1^ 
Kiti'SK,  in   y\.\h'ur..      Du  Mikro-ortjaniimen,  l)ntte  Auflagc,  Loipzi|;,   1896,  i~  H 
—173.  Kye.s.     Jieri.  UiK.  H'chn»eJir.,  1902,  Nos.  88,  39,  pp.  886,  918:  mo  also  1< 
p.  412.-174.   T^WB  and  HtiSTKa.     Lanrel,  1904,  i.  20;  ii.  518,  1146.- 174«i.  La! 
[bid.   lilOi.    iL    1273.  — 175.   Id<in.     Scientific   Mcnoirs  by  Ofiart  0/ tU  Mediml  at 
Sanitary    Dt-parimrnts  of  thf.    Oovernmenl    of   India,  New  Seriw,   No.    4   (CalcQl 
1903) ;    No.    5    (Culcutta,  1903) ;    No.  17  (CuIciitU,  1905)  ;  Lawrt.   1904,   ii.   611 
1146,  1273;  bac  also  Lamb  and  HrsTKR.     Luiicrl,  1904,  1.  20.-176.  Laniwteisi 
Ctnintlhl.  f  BnltfrioL,  xxv.    540.— 177.  Idem.     Centralld.  f.    Baiter.,    xxviu   Hbl 
— 178.  IjANckk.     /iff.  in  C'aUratbl.  f.  BtiUeriol.,  xxiii.  6fll. — 179.  Labciitsi  urvKC 
Arch.  /.  fftj'j.,   xxxvii,   290.— 180.    Lk««p,      iMnert,  1905,   i.   689.  705,  841.— 181 
Leismman.     Brit.  Med.  Journ.,  1902,  i.  73.— 182.  Lko,  H.     Zt$(J>r.  f.   /fy,j.,   rii, 
— 183.   V.   LiNni:i.snriM,  in  Kollk  and  WAS!«Kn.MAN:f.     ffandbiich  der  pftthttycn4 
Uikro'Organinm£H,  iv.  1190. — 184.  Lii'.-4rKix.     Cenlrathl.  f.   BaklerioL^  0'''fc''f   xxxl* 
460.-185.  LnEi'KLiii.     CcntniUd.f,  Bulitriul.,  xxiv.  669;  xxix.  19;   Ikw^trh^  meJ. 
n'eJtiUKhr.,     1903,    Noa.    37,    38.  —  136.     LoEpyLEB     and    Fhoruu.       CaUralbf.    f. 
Baktf.riol.y  xxiii.    371.— 187.    LiiKLEiy.      Ann.  dti  rin^f.   Pujttrur,  Vnris,   xix.    647. 
—188.  Low  and  Morr.     Brif.  Med.  Juurti.,  1904,  i.   1000.-189.   L<)W)t.     Zioglci 
BcUriiQr,  xxii.  272.— 190.  LtBARW-H,  iii  Lvbaksch  and  Ostejitao.     JStf/tbtunst 
allg.   Pathologie.f  Svchster    Jabrgaug,   1899,  p.  40.-191.    Lr.sTiu.     iMiUteJit  m 
n'ehnsckr.,  1897.  Nos.  15,  19,  ti]..  227,  289.— 192.  M'Fadvran.     /in*rr».  Cvmp.  Pat 
xiii.  1 ;  xiv.   103.-193.  SlAchAuYES.     Brit.  Mat.  Journ.,  1894,  ii.  614.— 194.  Jdet 
Pn>c  Riry.  Soe.  Loud.,  Ixxi.  76,  351  ;  tSer.  B.,  Ixxvii.  648  ;  MacF.vdyes  and  Rowi 
lind.,  Ixxi.  77.-195.  Maosen.    ZtscJirft.  f.  fftjg.,  zx'w.  4^.-196,  Idem.    Ibid.,  xxrfl 
214.-197.    IiUiH.      Brit.    Med.    Joum.,    1904,    ii.    56".— 198.   Id«m.      Bull,  de  PAea^i^ 
Boy.  df9  Sciences  ft  d^a  Letlres  de  Danemnrk\  1905,  No.  1. — IW.  Mauses  and  Nooicht- 
ifrirf.,  1904,  N<».  6.— 200,  Maphen  and  Walbi'm.    Ccniralbt.f.  Bali^riol.,  Orig.,  xxxvi. 
242.— 201.    MAPncoi.      CetUmlbl.  f.  BaJcteriol.,  y.  237;  Jtifortn.   nud.,  1889,  p|.. 
209,  213;  CHoniaU  de  Annt.  J-'inoi,  e  Patotoifia  degii  animaU,  ISfiO,   faac.  ii. — 202. 
Malluuv.      Jour.  Bxp.  Med.,   iii.   611. —203,   Malvoz.     Ann.  Je  lln*t.   Ptutftir. 
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ix.    693.  —  215.  Idtm.       Ibul..    xvi.     172.  —  216.    Idrm.      Bert.    klin.     HVAwAr. 
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XujSKa  ud  SuiuA.  iJtulKht  vied,  tf'chnschr.,  1903.  No.  4,  p.  61.— 254.  NeisseR 
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/.  y/i/j/..  xli.  .355;  iMutiKfu!  nud.  IVchniihr.,  1901,  p.  76 f) ;  1903,  p.  327.— 312.  Mrm 
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372.  Ideiiu  Ibid.,  Iixir.  147.— 373.  Ideiu.  IbU.,  Ixxir.  ir,9._a74.  M'tiioiu  aw 
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/}r)MtrtvwHtA  of  the  (lorerameiit  of  Indict,  vol.  xiL  p.  96. — 375^1.  Wnioin  and  Hciii 
I^fK.  Rvy.  Soe.  Loitit.,  S«r.,  H.,  Ixxvii.  211.— 375A.  Idrm.  Ibid.,  Uxvii.  194.— 37fi 
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INFECTR^  DISEASES 
COMMUNICABLE    FROM   ANIMALS   TO    MAN 


GLANDERS   AND    FARCY 

By  Pnor.  G.  S[Mii  Woodhkao,  M.D. 

Stxoxviw. — Gr.  JIuAis  or  MrfKk ;  Lftt  Mailcns,  Equinia;  Fr.  Li  Morve^ 
Lt  Farcin  \  Ger.   RotzkraukitcU^  Hotz,   IVvrtn-j  Ital  Morva  (farcino); 

CuiDKRS,  which  as  a  primary  lesion  has  heen  moat  fully  described  in 
tiki  hone,  U  a  specific  inicctivc  disease.  Ii  derives  iu  name  from  the 
jlRKneei  in  advanced  cases,  of  enlarged  glnnds  in  the  eultmaxilhiry  and 
fvntid  regions ;  the  enUrgemeut  of  these  ghmd^  being  apparently  due  to 
^KtioQ  of  a  specific  irritant^  which,  making  its  way  inwards  from  Che 
vitec  of  the  mucous  membrane  of  the  nasal  reapiratory  passages,  excites 
"^il-marked  and  clianic  lens  tic  lesions  in  the  mucous  membrane  and 
n  Uie  submucous  tiHsues  <:if  these  passagefi,  and  may  extend  to 
iirtanl  part«  through  the  lymphatic  channels  and,  more  rarely,  by  the 
liiHMi-VQnds.  In  almost  all  casct  of  glanders  the  lungs  appear  to  be 
tStcud,  probAbly  before  any  other  lesion  makes  its  api^earancc. 

Historical. — Although  it  was  not  until  about  the  end  of  the  fifth 

renrury  that  Vegeiiiis  gave  the  first  systematic  description  of  a  malnfiy 

»liRh  be  iianifs  '*  Fmcinium  " — the  farcy  of  raoi-e  modem  writers — Aris- 

W(e  (ciirn  333-3:!2  MX.)  guve  the  name  /ii^Ai'*;  to  a  discjise  in  the  asa, 

»hich  commence*]  with  a  pundent  diwihiirge  from  the  nostrils,  and  alwayn 

provrd  f/itAl  when  it  extended  to  tlie  lungs.     In  the  fourth  century  a.D. 

Apvyrtiis,  "a  veterinarian  in  the  army  of  the  groat  Constantine,"'  recom- 

ncmJrd  the  segregation  of  animals  affected  with  a  disease,  ftaXi^,  which 

ie  described  iw  appearing  under  foiu-  different  aspects — the  moist  form. 

the  dry,  the  articular,  and  the  subcutaneous.     He  recijmmcnded  segre- 

fUion   of   ftffcct4jd  animals   for  the  purpose   of   jireventing   the    spread 

of  the  infection  of  the  disease.     Modern  vetcrimiry  authorities  point  out 

that  along  with  true  glundcrs  he  must  have  included  other  diseases,  as 

Ike  maintains   that  (uWi^  was  readily  amenable  to  treatment.     On   this 

point  bis  opinion  was  not  in  accordance  with  that  of  his  contompornry. 

IGppocratea,  who,  although  be  gives  a  proscription  to  b«  used  in  the 

treatment  of  the  diseaso,  described  /naAw  in  its  advanced  stages  as  incurable. 

Although   Vegotius,  writing   later,  grouped   conditions   other  than 
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glanders  under  his  tenn   malltjus,  of   which  "he  distinguished  8evera\ 
different  varieties,"  he  evidently  included  two  forms  of  true  glanders — 
MolUus   humUius,  the  glanders  of    the   present  day,  and   MalinLt  fard- 
fiiinomSf  our  modern  farcy.     The  latter  of   these  conditions   he  looked 
upon  as  curable,  but  the  former,  especially  when  it  was  characterised  by 
a  siiffron,  yellow,  or  bloody  nasal  discharge,  as  1>«ing  a  very  virtdent  difi^ 
oase,  and  prone  to  be  fatal.     He  was  firmly  convinced  of  the  oontagiou*- 
ncss  of  the  disease,  and  recommended  the  isolation  of  all  suspected  cas^* 
a«  well  -as  of  those  that  were  known  to  be  actually  sufi'ering  from  th© 
disease.* 

Taking  a  long  leJip  and  coming  down  to  the  sixteenth  centxiry,  we 
find  that  the  contagious  character  of  glanders  was  then  fully  rucogiused 
on  the  Continent.  Sir  Eniest  Clarke  and  Principal  Sir  John  M'Fadyean 
call  attention  to  a  very  ijiwint  account  of  glanders  by  Fitzherl»ert  in  hi* 
Ihike  fwt  Hmbatulty,  published  in  the  early  pan  of  that  century  (1523), 
from  which  it  is  evident  that  this  author  recognised  the  cont;igiou»ne«* 
of  glanders  and  farcy.  In  France,  Solleysel  (1667)  taught  that  the 
infective  matter  of  glanders  could  be  conveyed  through  the  air 
Saumier  (1731)  was  so  convinced  of  tho  infectiousness  of  the  disease 
that  he  described  most  carefully  a  method  of  disinfecting  stnbles  in 
which  glamlered  horses  had  been  lodged.  ArsaiUt  (IT-ll)  :ind  Bour- 
golat  (1764)  came  ver\'  near  our  modern  ideas  and  teaching  when  they 
recommended  that  all  animals  undoubt^Hlly  aflected  should  Ixs  destroyed, 
and  that  all  suspected  animals  should  be  carcfullv  isoLited.  Towards  the 
end  of  the  eighteenth  century  Abildgaard  and  Erik  Viborg  in  Denmark 
and  Saint  Bel  in  England  laid  special  .stress  on  the  high  infectivity  of  the 
pus  and  secretions  (and  more  rarely  of  the  blood  (1))  of  glandcred  and 
farcied  animals.  Viborg  maintained  that  the  two  conditions,  glanders 
and  farc'V)  h:ul  a  common  infective  agent,  and  that  this  agent,  though 
originally  highly  infective,  appeared  soon  to  lose  its  infective  power, 
especially  if  it  were  tlried.  Early  in  the  nineteenth  centurj'  Colmaui 
and  Dflal>erc  Blaine — whilst  rccogm'sing  that  the  pus  and  secretions  of 
infected  animals  were  possible  agents  in  causing  the  disease — were  inclined 
to  lay  far  more  stress  on  such  factoi-s  as  imperfect  ventilation,  >Mid  food, 
overwork,  aa  planng  the  leading  part  in  tho  px*o<iuction  of  the  disease. 

The  communicivbilicy  of  glanders  antl  farcy  to  the  human  subject  was 
not  fully  recognised,  though  it  appeal's  to  have  l>een  suspected  from  lime 
to  time,  until  Osiander,  in  1783,  stated  that  the  human  subject  nnght  l>e 
affected;  and  in  1821  Schilling  gave  a  very  jiccumte  description  of  the 
disease.  Again,  in  1828,  Travrrs  and  Colman  prove^I  that  the  rlisejise 
might  be  conveyed  from  man  to  the  horse,  and  this  was  confirmed  by 
ElUotson  in  1833.  Raver  (1837)publi8heil  most  interesting  obserxations 
on  the  transmission  from  the  equinia  to  the  human  species. 

The  final  proof  of  the  specificity  of  glanders  and  farcy,  and  of  the 
bacterial  origin  of  thrso  conrlitions,  was  obtained  by  LofHer  and  Schiitx 

>  For  further  hUlory  of  tlie  diwoM  uiJ  for  refennots  to  wUer  autiioritiai  aea  But 
(5)  mod  M'Fwlyeaii  (45). 
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(l<f(2|  when  they  obtained  pure  cultivations  of  the  B.  moHei  from  the 

ign*  '>t  auijwils  afiected  with  these  diseases,  and  with  this  bacilhis  were 

iO produce  identical  conditions  in  hitlietto  healthy  animals,  from  the 

in  which  they  woro  again  able  to  iHokle  the  sjime  bacillua  in   pure 

wtion.     Weichst'lbnum  (1880)  followed  this  np  by  demonstrating 

sune  prnntA  in  connexion  with  gLinders  in  the  human  subject. 

Dtstributton. — The  glanders  or  malleua,  as  we  now  know  it»  has  then 

kiDjC  Ijeen  recogniswl  as  a  distinct  disease  affecting  horses,  especially  wlien 

y\  ill  close  confinement  or  when  heixJe<J  in  larj^e  numbers.     It  is  met 

iiii  most  frequently  and   in   it^  most  characteristic  forms  in  countries 

horecs  have  long  been  used.     It  is>  therefore  specially  prevalent  in 

IK!,  certain  parts  of  Asia,  and  in  North  Africa;  and   as  regaixis  its 

distribution,  it  is  said  to  become  much  more  pivvalcnt.,  though  in 

form — southern  glanders, — as  we  pass  farther  and  farther  south. 

ilbeaaebas  been  introduced  from  the  regions  above  named  into  other 

and  is  now  met  with  in  South  Africa,  Canada,  the  Unite<l 

and  Argentina  through  the  importation  of  affected  horses.     In  Great 

the  number  of  cases  of  glanders  detecte^J  has  risen  fnjni  636  in 

I>T4  to  2499  in  1903,     Of  the  recorded  casoa  Lomhui  claims  about  75 

cent,  one  half  of  the  remainder  occurring  in  the  **  Home  Counties  "  of 

ddlewjc,  Kent,  Kssex,  and  Surrey.     The  large  cities — Liverpool,  Man- 

,  Birmingham,  and  Glasgow — ^suppIy  the  hulk  of  the  rcmainiler. 

WOlogy. —  Infection  usually  Uikes  place  by  direct  contact  or  by  in- 

ocalaiion  of  a  cut  or  abratlcd  surface  with  the  pnnilent  discharge,  or 

irith  urine,  saliva,  or  milk  of  a  glandered  animal  lliat  may  hjive  accumu- 

iit«i  fin  mangers,  nails,  woodwork,  harness,  blankets,  grooming  tools,  and 

lofijrih;  or  a  similar  inoculation  may  occur  during  an  operation  on,  or 

I  tliflMrtimi  of,  such  an  animal.      Farcy  is  friund,  therefore,  in  farmern, 

«r  It'men  and  coachmen,  cjivalrymen,  veterinaiy  surgeons,  tanners, 

«/ 1  whii  are  brought  into  direct  contact  with  glandered  horses. 

Horrover.  habes  found  latent  glanders  in  '*  horsy  men  "  who  had  die<l 

k(m  other  disej4£os.     It  is  interesting  to  note,  however,  that  glanders  or 

Urcj  amon^t  knackers  is  a  comparatively  rare  ihsease  ;  it  is  certainly 

Bwith  far  less  frequently  than  one  would  ex]>ect.  The  disease  is 
om  transmitted  to  women,  except  when  they  have  washed  the 
hing  of  infected  pjiticnts,  or,  rarely,  by  coitus. 
Bubcfi  i^crformerl  a  series  of  experiments  to  demoneti'ate  that  infection 
cui  be  set  up  by  glanders  bacilli  when  mixed  with  lanolin  or  lard  and 
mbbod  intfl  the  healthy  skin  of  gnincji-pigs.  It  is  supposed  that  the 
Willi  make  their  way  into  the  various  follicles,  cs]>ccially  into  those  of 
itiit  Imirs,  and  that  midtiplying  there  they  gradiwlly  make  their  way 
tbniUgb  the  epithelium  into  the  deefjer  tissues*,  whence  they  pass  by  the 
lymphatics  and  even  by  the  blo^xi-vesscls  to  various  (wins  of  the  body. 
Xoc^rd  arrived  at  a  simihu'  conclusion,  and  found  that  those  bacilli  were 
re*dily  absorbed  even  from  the  intact  mucous  membrane^!,  especially  those 
oi  the  eyelids,  nostrils,  larynx,  or  intestinal  tnict.  Moreover,  as  has 
beeti  ptu'nttxl  nut  by  Nocard  uufl  by  Sir  .1.  M'F;idyean,  infection  by  feeding 


tAkos    place   pro\>ably   fairly   frKi|uenl1y  among  horses,  catSi  dogs,  and 
menagerie  animuls  ;  indeed,  the  balaticc  of  evidence  seema  to  favour  this 
as  being  the  commonest  method  of  natural  infection,  those  who  have  the 
widest  ex])cnenoe  maintaining  tliat  the  evidence  in  favour  of  infection  by 
inhalation  is  far  less  couAnncing.     The  answer  to  the  question  whether 
the  affection  of  the  lungs  is  primary  or  secondary  ilepends  of  course  oo 
the  answer  given  to  the  question,  Does  the  natural  infection  take  plac^ 
by  the  alimentary  or  respiratory  tracts?     Although  the  disease  is  spread 
principally  by  the  discharges  and  by  such  excretions  or  secretions  a* 
urine  and  milk,  diseased  organs  and  tissue  may  also  serve  as  vehicles 
for  the  spread  of  the  disease.     Prof.  Sherrington  and  Bonomc  find  that 
in  acute  cases   in   both   man   and  animals  the  BtuHlxu  imillri  wwi   pass 
through     the   kidneys   into    the    urine,    even   when   no   lesion    can    }y& 
made  out  either  M-ith  the  naked  eye  or  under  the  microscope.      Bonome 
and  others  also  maintjun  that  the  glanders  bacillus  passes  from  the  [larenb 
to  the  fcetus  in  the  cjise  of  the  foal,  the  dog,  and  the  guinea-pig,  not  only 
at  chose  points  at  which  placental  haemorrhages  occur,  but  in  some  in* 
stances  in  which  the  stnicture  of  the  placenta  apjjears  to  remaiTi  inl*ct. 
When  the  bacillus  is  found  in  the  circulating  blood,  a  condition  nsually 
occurring  diuing  a  febrile  attack  or  after  the  injection  of  mallein,  th« 
disease  runs  an  exceedingly  rapid  course,  and  the  patient  Buccumbs  with 
most  acute   symptoms.     Under   similar  conditions   the  bacilli    may   be 
demonstrated  in  the  bone-marrow. 

The  horse,  then,  may  be  lookeil  upon  :l6  constituting  the  reservoir 
from  which  infective  material  may  be  continually  supplied,  juat,  as 
pointed  out  by  Col.  Bruce,  as  the  wild  cattle  of  South  Africa  form  a 
reservoir  for  the  tsetse-fly  disease.  The  disease  may  remain  latent  for 
months,  or  even  years,  and  Sir  J.  M'Fadyean  contends  that  cases  of  occult 
glajidei'8  in  plaee  of  constituting  the  exception  are  the  rule.  There  can 
be  no  doubt  that  a  case  of  declared  glanders  is  a  centre  of  infection,  but 
it  is  prolKible  that  even  occult  cases  are  infective,  though  perhaps  not  so 
frequently.  So  numerous  are  outbreaks  amongst  horses  and  so  rare  are 
they  in  man  (the  Kegistnu--General  reports  an  average  of  only  4 '34  cases 
a  yciir  between  1886  and  1904  ;  there  wcie  8  in  each  of  the  years  1889 
and  1903:  6  in  each  of  the  years  1887,  1893,  and  1899;  I  only  in 
189C  ;  and  4  in  1904)  that  we  must  conclude  that  if  equine  gUndora 
were  exterminated,  farcy  in  the  human  subject  would  also  disappear. 

It  must  be  liorne  in  mind  that,  although  the  human  subject  nsually 
contracts  farcy  from  a  glandore<l  horfte,  the  disease  may  hv  communicatwl 
from  man  to  man,  whilst  he  in  turn  may,  as  pointed  out  by  Bollinger, 
l)ecome  a  centre  fi-oni  which  an  extensive  epizootic  may  sprearl. 
Fortunately,  man  is  not  so  susceptible  to  this  disease  as  are  the 
equidac  :  but  although  this  is  now  fully  recognised,  it  is  equally  well 
recognised  that  a  chronic  case  in  the  human  subject  may  give  rise  to  an 
acitto  case  in  a  horse,  or  even  in  another  human  Ifeing,  aa,  for  example, 
when  the  disease  is  contracted  during  an  autopsy  or  surgical  operation. 
Moreover,  these  chronic  cases  in  the  human  subject  may  extend  over 
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ran,  and,  as  during  the  whole  of  that  time,  with  the  exception  of  aucb 
peri'>]*  when,  from  the  temporary  healing  of  the  aore«,  the  disease  may 
mitl  to  lie  Utent,  the  j^itienb  needs  consmnt  nursing  and  drej^-Hing, 
nmy  Ite  a  continual  source  of  danger  to  those  in  contact  with  him. 
Piinn^  part  of  this  infective  period  the  patient  may  be  engaged  in  his 
unlinsry  wi»rk,  and  may  thus  unwittingly  spreiul  the  infection.  In  the 
hnun  subject,  as  in  the  horso,  the  discaso  may  be  latent  from  the  first, 
;^  niddenly  becoming  acute  it  is  often  not  recogni&e<I,  and  so  may 
WwtitoUf  a  very  dangerous  source  and  centre  of  infection.  Dr.  Nutiall 
Mr.  Strangeways  mention  several  series  of  cases  with  peculiar  mo<lcs 
infuctiun.  Of  two  piibliahetl  by  K^my  in  1897,  one  whs  '*a  woman 
^  infected  whilst  making  horse-hair  maltreescs  " ;  the  second 
who  acquired  glanders  from  being  sti-uck  by  the  fist  of  a  man 
»)w  owned  a  glandered  horse."  Two  cases  wore  recorded  by  Grawleswki 
in  \%%^ ;  a  "  washerwoman  developed  a  glanders  pustule  three  days  after 
ruhing  the  clothes  of  a  man  who  had  died  of  the  disease  "  ;  the  other  was 
old  man  who  attended  a  person  wliu  died  of  glanders,  and  developed 
Ififiiotts  in  places  where  he  was  acciisturawl  to  scratch  himself."  A 
:  with  a  glanders  lesion  nuiy  inoculate  hiniseU  at  other  jjoints  by 
Itching  himself  with  his  infected  finger-nails  ;  and  it  is  stated  that  the 
liun  "may  occur  in  man  through  coitus."  It  is  rcconhnl  that  a  woman 
A  breast-fed  baby  down  the  steps  of  a  tenement  situated  near  a 
pHsed  the  stable  dofjr  as  a  led  horse  was  being  brought  out ;  just 
«  the  moment  the  horse  snorte4l  and  tlirew  some  of  his  foam  mi  the 
fhiJtls  face.  The  child  acquired  glanders ;  a  sister  who  nurse*!  it  also 
amrracted  the  disease,  being  infected  by  the  child's  nas-il  discharge  which 
tame  in  conUcl   with   her  nipples.      Both   patients   succumbed  to   the 


It  has  already  been  pointed  out  that  the  virus  from  a  case  of  chronic 

fkodcrs  may  pr'xbice  an  acute  condition  in  a  man  or  animal  into  which 

it  ba«  lieen  inoculated.      Speaking  generally,  it  may  bo  accepted  that  when 

I  microorganism  is  cultivated  outsi<le  the  animal  boily,  it  becomes  more 

nmtant  and  less  virulent.     It  is  well  known,  however,  that  by  a  process 

of  **pttaeago"  of  such  a  microorganism  through  a  succession  of  animals 

rf  the  mine  species,  it  usually  becomes,  on  the  one  hand,  more  virulent 

for  that  sijccie-i,  but,  on  the  other  hand,  rapidly  lose-s  its  virulence  for 

Qpttain  non-allied  species.     Furthoi-,  even  in  the  same  species  the  Ivicillus 

nuy  find  the  conditions  for  its  growth  varnng  very  markedly  from  time 

to  time,   con-csponding  variations   in  the  manifestations  of  its  pre.<<ence 

heing  oliserved.      The  bacilljiry  factors  in  fhe  equation  vary  greatly  from 

outset,   as   the  orgi^nism   taken  fnjm  an  animal — the  horse  or  the 

■pig — may  be  mcMiificd  by  special  nicthoils  of  treatment.     Under 

rattivacion.  and,  accorfling  to  Straus,  after  passage  through  a  wolf,  this 

nroleiico  falls  off  very  nipiilly  until  the  bacillus  is  little  more  than  a 

Mprophyte.     If  the  parasitic  jiroperties  are  t4)  Iw  retained,  it  is  essential 

tlut  the  bacillus  should  now  and  again  be  passed  through  a  .tusccptiblc 

uuBoL     Gaiualcia,  working  with  the  Spermophilus,  and  Foth,  using  field- 
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mice,  Found  llint  continiieil  ]>HHs»^e  throtij:h  these  animals  exalted  llie 
vinilonce  of  the  Vacillns  in  a  most  rcraarkabU'  degree ;  whilst  SafhArow, 
basing  his  exi>eriment*  on  the  aoaloguus  experiments  on  rabf>ite  with 
streptococci,  found  that  the  B.  nialtei  passed  through  a  series  of  ciAt 
liocame  much  more  virulent  for  cats,  hut  considerably  Icsa  so  for  hori 
Intracerebral  inoculation  into  susceptible  animals  90  raises  the  virulem 
of  the  H.  mnllri  tliHt  it  becomes  lethal  for  dogs — nnimids  usually  singu! 
resistant  to  its  attacks.  As  regards  the  second  factor  in  the  eiiuati 
although  certiiin  species  are  naturally*  much  more  susceptible  than 
others,  individuals  of  a  8|>ecies  which  normally  has  a  fairly  high  resisting 
power  may  have  that  resistance  broken  down  or  interfered  with  Ity 
anything  that  interferes  with  the  normal  mebibolism  of  the  animuL 
Overwork,  >»id  food,  overcrowding,  exposure,  or  disease,  in  fact  anything 
that  weakens  the  individual  physically  or  constitutionally,  renders  him 
more  susce|>lible  to  the  attack  of  this  bacillus.  For  example,  it  is  recog- 
nised that  the  overcrowding  of  horses  in  the  metropolitan  stables  is  a 
most  potent  factor  in  the  spread  of  glanders.  Horses,  each  of  which 
should  be  supplied  with  15,000  cubic  feet  of  air  per  hour,  are  only 
jironded  i^*ith  one  quarter,  or  even  less,  of  that  amoimt.  In  war  time, 
overwork,  l«id  food,  and  want  of  sleep  play  a  similar  part,  whilst  exi^ri- 
mentally  it  has  liuen  shewn  that  smjill,  comjiaratively  insusceptible 
rodents,  in  which  a  phloridzin  glycosuria  is  first  produced,  become  much 
more  susceptible  to  infection  b^-  glanders.  A  similar  diminished  resist- 
ance to  this  and  certain  other  infective  conditions  hiis  been  noted  in 
human  |>atients  suffering  from  the  more  severe  forms  of  diabetea.  In 
consequence  of  this  great  but  varying  resistance,  and  of  the  long  }»eriod8 
during  which  the  If.  mnlUi  can  remain  alive  in  the  liWng  animal,  the 
so-called  marked  glanders  of  the  horse  imrl  the  chronic  glanders  of  the 
human  subject  atisunie  an  im[>ortance  that  otherwise  they  would  not 
possess.  The  resistance  being  broken  down  we  may  have  a  regtdar 
uuto-infcction  and  the  outbreak  of  an  acute  form  of  the  disease  in  a 
in  which,  although  the  infection  has  1>ecn  going  on  for  some  time, 
•lisease  was  iput«  unsuspected.  The  number  of  those  caaeB  revealed 
the  mullein  test  is  referred  to  elsewhere  [ruh  p.  210]. 

Bacteriology. — If  the  pus  or  brokcndown  tissue  from  an  actively 
growing  glandors  nodule  be  mixed  with  a  little  sterile  sidine  solution,  and 
a  small  portion  of  this  be  allowed  t:0  trickle  over  the  cut  surface  of  a 
sterile,  slightly  acid  or  neutral  potato,  which  is  then  incubated  at  the 
temperature  of  the  body,  bright  yellow  or  honey-coloured  colonies  soon 
make  their  appearance  on  the  suiface  of  the  (xitato,  and  grow  so 
luxuriantly  that  in  eight  or  ten  days  the  colonies  of  other  organisms,  if 
any,  are  overgrown,  the  growth  going  on  more  rapidly  as  the  colonies 
become  larger  and  run  together.  In  these  later  stages  the  shining  or 
glistening  surface  assumes  first  a  |>eculiar  fawn  browni,  and  ultimately  a 
chocolate  or  (itf^-aulaH  colotir.  Blood  serum  may  Iw  used  instead  of 
potato  for  the  purpose  of  obuining  a  pnmary  growth.  On  this  medium, 
kept  at  the  temperature  of  the  body,  small  isolated  trans^iarcnt  colonii 
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an  well  aeen  in  about  48  to  56  hours.     Yolk  of  ogg  also  forms  an 

ihU  cnlttire  medium,   the  growth   appearing  as  small  nodules  mv 

iherrlcs  ill  altout  24  hours.     Whit*  of  egg  is  not  a  good  medium.     The 

Willus  will  grow  in  or  on  almost  any  of  the  ordinary  cultivation  media, 

ed{jeci&lly  vhen  they  are  made  aHghtly  acid  or  neutral,  and  arc  kept  at 

il*  temperature  of   the   body  (optimum   temperature  36*  to  37°  C, 

lam  21^  C,  maximum  42'^  C. ;    growth  being  inhibited  at  43°  C). 

gelatin  it  forms  a  whitish  growth   made  up  of  chains  and   threads 

Mp-l  imcguhirly  and  j^neiratiiig  the  gelatin   in  various  directions,  and 

Itijuatcly  brings  about  slow   liquefaction.      On   agar-agar  it   forma  a 

Btfent  greyish-yellow  growth,  which  gradtially  deepens  in  colour. 

freerin  agar-agar,  on  which  it  grows  more  luxuriantly  whcu  milk  is 

i.  it  appears  (even  at  the   temperature  of  the  room)  as  a  broad, 

rrunspJirent  shiny  line,  which  follows  tlie  track  of  the  needle.     On 

,       --  of  piiuito,  or  in  potato-gelutiii  or  potato-agar,  it  torms  prominent 

iraiiiluccnt  pLites,  \rith  a  orreyish  periphery  Jind  a  shining  fawn-coloured 

writral  [lart.     In  liouillon  contJiining  glycerin  it  forms  a  cIou<ly  ^owth, 

vhich  after  a  time  fiUIs  to  the  bottom  of  the  tube  in  the  form  of  a 

mrious  stringy  deposit.     It  appeArs  as  a  white  growth,  at  the  end  of  a 

eottple  of  *hiy.s,  when  seederl  on  sterilised  carrot.      Milk  is  coagulated  in 

friim  8  to  10  days  when  the  culture  is  kept  at  37    C.     It  is  curious  to 

i»l«   how  ihe  pigment  diffei-s  on  these  various  media,  and  according  to 

Iht  a^e  of  the  growth.      The  growth  may  ije  white,  as  on  gelatin,  or  it 

nuy  be   canary-yellow  at  first,   later  assuming  a  fawn  colour,  then  an 

orange,  and  lastly  a  brown  or  chocolate  colour.     On  potato  there  is  often 

»  greenish  or  greenish-bluo  discoloration  in  the  immediate  neighbourhood 

of  the  growlh- 

Thc  iNiciUuE  when  e.xamined  under  the  microscope  is  1  "5  to  3  or  even 
J  fA  long  by  0*25  to  0"4  ft  brotid,  antl  hits  rotinde<l  ends.  It  may, 
huvever,  assume  club  or  branching  forms  ;  sometimes  it  grows  in  the 
fonu  of  threads  10  to  25  fi  long,  or  it  may  assiune  a  coccal  form.  No 
sporee  are  seen  in  its  substance,  but  sometimes  its  protoplasm  is  frag- 
neobod,  or,  at  any  rate,  is  very  irregul-irly  stained  in  <leep  and  light 
bands  Mid  patches.  It  is  snul  to  be  non motile  ;  but  some  oliservers 
hinliiin  that,  in  certJiin  conditions,  the  bacillus  possesses  the  power  of 
ion,  especially  when  grown  aorobically,  the  organi.sm  appearing  to 
nuike  ita  way  to  the  free  surface.  Sir  J,  M'Fadye&n  jwiints  out  that 
onUuary  cover-glass  preiwirationa  of  farcy  pus  or  material  from  glanders 
Mkdoles  containing  glanders  bacilli  may  )>e  first  stained  with  any  of  the 
onliiuiry  basic  anihne  dyes — methylene  blue,  gentian  violet,  or  fuchsin. 
Thionine  blue  is  aUo  a  verj'  useful  stain.  The  luicle^ir  detritus  in  these 
tertjons  U  then  decolorised  by  means  of  a  4  per  cent  solution  of  acetic 
sdVI  for  about  5  to  10  seconds,  the  Ixicilli  resisting  the  ilecolorising  action 
<d  the  add. 


niflerential  staining  of  the  organism  when  in  the  tissues  is  not  a  very 
iplc  matter,  as,  although  it  takes  the  aniline  dyes  \'ery  greedily,  it  gives 
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them  up  very  readily.     Gram'a  method  is  no  use  for  this  porpoee  ;  Nonie*ia» 
method   for   staining    the    bacillus    is    to   stain    for   two   to    tivc    miaule»  id 
Loffler's   methylene   blue  (concoutnited    alcoholic  solution  of  methylene  blue- 
30  L-.c  ;    caustic  potash  001  per  cent  solution  100  cc),  to  wneh  in  distilled 
WKter,  aud  then  decolorise  fur  from  I  bo  5  seuoudSf  according  to  the  thickaeA 
of  the  section,  in  a  mixture  of  75  parUi  uf  a  0*5  per  cent  solution  of  acetic  icid 
and  25  parts  of  a  0*5  per  cent  watery  solution  of  tropipolin  ;  to  wash  again  in 
distilled  water,  and,  after  spreading  the  Hection  on  a  slide,  to  dry  it}  first  with 
blotting-paper,  and  then  in  the  air  or  over  a  spirit  flame.     Clear  by  droppiug 
xylol  upon  the  section  (oil  of  cloves,  origanum,  and  aniline  oils  must  be  avoided^ 
and  mount  in  Canada  balsam.     The  bacilli  are  stained  dork  blue  or  nearly  black, 
and  the  tissue  light  blue.     To  obtain  good  differential  staining  in  bacUU  oou* 
tained  in  sections  Sir  J.  M'Fadyean  uses  tbe  following  modification  of  the  tannic 
acid  mordanting  method,  which  appeare  to  be  greatly  i^uperior  to  any  other 
method  yet  reooiumended.     The  tisauea  hardened  in  alcohul  are  embedded  aud 
cut  in  paralliu.      Usiug  exceedingly  thin  scctioua,  the  paralllu  i»  rcmovod  and  the 
sections  arc  stained  for  half  an  hour  in  methylene  blue  cither  with  Ktihne's 
carbolised  solution  or  Lufllcr's  alkaline  soluliun,  or  Hiiuply  a  I  ]>er  cent  aolutioa 
in  1 0  per  cent  alcohol ;  rinse  in  water  and  then  transfer  to  a  4  per  cent  solution  of 
acetic  acid  in  water  for  a  few  seconds,  then  rinse  in  water ;  "  the  acid  solution 
almost  entirely  decolorises  any  normal  tissue  surrounding  the  leaion,  and  the  latter 
is  reduced  to  a  pale  blue";  then  immerae  the  section  for  lA  minutes  in  a 
saturated  aqueous  solution  of  tannic  acid,  wash  thoroughly  and  stain  for  15  to 
30  seconds  in  a  I   per  cent  aqueous  solution  of  acid-fuchsin,  wash  in  water, 
dehydrate,  clear  in  cedar-wood  oil,  and  mount  in  xylul-bals&m.     "  In  sections 
thus  treated  the  nuclei  and  nuclear  detritus  in  the  lesion  liave  almost  entirely 
lost  the  blue  stain,  and  tlic  tissues  are  for  the  most  part  of  a  faint  red,  while  the 
bacilli  are  of  a  light  blue  colour." 


As  it  is  (jnmntimeH  exceedingly  diffictdt  to  obtain  cultures  fi^m  nodule*, 
it  may  bo  adnsabte,  for  diagnostic  purpoaes,  to  use  Straus's  test  (72).  This 
observer  inoculates  a  mala  guinea-pig  or  a  fiold-moiise  subcutaneously  in 
the  middle  line  of  the  aWomen.  or  intni|>eritonejilly,  with  portions  of  the 
suspected  material,  and  later,  if  necessary,  obtains  cultures  of  the  bacilli 
on  poU'ito  or  blood -senun.  iVfter  subcutaneous  inoculation  with  the 
glanderous  material  from  which  the  diagnosis  is  to  be  made,  tumefaction 
appears  at  the  seat  of  inoculation,  the  skin  ulcemteSf  and  a  mass  of  soft, 
almost  punilent  material  is  cli&chargcd,  a  chronic  ulcer,  with  a  waxy 
looking  base  and  dark-red  irregtilar,  indurated  and  raised  margins,  being 
left.  From  this  issues  a  aero-])urulent  discharge.  Around  it  there 
may  l>e  an  eruption  of  vesicles  and  pustules,  or  even  gangrene,  occurring 
during  the  second  week.  In  some  cases  the  ulcer  may  heal :  the  Utn- 
phatic  glamls  in  the  noighliourhood,  however,  become  enlarged  and 
tender,  and  may  then  ulcerate  The  lymph- vessels  Iwcomo  red  and 
painful  on  pressure,  the  veins  may  become  thrombosed,  and  at  tlie 
end  of  two  to  four  or  five  weeks  the  animal  dies,  with  a  general 
infection,  the  lungs  and  spleen  then  usually  >)eing  involved.  In  the 
male  the  testicles  are  swollen,  and  later  an  acute  iiiHamiuation  causes 
considerable  enlargement  of  the  joints.     Field-mice  similarly  inoculated 
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rlie  in  thre^  or  four  days.     Intmpentoncftl  injection  into  u  malo  guiriea-pijE; 

of  tJie  tliscbarge   from  an   iilceruttid  iuucosm  or  glaiul   setK   up  a  much 

nrlicT  mH.-immatiod  of  the  utntes ;  this  often  occurs  as  Koon  as  the  third 

or  foortb  day,  and  in  the  fluid  between  the  two  layers  of  the  tunica 

r^'ittslift  testis  glandei-s  bacilli   may  be  easily  demonstrated,  either  by 

BicnMcopic  examination  or  by   the   cultivation   test.     In   these  exfien- 

neiital  cases  the  primary  cbatigcs  are  iiiHiimmation  of    the  lymphatics 

unl  ifTohitis ;    the    nu.sal    mucous   membi'Bne    is    not  aH'ected    until    the 

Uccr  ■'tages    of    the    disease.       As    thiR    later    teut    may   occasionally 

fill,  it  is  usually  sidvisiible  to   repeat  the  expcnmvnt  on  two   or  three 

iTTiitiK-i  pj^.      Evt'n  when  these  succeed  it  is  atlviitfible  to  stain  the  bacilli 

I)  <tr»m'ii   method   in   order   to   conHrra   the  diagnosis  by  elimination. 

I'l.Tv  cultures  of  the  H*u:iUn&  vtaiUi  injected  into  horses,  rabbits,  and  the 

AiiiOLilaalrreuly  muntiorifd,  produce  characteristic  glanders  of  the  constitu- 

lioiial  form.      White  mice  and  ordinary  hou.se-mice  bit  more  refractory, 

but  they  also  may  Iw  infected  by  very  vinUent  bacilli.     Dr.  Nuttall  and 

yir.  Stranyeways,  collecting  evidence  from  various  sources,  state  that,  in 

ttL^tion  to  the  animals  above  mentioned,  cats  and  hedgehogs  are  highly 

able  to  the  disease.      Itabbits,  the  goat,  sheep,  camel,  young  dogs, 

uxf  pigti  (thn  latter  not  by  Bubcutaneoiis  injection)  are  more  resistant, 

vliiUt  adult  dogs  and  pigs,  cattle  (old  and  young),  tht*  chirkcn,  linnet,  and 

ftog  all  appear  to  be  completely  resisUuit.      As  already  poiutt-d  out,  the 

diHaae  occurs  spontaneously  in  the  lior'se,  muU*,  and  donkey.      In  one 

nenagerie  I  found  two  lions  idfocted,  probably  infected   by  g]audcre<l 

Ihone-flesfa ;    tigers,  loopard.s,  and    bears   arc  also  said   to  contract  the 

diMsae  from  this  source,  the  bacilli  gaining  access  to  the  tissues  through 

wi>ijrMl«  niiule  by  the  spicules  of  bone  broken  during  the  chewing  proccHS. 

Some  of  (he  cases  that  appear  to  be  set  np  by  ingestion  may  be  due  to 

infection  through  such  a  channel.      One  case  of  direct  infection   in   the 

buman  subject  was  traced  to  the  use  of  an  imperfectly  sterilised  hypo- 

dermiG  Ayrtnge  with  which  cultures  of  the  glanders  bacillus  had  been 

iojected.     The  siieoific  bacillus  may  l>e  associated  with  8trc]Uococci  au<l 

tlie  Strtph^hKocais  ptfOfjenrA  nuretts  ;  and  it  is  prolwibly  this  latter  organism 

givcfl  rise  tfl  the  pe<:ulinr  phlegmonous  lesions  sometimes  sceu  in 

cour%  of  :in  attack  of  glanders. 

The  glanders  bacilli  if  kept  moist  may  remain  alive  for  a  month. 
>me  aays  that  when  dried  (kept  at  a  temperature  of  25"  C.)  they 
ithin  ten  days,  but  if  allowed  to  remain  moist  they  may  be  alive 
rinilcnt  at  the  end  of  twenty  days  ;  they  are  said  to  remain  alive 
lor  fifteen  or  twenty  days  in  ur<linarv  potable  water.  According  to 
Ijdfflrr  they  aUvay?*  succumb  within  four  months.  Sjinarelli  maintains 
thmx-  the  iMiciUi  resist  putrefaction  for  a  periofl  of  from  fourteen  to  thirty 
dftjt.  Again,  it  is  sUited  that  in  aerobic  cultivations  thoy  die  in  a  few 
days.  Iiut  that  they  may  survive  for  two  months,  provided  the  cultures 
arc  anaerobic.  They  may  certainly  remain  alive  when  grown  on  culture 
for  alwut  a  month.  These  orgjinisras  are  readily  aflected  by 
of  lem{>erature  and  by  even  weak  autisepticH.  If  kept  lU. 
VUU  II.— PT.  I  P 
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1*'>-16^  C.  they  die  in  about  five  dM'8.  It  is  gaid  that  at  a  tempenvturo 
of  about  h^i  C.  they  succumb  in  tt'u  minutes,  ami  at  62  C  they  tlie  in 
one  minute,  though  Bonomc  saya  that  he  has  foiuid  theui  still  idive  afuir 
an  exiXBure  for  six  houre  to  a  temperature  of  70"  C  At  75*  C.  they  fire 
killed  in  Hve  or  six  luinutes,  JLiid  at  90^  C.  to  100'  C.  in  thi-ec  mimiiei. 
Brombcrg  states,  however,  that  in  an  old  cultivation  all  the  bacilli  Aie  doI 
killed  after  ex|wsure  to  a  temijcraturo  of  100"  C.  for  as  lonj^  a>*  half  *n 
liour.  Exiwsuro  to  direct  stinJighi  for  a  <d^x^  eiiHures  tlie  daith  uf  the 
bacillus.  The  action  of  even  weak  antiseptics  on  these  organiduis  is 
very  marked.  They  are  rendered  inert  and  incapable  of  growth  iiy 
1  :  2000  perchloride  of  mercury  solution  (1  :  100  kills  them  ia  tifteen 
minutes),  or  1  ;  100  tuipontiue  in  water.  Watery  solution  uf  caHjolic 
acid,  1  : 1!0,  \\w&  a  similar  eflect  in  five  minutes,  or  1  :  100  in  two  to  four 
hours. 

It  has  already  been  stated  that  the  glanders  bacillus  when  cultiiated 
lut  a  saprophyte  1ot;es  its  virulence  very  rapidly,  and  in  certain  conditioiu 
it  so  far  loses  its  activity  jw  to  set  up  an  excee<lingly  modified  form  of 
the  disease  in  the  horse  ;  for,  although  it  is  recorded,  ;»ic«  Loffler.  thatau 
unoccupied  stable  has  remained  infected  for  a  period  of  a  year  and  a  half, 
most  ol>scrvci's  [loint  out  chat  if  the  organism  exists  outside  the  tissues  for 
any  long  period  it  becomes  greatly  attenuated.  Although  the  Hanlhs  maiUi 
grows  best  in  the  presence  of  oxygen,  it  iscji|iable<if  growiTiganaeif^bically; 
indeed,  when  so  grown  it  appears  to  have  a  greater  power  of  forming 
toxins  than  when  it  has  access  to  a  free  supply  of  oxygen.  It  has  alio 
iMten  state<l  that  the  virus  may  be  exalted  by  jiassing  it  through  a  serie* 
of  cuts,  under  which  conditions  it  nUimatoly  becomes  less  virulent  for  the 
horse  :  a  horse  inocuLited  with  virus  so  attenuated  passes  through  a 
modified  attack  of  the  disease,  anrl  is  then  proof  against  attacks  of 
more  nrulent  cultures  of  the  organism.  This  ubsorvotiou  still  require! 
corroboration. 

Mallein. — Ribes,  Ivatning,  Preusse,  and  Helman  prepired  f!*om  the 
HaeiUus  mallei  a  substance  similar  to  that  prepai-ed  by  Koch  from  the 
liiic'tllua  tubf^nuhsis.  An  active  t«xin  forming  glanders  Iwcillus  (which 
may  lie  obtained  by  smearing  the  piw  from  ji  freHhly-opened  farcy  lesioH 
i\l  a  horse  over  the  cut  iiurface  of  n  sterilised  potato,  the  discrete  ct^loniei 
Iwing  selected  as  seed  material)  is  cultivated  in  peptone  Iwuillon  to  which 
a  small  pro])ortion  of  glycerin  ha^t  been  added.  Tlie  culture,  if  |nire 
(tested  from  time  to  time  by  inoculating  }^)otatocs),  is  incubated  at  a 
tempoi-aiure  of  37^  C.  for  a  month  or  aix  weeks ;  it  is  then  placed  in  the 
autoclave  ami  healed  to  120'  C.  for  twenty  minutes  or  half  an  hour  on 
each  of  three  sncce&sive  days  to  destroy  all  the  bacillL  Tn  jtrcvent 
putrefaction,  carl>olic  acid  in  the  proportion  of  0*5  \\et  cent  is  added, 
afusr  which  the  fluid  i"?  tillered  thiough  a  jmrcelain  filter  in  onler  to 
remove  the  bodies  of  the  bacilli.  This  fluid  contains  the  itctivo  tuxio 
material,  s^ecrctcd  by  (he  glanders  bacillus,  in  such  quantities  that  when 
injected  in  definite  dosets  (1  c.c.)  it  gives  rise  to  a  very  distinct  rejection 
in  an  average-sized  glandcrcd  horse,  whilst  in  horses  Mnaffeet«il   with 
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gUwlers  no  reaction  is  provoked  liy  ii  tlosc  of  even  6  c.c.     In   Itoux'ii 

SKibnl  of   preparing  iiuillein  the*  sU'rilised  tillralu  is  conconlrated   by 

enpomtioii  until   it  }>ecom^a  a  s^'nipy  Hniil.     Thiiii  ih  then  ililuicd  uith 

HDCinMiu  volume  of  0*5  [>or  cent  solution  of  ciu*l)olic  acid.     Of  this 

cvboligod  fluid,  which  "  keeps  "  well,  3  c.c.  i^  suHicient  to  set  up  \\  definite 

"raKtioo  "  in  a  glandored  hurne.     Ttie  Lerm  malluin  in  soinetinu*^  ret»incd 

I   tr  or  Wjilcry  j^lycerin  "extmct"  of  a  puUto  cultivation  of  the 

■dUi.      It  \s  .stated  thut  thiti  may  be  used  tui  a  diagnootic  ugetit, 

m  tbut   it   has  no  curative  dl'et-i.     To  I  he  l>ouillon  filtered  cultivation 

lieMnbod  above  the  term  Mor\"in  has  been  applied  by  Motoc  and  K.  Halies, 

trlioMcnbe  to  it  not  only  n  diagnostic  but  \\  curative  value.     It  is  quito 

rinanhle  that  the  very  different  valuvs  aacribed  lo  inallein  as  a  dia^ootic 

,'<:ni  by  various  observers  may  result  from  the  use  of  these  diffeient  re- 

i^enta.      Mallein  h.'is  t>oen  rei-omniemle^l   for  dia>;noHlic  pin-[>oses  in  the 

itunan  Kubjecl,  bni  there  apjiejir  to  be  clear  indications  against  its  use. 

la  aome  of  the  chronic  cjvses  in  Avhicli  it  has  been  used  no  reaction  has 

been  obUiined,  while  in  others,  alt  iKin^h  no  Viueular  reaction,  such  as  takes 

jiUce  wb<^n  tu1>erculin  is  injected  in  tuberculous  caaes,  occur.%  thera  may  be 

general  rcivction,  inurke<i  by  a  ri^e  of  teni|)errtlui*e  of  2   or  3  C.  pain  in  the 

bead,  and  faintneb.^  all  during  the  first  twelve  to  eighteen  hours.     This  is 

fri)Ujw«<d  by  pain  »nd  swelling  at  the  seat  of  injection,  which  may  last  for 

two  or  tbre«  days.     Since  a  dose  of  mallein  sutticieni  to  give  a  diagnostic 

reaction   may  cause  a  chronic  cane   to  aKsiune  an  actiH)  character,  it   i.s 

evident  that  this  reagent  mu^t  b<>  used  with  the  utmost  cjiution.     Kven  in 

MMfMNied  acute  cases  it  i.s  doubtful  whuiberweare  justified  in  ludng  mallciii 

the  object  of  determining  the  natui-e  of  the  diHease,     As  regattis  the 

it  is  maintjiined  that  i^pth  or  even  g'oth  of  the  dose  that  will  set  up 

in  in  the  horse  and  \?>  innocuous  to  that  animal  will  give  a  reaction 

'buman  subject     Whether  Sir  Almroth  Wright's  opsonin  methixl 

vOI  be  helfrful  in  either  tin.-  diagnosis  of  this  disease  or  in  the  oltHerva- 

tion  of  ita  course  during  treatment  still  remains  to  )>g  proved.     As  there 

ii  some  misconception  as  to  the  nature  of  the  reaction   tu  mallein,  it 

may  be  stated  gcnendly  that  unless  the  temjierature  rise  1'°  C.  rapidly, 

enmmcoctng  six  to  eight  hours  after  injection,  and  goes  above  40"^  C.  {this 

ii  ufton  repeated  twenty-four  hours  later),  :*nil  a  swelling  of  three  or  four 

ixtcbe^  in  diametj>rand  one  to  onii-and-a-half  inch  in  height  appears,  and 

continues   to  increase  for  a   number  of  hours,   after   the  sixteenth   or 

llgbtoeiith   hoiu*,   the  rejictiuri  is  not  chamct^^ristic.     It  should  aUo  be 

in  mind,  as  NiH-ard  |X)int£  out,  that  this  reaction  can  Vm  obtained 

only  when  the   terupiTAture  is  normal;  mallein,  therefore,  should  never 

be  iiije^'tini  for  diagnostic  purjKiscrt  when  the  t<Mni«mture  is  already  high. 

Should  DO  s|»ccific  reaction  Ik?  obtained,  a  second  injection  nuiy  sjifcly 

in   eight  v>r  ten  dnys  hiter.      Rilios  recommends,  therefore,  in  all 

of  glantlers   that  after  destroying  all   the  animals   that  urti 

iis.i  irlandered,  the  "contact"  animaU  should  receive  a  couple  of 

ill, t  mallein  at  inter\als  of  one  lo  two  weeks.     All  the  hoi-ses 

that  bave  reacted  typically  shoidd  be  isolatotl  at  once.     liemuvo  all  the 
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animals  that  do  not  react.  Keop  thoRe  that  haY*o  reacted  once  in 
thoroughly  disinfc^^ted  sUiblcs,  .iml  inject  >rith  small  and  incrcaflii^ 
dos«H  of  inallein,  koepiiig  iheni  tjnito  Hp;irt  from  other  animals,  provitliii^ 
separate  drinking-veaacU,  etc.  Tent  with  a  diagnostic  di>se  every  tV{T 
months,  and  be  giiided  l>y  reaction  and  clinical  course  of  the  disease  u  t9 
whether  the  animal  shoidd  be  slaughtered.  If  it  oontimies  to  retct, 
or  if  the  gkndcrs  l>ccomGS  manifest,  there  should  lie  no  hesitation 
about  this.  • 


Glanders 

Morbid  Anatomy. — In  horses  that  come  into  the  hands  of  the 
knarker  or  into  ihe  po.st-morteni  room  the  lun^  are  almosit  invariably 
involvdl,  though  other  lei^ions  are  fairly  frequently  met  with.  The  bert 
tlescriptiitti  of  thn  typical  pulmonary  legions  of  glanders  la  that  given  by 
Sir  J.  M'Fiulycan,  on  whose  description  the  following  account  in  based:  ^ 
— On  pa.ssing  the  hand  over  the  surface  of  a  lung  affected  wth  glandersr 
firm,  hatd  nodtdes  may  l>e  felt  not  only  immediately  under  the  pleura, 
but  also,  on-deeper  palpation,  at  some  distance  Xvmw  the  surface.  On 
section,  pearly  grey  nodules,  some  with  a  jiectiliar  yellowish-whitu  contra 
and  surnmiided  by  a  dark,  luemorrhage-like  zone,  may  Ije  seen  ;  these 
vjiry  in  size  from  pfjitit^  just  visiltle  to  the  naketl  eye  to  nodules  the  fiixe 
of  a  pea,  a  hazel  nut,  or  even  a  walnut — the  pea-sizwl  nodules  Iwing  tbo 
most  abundant.  I  have  seen  a  glandcred  lung  in  which  only  a  couple  of 
these  nodules  could  be  made  out;  whilst  in  otheni  I  have  seen  from  a 
dozen  u]>  to  severed  hundreds.  These  nodules,  however,  can  never  bo 
spoken  of  <is  innumerablu;  so  that  in  this  respect  they  differ  from  tnie 
pulmonary  tulHirulea,  which,  in  thi;  horse,  if  not  innumerable,  can  bo 
counted  by  thousands.  Sometimes  dark  ha-morrhagic  areas  may  Im  noticed 
in  the  lung,  in  which,  scattered  at  inten'als,  are  grey  nodules  similar  to 
those  described  alxive.  Within  a  greyish  ca[>sulo  is  a  white  centre  which 
may  l>e  somewhat  softened ;  though  it  seldom  imdcrgocs  purulent  degenera- 
tion. When  the  centre  is  firm  it  may  often  bo  **  ejisily  tiheUc<]  out  with 
the  point  of  a  se4ilpcl  fnmi  the  g^reyish  peri[>heral  jKjrtion  ";  in  some  casos 
this  central  i>ortion  undergoes  calcareous  infiltration.  On  examining  iho 
hwmorrhage-like  areas  under  the  micro»co|)e,  it  is  fuund  that  the  wntral 
Kone  consists  of  lung- tissue  densely  f)ackcd  with  |K>lyraorphonuclear 
leucocytes  or  pus-corpuscles,  which  occupy  the  alveoli  and  comprfss  the 
sept;! ;  iu  thj^  region  there  is  little  or  no  proliferation  of  the  epithelial  cells 
lining  the  alveoli.  Immediately  around  this  area  is  a  7j>ne  in  which  may  be 
seen  numerous  epithelioid  celts,  each  containing  a  single  vesicular  nucleus, 
which  does  not  stain  ne;irly  so  deeply  as  tloea  the  i>olymorphonuclear 
fonn ;  here  also  a  few  giant-cells  may  bo  found  among  the  epithelioid 
cells.  Except  at  the  margin  of  this  iione,  it  is  dithcult  to  make  out  the 
remains  of  the  walls  of  the  air-vesicles  ;  but  immeiliataly  outside  this  is 

'  Throu^b  Uia  kiodiieeL^  of  Kir  J.  M'Kodyeau  I  liavc  >j«mui  eiiidJetl  to  tuAke  an  cxaitiiiution 
or  thew  lealofta  of  the  lung,  kiid  also  of  otliur  tlasnu. 
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A  third  loritf  in  vhich,  frDin  thickening  of  their  walls,  the  air-veaicles 

ire  airui<ler>bly  Bnuiller   Ihim  nonnal.     The  thickened   septa  are  com* 

pMttl  nf  tihrtuis    tiasuf   with   flon^jate*)    nuclt'i  ;    whilst    the   cavity   ur 

cunlaiiifi  JL  lining  of  mure  or  less  ciihicjil  opithulial  cells,  a  nuni)>ei' 

«l  ftw  epithelioid  cells,  a  few  leucocytes,  and   large  niononuclear  cells 

nnutniitg  itariicles  of  carbon.     Here  too  mny  be  seen  a  few  strmids  of 

(Oiigular«d  fibrin.     Sun-oundin^  this  ai-oa  is  a  zone  in  which  the  change* 

*»  indistinipuBliable    from   those    found   in   croupous   pneumonia ;    the 

tDter4lvix)Lir  capiUarie^s  are  di»t<'nded  with  blofxj,  and  the  alveoli  contain 

driieate  oojkgulu  in  which  leucocytes,  detaclied  epithelial  celU,  and  a  few 

ml  blood -corpiiHcleH  are  entangled   in  a   network  of  coagniato<l  fibrin. 

Ji  appears  that  thi^  pneumonic  condition  is  the  first  indiciaion  to  the 

mkfd  ryo  of  the  presence  of  a  gUiidci-s  nodule ;  although  by  careful 

aieniBOopic   examination   we    learn    that   the    small   area  of   infiltrated 

JMeocrtcs   constitutes   the    primary    change.      Thiti   small    ai-ca  becomes 

wroande-d  by  a  pneumonic  zone,  in   which   thickening  of  the  alveolar 

w&Ua  and   packing  of  the  alveoli   with    Aurious  kinds  of  cells  may  be 

oUeiTed  ;  the  process  spreads  fi-om  the  centre  outwards,  the  pneiunonie 

jCBie  indicating  the  part  most  recently  atfected.     When  the  process  is 

BufT   chronic  this  soK^Uod  hcemorrhagic  appearance  is  absent,  and  the 

lire  of  the  nodule,  sis  it  softens,  is  found  to  be  comjKts*^  of  leucocytes 

gmnular  detritus;  outside  this  is  a  zone  in  whiclt  large  epithelioid 

are   abiuidant,   and   amongst   them   a    few   giant  cells   which    are 

[ngtiishable  from    those    nn-i    with    in  a  tnbcrculoiru   nodule.     The 

pearl-grey  capsule,  iis  in  tubercidosis,  is  made  up  of  connective  tissue  in 

Tsrioas  suiges  of  development,  whilst  immediately  outfiido  this  is  a  zone 

which  consists  of  fibrotic  lung  tissue,  in  which  the  walls  of  the  alveoli 

are  «»ormously  thickened  ;  the  air-vesicles  are  corrcs[Knidingly  diniiidshed 

in  saae,  and  are  lined  by  distinctly  cubical  epithelium  :   this  part  of  the 

hm^  lii^ue  closely  resembles  the  white  pnuumoniu  flcKcribml   by  N'irchow 

in  the  lungs  of  8\'philitic  children,  a  condition  atsu  found  iu  other  forms 

ol    iuterBtiti;d    pneumonia   occurring    in    the  adult.      As  in  these  con- 

difciotts*  there  is  in  glanders  considerable  injection  of  the  veasols  in   this 

ocir  titme  ;  and  tliere  may  be  fibrinous  exudation  int(>  the  air-vesiclea  just 

bcycmt]    the  area  of  the   healthy  lung.      Then,  too,  i\&  in   tul^ereulosis,  a 

ecotrat  urta  may  shrink  and  l>ecome  eateitieii  ;  and  this  area,  surrounded 

tijr  ^  i)utiDct  tibroiifl  capsule,  represents  the  neart^t  approach  to  healing 

and  isolation  that  ever  occurs  in  the  case  of  a  glanders  notlule.     Sir  J. 

M'KarlycMi  believes  that  in  the  hoi-se   the    nodules   origitiate    in   con- 

nenon  with  the  uir-veeicles,  but  whether  in  oonse^juenco  of  the  ancftt,  of 

^andcn   Itactlli   in   an  alveolar  capillary,  itr  of  the  penetration  of  the 

JMciDi  into  a  vesicle  with  the  respired  air,  ho  does  not  decide  ;  he  inclines, 

bowerer,  tu   the   belief   that,  as  the  tiodules  aic   com)>anitively  few  in 

number,  and  atx'  often  cotiHneil  to  one  lun^,  the  infection  is  not  spread  by 

Um  blood  ;  moreover,  the  irregular  dLstribution  and  the  difference  of  age 

of  tbe  noilules  f>oint  ntther  to  ji  dissemination  of  the  bacilli  by  the  air- 

\i  the  starting-point  of  the  nodule  Ih;  the  nudti plication  of 
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bacilli  thut  hnvu  como  to  reAt  in  the  cavil}'  of  mi  air-veaiclei  infeetiv' 
maltt^r  may  find  its  way  from  this  point  along  the  bronchi  tn  oihe'' 
portions  of  the  Inng,  lu  form  fresh  fo^a'  of  disease.  In  support  of  ihi^ 
opinion  it  nmy  Iw  nrj^erl  that  the  small  hron<hi  ofton  contain  niirat'rou^ 
loiicocytca,  some  in  various  stages  of  degeneration  ;  whilst  evidence  o^ 
proliferution  in  the  perivascular  lymphatics  is  comparatively  rar©.  !» 
certain  cases,  indet:d,  the  lyniphatic  system  seems  lo  be  more  direcUv 
invadod  ;  hut  such  invtisioti  appears  ca  go  on  much  more  slowly  anil 
in  a  much  more  localiscti  fashion  than  in  the  case  of  tuberculosis;  liie 
lymphatic  glands  are  tieldom  eidar^ed,  K,rid,  in  marked  contradistinction 
to  the  glands  in  tuberculosis,  they  present  remarkably  few  changes  ol 
uny  kind,  H8i>ecial)y  when  examined  nn^rely  with  the  naked  eye.  In 
consefpience,  however,  of  the  lymphatic  infection  large  areas  of  the 
lung  tissue  may  be  more  or  less  consolidated  ;  the  interlobular  septa  arc 
thickened  ami  fibrouK  looking,  whilst  between  these  there  i*  evidently  * 
pneumonia  exudation  from  which  a  little  clcjir  fluid  may  esatpe.  Thi» 
mass  of  lung-tissue  is  usually  moist  and  of  a  pinkish  colour,  and  here 
aiul  there  in  it  small  white  points  may  be  distinguish^].  These  pointt, 
when  examine*!  tinder  the  microscope,  are  found  to  consist  of  a  gi-oup  of 
air-eells,  crowded  with  leucocyt^js  surrounded  by  a  number  of  epithelioid 
cells;  whilnt  the  pink,  consiilidatcd,  moist  mass  consistji  simply  of  lung- 
tis»ue  in  a  stat4>  of  croupous  pneumonia,  in  which  the  lymphatics  of  the 
thickened  interlobular  septa  are  found  to  contiiin  an  exudation  similAr 
to  thill  present  in  the  air  -  vesicles.  In  certAin  cases  the  solidiflod 
portion  of  the  lung,  usiinlly  the  lower  edge,  is  more  like  the  white 
pneumonic  lung  of  Vircbow.  In  this  consolidaterl  mass  we  find  a  con* 
dition  of  chronic  Ijronchitis  and  perilaonchitis,  the  whole  bronchial  wall 
being  apparently  replaced  by  granulation -tissue  consisting  of  ronn<l  celU 
and  young  connective  tissue  ;  whilst  in  the  lung  near  or  around  this 
mass  we  have  a  con<lition  of  chronic  intei-stitial  pneumonia-  This  is 
usually  associated  with  the  presence  of  nodules  of  glanders  in  other  parts 
of  the  lungs.  When  the  nodules  are  close  to  the  surface  of  the  lung  the 
overlying  pleura  is  always  thickened,  especially  in  it«  deejwr  layer,  where 
the  thickening  is  ofton  the  rcstUt  of  irritation  of  the  Uiuphatics,  residtiiig 
in  iho  fonnation  of  fibrous  tissue;  it  is  sometimes  associated  aIao  with 
the  development  of  villous  fibrous  gramdatious  on  the  pteund  surface. 
Although  these  glanders  nodules  occur  most  frequently  in  the  lung, 
similar  norlules  may  be  found  in  the  lymphatic  glands,  or  liver.  They 
have  an  opatpie,  evidently  degenerated  centre  surrounded  by  a  capsule  of 
well  developed  translucent  fibrous  tissue,  or  the  whole  nodule  may  be 
grey  and  translucent,  aflbitling  evidence  of  a  reaction  of  the  con- 
nective-tissue cells,  and  of  a  tendency  to  recovery.  In  some  instHncos 
the  central  portion  of  the  nodule,  instead  of  becoming  cjiacous,  may 
soften,  and  in  course  of  time  "  burst  spontaneously  and  discharge 
pus "  (MTodyean).  It  is  now  generally  accepted,  states  the  same 
author,  that  all  the  more  rapidly  formed  nodules  in  acute  cases  are 
eomposcd  primarily  of  aggregated  polymorphotuiclear  leucocytes  which 


tppfltf  to  migrate   from    congested  vesseLs  (cliemiotaxis.  the  resiUt  of 
tlie  (tUnrtioii  of  the  glutidors  jM)iflon),  iind  then,  under  thu  infltieiice  of 
Uie  gluiders  bacilli,  tn  uridergo  a  rapid  nocrosis  (the  chroniAtouixiB  of 
Vtitu},    There  is  liltlo  reaclion  of  tiie  connective  tissue,  the  disease  runt> 
«  npid  couree  and  vmU  fatally.     ]n  this  special   form  of  ncci-oais  thu 
nuclei  of  the  cells,  especially  those  "  in  the  conirc  of  a  nodule,  Ijecome 
dJsorganiwMi   while  the  ccil-tMxIy  h  still   int^ict,  and  the  fragments  of 
chroRuitirt,  resuUitig  from   the  nuclear  di-sintcgmtion,  for  a  cutiBidcrable 
period   retAin   a  strong  uHinity  for  the   ordinary  nuclear   staiup.   .   .   . 
This  {H*i>uliur  ile^nerHiion  sets  in  ulnioHt  immediately,  and  the  nuclear 
{nffttituts.  fire  remarkalily  [>ersistent,  since   they  are  found  in  nodules 
tfji***-  lihrous  capsules  indicate  that  they  are  of  old  standing.     I   have 
/xrii  mwl  struck,"  he  conlinue«,  "  with  the  iniportjince  of  ibis  form  of 
necnwis    as   an    assistance   in    the    recognition    of   glanders    lesions    by 
o/wcning  that  it  occurs  not  only  in  the  ortlinarj*  circumscribed  nodular 
jitiejons,  but  i»  alfio  a  marked  feature  in  acute  difluse  glanderouR  ph'urisy. 
hi  such  cases  the  layer  of  fibnnous  lymph  on  the  surface  of  the  iuHamed 
pleura  contains  numerous  [)olymo>phonuclear  leucocytes,  which  are  here 
and    there   aggregated    into   cluiiterK   like    miliary   abscesses.      Similar 
collcelions  of  these  colls  are  met  with  in  the  same  position  in  the  much 
commoner  cases   nf  streptococcus   pleiiris}'   in   the   hur-se,   but  the   two 
U^xtns  Are  reiulily  (iiistinguishahle,  histologically,  by   the  fact   thiit  pro- 
nounced chromatotaxis  of  the  leucocytes  oceui^  iu  the  glanderous  pleurisy, 
while  it  is  entirely  absent  in  the  other." 

In  most  of  tJie  acute  cases  this  mass  of  degenerated  leucocytes  is 
by  a  zone  of  tissue  in  which  the  lymph-sp^ices — or,  as  we 
in  the  lung,  the  alveoli — are  filled  with  fibrin.  As  the  process 
becomes  more  chronic,  Le.  when  the  fixed  tissue-cells  have  had  time  to 
react  to  the  stimulation  sot  up  by  the  glanders  b<icilli  and  their  products, 
and,  possibly,  also  by  the  degeneratefl  tissues  anil  fibrin  (which  now  may 
be  looker]  upon  as  playing  the  part  of  foreign  bodies),  we  find  at  the 
periphery  of  the  nodule,  in  the  region  whore  the  tissues  thongh  not 
destroyed  are  somewhat  damaged,  a  marked  proliferation  of  the  fixed 
connective-tissue  cells,  later  the  fornuition  of  fibrillate*!  tissue  from  these 
multiplying  cells,  and  finally  a  well -developed  fibrous  capsule  to  the 
nodule.  This  constitutes  the  translucent  Kone  found  surrounding  the 
more  o[Kique  centres  in  so  many  of  the  chronic  glanders  nodules  in 
th«  lung.  Sir  J.  M'Fadyean  considers  that  "the  iK3culiar  degeneration 
(cbromatotaxis)  which  never  fails  to  set  in  in  the  central  pnrt  of  a 
glanders  nodule  "  and  "the  slight  tendency  to  peripheral  extuusion  which 
the  glanders  nodule  ordinarily  exhibits  "  are  two  features  by  the  aid  of 
which  the  glanders  notlule  may  infallibly  be  distinguished  fnmi  the 
ordinar)'  miliary  abscess.  W'hitrc  the  process  is  more  acute  this  localisa- 
tion may  not  tjike  place  :  the  ju'ea  of  degeneration  extends,  the  centre 
undergoes  marked  and  rapid  '*  punforni "  softening,  there  is  no  cell- 
reaction  on  the  part  of  iht;  connective  tissue,  and  the  limiting  fibrous  tissue 
xone  never  makes  its  appearance. 


It  is  evident  that  glanders  inuei  he  looked  upon  Ait,  ibo  local  and  oi 
ward  maiiifo&tatioii,  or  as  the  ^roup  of  priniary  phenomena  of  a  (mm 
pyaemic  condition  which  may  be  spoken  of  as  farcy  ;  indeed,  one  wrii 
(Bendall)  says  that  iis  the  malignant  {lustule  of  charbori  in  num  U  lo  tJ 
constitxaioual  ljlood-(H>isoning  of  anthrax,  so  the  local  glanderous  atTeccio| 
of  the  nose  is  to  the  general  pyicraia  of  farcy. 

Symptoms. — In  many  cases  of  glanders  there  are  absolutely  m 
symptoms  on  which  a  tnistworthy  diagnotsis  can  be  based,  and  it  is  on\y\ 
since  the  ii&c  of  mallein  ha.9  come  to  be  pro|>erly  understood  that  any 
accumte  estimate  of  the  numlwr  of  glaiidered  horses  in  the  stabler  of  our 
large  towns  haa  been  possible  (for  every  manifestly  glandered  horse 
found,  Sir  J.  M'tVlycan  calculates  that  at  tcjitit  five  will  re;icL  lu  the 
mallein  test).  The  earlier  doaci-iptions  of  the  tjympioms  have  almost 
invariably  been  taken  from  ordinary  cases  of  advanced  glanders,  and 
are  now  therefore  of  comparatively  little  %'alue  except  from  an  historical 
point  of  view.  The  oartieat  symptom  in  the  horse  is  usually  an 
unaccountable  /ftw  of  ccmditum.  Though  apparently  under  exactly  the 
same  conditions  as  regards  foixl  and  appetite,  general  hygiene,  exercise, 
and  work,  the  animal  falls  off  in  gunend  health.  Tiiis  falling  otF  is  often 
^Accompanied  by  more  or  less  polyuria,  and  is  generally  followed  by 
swelling  of  one  or  other  of  the  limbs,  usually  of  the  hind  leg.  in  which 
there  is  found  a  kind  of  inHammatiun  of  the  lymphatic  system — 
tjhndfrttus  iifmpkantritis ;  "farcy- buds"  and  "swollen  leg"  often  Iwing 
marked  fenture^  of  the  diseaAu  at  this  stage. 

Following  or  accom]>ariving  thejie  symptoms,  xufimnxillarp  enlnritrtnmt 
ami  itutiirofion  afford  still  more  positive  evidence  of  the  ptxjsence  of  the 
glanderous  condition ;  and  a  short  dry  cough,  indicating  the  presence  of 
some  le»ion  in  the  lungs,  is  often  met  with,  sometimes  before  any  other 
symptom  has  bad  time  to  manifest  itself.  The  frequent  occurrence  of 
this  cough  is  rwidily  understood  when  it  is  borne  in  mind  that  in  both 
farcy  and  glanders  the  lungs  are  so  frequently  iuvolvetl  tluit  it  is  held 
that  in  every  case  a  lung  lesion  may  be  found  if  a  carefid  enough  search 
be  made.  It  is  sometimes  stated  that  a  thin,  waterj'  discharge,  which 
gnulually  becomes  tliick,  viscid  and  ghie-like,  sero-purulent,  bloody,  and 
often  extremely  offensive,  is  pathognomonic  of  this  disease,  anJ  that  it 
should  always  be  Inakt-d  for.  When  present,  such  discharge  may  help  iw 
t^i  form  a  correct  diagnosis  ;  Imt  it  ha*  been  abundantly  provwl  that  no 
great  reliance  can  be  placed  on  this  fwiture,  as  it  is  only  found  in  thoee 
cases  in  which  nawU  ulceration  has  made  its  appeair.nce, — an  ulceration 
which  o(!cui'8  in  a  very  i^nudl  proportion  of  the  cases  that  come  up  for 
examinatiou,  and  in  these  in  the  later  stages  oidy  of  the  disease^  On 
e.vamining  an  advanced  case  of  glanders  the  mxicous  membnuie  of  the 
nose,  esjtecially  that  on  the  .•iepluni  tui.ti,  is  found  greatly  congestcil  in 
certain  arciis  ;  in  some  cases,  however,  it  presents  a  dull  leaden  colour. 
On  the  Mcptnm  iwtsi,  which  shoidd  always  l»e  exuniineil,  isniall  shotty 
nodules,  usually  surrounded  by  a  congested  zone,  may  be  seen  in  the 
e/Lrly  stages  of  the  disease ;  after  a  time  these  nodules  become  [lale  in 


ih centra,  softoa.  and  ulcerate,  the  softened  central  (xxiioii  escaping  and 
Inrmg  a  small,  deep,  circular  ulcer  with  a  sharply  defined  edge,  as  though 
tilt  ulcer  had  Ifcen  punched  out.     Aa  these  ulcers  increase  in  nmulwr  and 
welher  gradually  run  together,  and  form  serpiginiius  ulcers,  wbtcli  t>nce 
ncognised  cannot  «isily  be  mistaken   for  anything  else.     AVhen   these 
olnn  heal,   a^    they    soinetinies   du,    peculiar    elungateil    or   radiating 
nntrices  aie  left.     The  whole  of  the  ulceration  on   the  septum  is  not, 
^owvvflr,  of  this  chanicter.     In  some  spocimons  proseiTod  at  llie  Koyal 
Vfiiuinary  College  in  Camden  Town  there  is,  as  pointed  out  to  mo  by 
Sir  J.  M'Fadyenn,  a  kind  of  superficial   erosion  ;  l>eneath   these  ero<led 
nirfureA  there  appears  to  Ik;  very  little   infiUnilion,  and   it  may  be  that 
ika nipmHcial  ulccratiun  or  erosion  is  due  to  the  action  of  the  irritant  or 
discharge  from  some  of    the    punched-out  ulcers  on  the  surface 
til  the  mucotis  membrane  over  which  it  Howa.     The  two  conditions  are 
prrfectly  distinct,  though  the  second  form  is  not  ustmlly  noted.     >Vitli 
Uw  ulceration  there  is  often  swelling  of   the  nasal  mucous   nicnibntne, 
irith  coni*e<jnent  obstruction  of  the  respiratory  puKSiiges  and  a   peculiar 
"ehoking"  breathing.      At.  this  stage  marked  submaxillary  lyniphmlenitis 
U  often  present.     The  glands,  usually  swollen  and  induratc<l,  seem  little 
diBpOtted  to  undergo  suppurative  changes.     The  disejise  may  spread  to 
the  {rontal  sinuses ;  the  skin  on  the  forehead  becomes  thickened  and 
Bender ;  the  subcutaneous  lymphatics  in  the  face  and  tieck  usually  en- 
Urge,   aiid   when  ojjenetl   are   frc*(nently   found    to  contain   soft,  greasy, 
pyoid  material.      The  swollen  lymphatics  are  the  socallefl  Jarnjpiprs. 
Along  their  course  nwlular  <liIatations  may  usually  t>e  seen  ;  these  are 
flfttd  to  occupy  the  sites  behind  the  valves  of  the  lymphatics,     in  "h/tton- 
f9f€^^  moreover,  small   tnborctUar  nodules  are  met  with  in  the  skin  of 
tbe  Umbe,  or  more  rarely  of  the  abdomen  and  thorax.     In  these  jjositions 
the  s<M:all«l  "worms "are  often  seen.     The  limbs  (especially  the 
rhs  of  both   hind   limbs),  nRually  affected  at  an  early  stage,  are  stiff, 
hot,  aiid    tender ;    abscesses   foiTn,    sometimes   subcut;inconsly,   at   other 
times  apparently  in   the  substance  of  the  muscles.     The  matter  from  a 
newly-opened  farcy-bud  has,  as  a  rule,  very  distinctive  characters ;  it  is 
or  oily,  and  contains  but  a  small  number  of  leucocytes,  so  that 
\y  it  is  easily  distinguishable  from  sUiphylococcus  pus,  and  *'strangleji 
A   most  important  [xiint  is  that  glanders  liacilli  are  usually  not 
rery  abundant  in  farcy  pus  ;  on  the  other  hand,  other  organisms,  snch  as 
«taphyl<»focci  and  streptococci,  are  seldom  if  over  present.     It  follows, 
therefore — and  this  is  the  result  of  general  experience — that  if,  on  micro- 
scopical examination,  no  Uicteria  can  be  found  in  the  matter  from  a 
covopKratively  ^luperficial  lei^ion,  .such  lesion  is  probably  glanderous  in  its 
flsture :    aud    in    such    matter   ciUtivation    or   inoi-ulatiou    experiments 
lly   demonstrate    the    presence    of    the    IiiU-Uiu!<   rnnilfi,    even    when 
;iil  in  very  small  ntimbers.     The  appetite,  at  first  goo^l,  gradually 
impaired  ;  the  animal  loses  strength  and  flesh  :  the  cough  gets 
the  abdomen  is  retracted  ;   the  coat,  staring  at  first,  gradually 
EftUa  of^  and  the  animal  dies  of  exhaustion. 
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Farcy 


Farcy  is  seldom  a  pn'mary  disftiiie  in  the  horac.  hut  it  ap[)Can  to  b* 
the  usual  form  ol  the  disease  in  the  htimari  subject,  in  uhum  it  aBSUme* 
H  fonii  similar  to  glamicrs  experimontally  produced.  In  cxperiiuciilal 
glanders  the  malady  usually  apiwars  as  an  acute  or  genoralipcfl  pyirniic 
state,  and  the  discharge  frum  the  nose  and  other  nasal  conditions  nuike 
ihiMr  Hp|H-HnimM;  in  thi^  later  and  more  chronic  stages  of  thu  dideoAC. 

Morbid  Anatomy.  —  ThiKe  latri-  Atitgoa  are  iiauaily  chanictcriitfd 
by  the  presence  uf  niiiiu le  nodtilur  new  growths,  very  siniilu-  in 
strucDu'o  to  those  descrihud  in  the  lung  uf  the  boi*so ;  they  ar« 
made  up  of  migrated  loucocytea,  which  are  very  apt  to  undergo 
disint^gmtion,  especially  in  the  centre,  and  thus  to  give  rise  to 
minute  iib^es<ios  and  ulcers.  The»e  nodules  are  found  most  fre<)iientU' 
in  the  skin  and  subcutaneous  tisi^ue,  in  the  mucous  membranes  of 
the  organs  of  respinition,  and,  though  less  frei^uently,  in  the  intern:il 
orgaiiH,  In  acute  cases  the  ulcers,  which  as  a  rnle  are  exccotlingly  fold, 
seldom  heid  ;  but  in  cases  of  chronic  glanders,  healing,  partial  or  complete, 
often  occurs.  Farcy  in  man  has  been  well  described  jis  taking  the  form 
of  an  iicute  or,  more  rarely,  a  chronic  specific  pypemia,  charactei-iscd  by 
eruptions  on  the  skin,  on  the  nasal  mucous  membrane,  or  on  both, 
fre<iiu'ntly  aocoin|>anie<i  by  the  formation  of  intramuscnlar  ubscesses, 
ftometimcs  of  moimous  size.  The  ghmds  are  rarely  specially  aflectod  ; 
there  is  usually  inflammatory  '.edema  and  swctling  of  the  limba. 

Fus  is  often  found  in  the  internal  organs ;  in  the  kidney,  be- 
tween the  stomach  ami  Hplcen,  in  the  posterior  lobes  of  the  hmin.  in 
the  ahat'ts  of  the  bones,  and  acpai'ating  cartilage  from  1>onc.  In  acut« 
cases  t>midl  alisceaaes,  similar  to  those  in  the  lung,  are  also  found  in 
the  skin  and  nuicoUB  membrane.  In  the  huniun  subject  a  met^utatic 
lobular  pnoumoiua,  almost  idonlicjil  with  that  met  with  in  the  horse,  is 
often  observed :  it  is,  however,  more  acute,  there  is  often  intense  con- 
gestion around  the  pneumonic  area,  an<l  the  centre  of  this  area  undei^oes 
mai'kctl  softening.  In  or  around  this  pneumonic  area  the  arterioles  and 
capillaries  may  contain  fat  or  oily  eml>oli  (Bendall),  h  condition  supposed 
to  be  ilue  to  the  abtnorption  of  fat  from  the  rapidly  degeneiuting  or  fatly 
necrotic  tissue  of  the  nodules.  As  might  be  expected^  extravasations  of 
blood  from  the  obstructed  capillaries  often  take  place  into  the  sturound- 
ing  tissucfi.  In  acute  glanders  in  man  al>soesses  in  the  bone-marrow 
have  been  described.  Bronchitis  is  comparatively  common  in  acute 
COSCB,  e8p(M!tnlly  when  the  lung  is  alTectetl :  there  is  markt>>l  catjirrh  of 
the  epithelial  cells  covering  the  mucoiLs  membrane,  whilst  the  epithelial 
cells  of  the  muciparous  glands  may  disappear  altogether.  The  pustules 
and  nodules,  both  in  the  nasal  mucous  membrane  and  in  the  skin,  ap{»e»r 
to  havo  a  similar  structure  and  course  to  those  nodules  met  with  in  t4ie 
internal  organs  ;  these  have  been  summed  up  thus:  (i.)  an  accumulation 
of  cells,  which  (ii.)  rapidly  undergo  degenerative  ch/uiges  ;  (iti.)  congestion 
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of  tlra  MivTOtinHing  veuvls ;  (iv.)  ulceration  of  the  degenerated  tissue, 

vhjch  IB  luunlly  prectHle<l  by  <v.)  prolifornlion  of  the  epitheliul  co\'ering 
oiliie  papilla.*.  The  ulcci's,  lu  already  mentioned,  iifiually  occur  in  groups 
•ml  grmdiully  coidescing,  foi-m  a  serpi^nnons  ulcer,  often  of  con^idenible 
lizf.  'Dir  p\tmva8ation8  of  blood,  so  frequently  met  with  in  lliis  cundi- 
tiuR,  romo  from  Uie  dii^tended  vessels. 

Symptoms. — TJw  penod  ftf'  incubation  ;iher  inoc'ulutiun  may  be  very»hort, 
iUt5  ilays,  in  which  ca«o  the  [Miticnt  BUccumlia  rapidly  in  8  lo  18  days; 
or  it  may  bo  prolonged  to  one  or  two  weeks  01  even  more,  and  the  patient 
aijr survive  21  to  42  days. 

The  more  ncntc  forma  of  glandor»  or  f&i'cy  in  man — the  acute  and 
rafiocnU.* — are  very  dtflicult  to  diagnose,  especially  if  there  be  no  history 
(0  piidn  the  physician.  The  disease  is  charac'teriKCil  by  niulaiKe,  iiAusen^ 
cerebral  headache,  vomiting,  puins  and  tcndemcas  in  the  cpigiistriuin  and 
fayfMfchondrinm,  shivering  and  chills,  which,  however,  may  nut  and  perhaps 
a^uaUy  do  not  make  their  apiHTitiarici.':  until  the  later  uta^es  of  the  disease, 
when  ulcers  tind  alisccascs  have  formed.  There  is  u.suAlly  some  fever,  but 
ibi*  may  be  absent.  The  rise  of  temperature  is  permanent,  intonnittent, 
or  rcniiiurnt.  The  thtinnometfr  nuiy  register  102'  to  105  F.,  remaining 
Rl  ihc  higher  limit  for  fourteen  days.  '^I'he  ])nlse  is  full  and  respirations 
mn  rapid.  Again,  there  may  be  illdofinod  pain  in  the  muscles  and  joints 
of  the  bcu'k  and  limha,  and  the  disease  muy  Kinnilato  arnte  rhenniatit^m,  all 
these  tymptoms  appearing  within  twenty-four  hours.  The  jtutient  may  fall 
into  an  listhenic  comlitiun,  and  then  into  a  "typhoid"  st4ite^  and  become 
deaf,  duit,  semi-oomatosi%  and  (inally  into  a  muttering  delirium,  coma,  or 
eonpleie  unconscion.sness.  In  such  cases  the  disease  may  be  mistaken 
fcir  maUtriu  or  for  pyaemia.  1'here  18  often  intense  nervousness  and 
tmtabiiity  in  ttie»?  cases.  Marked  giutro-intestinal  distuibance  is  oflt'ti 
a  prominent  feature.  Anorexia  and  nausea  arc  commonly  accompanied 
by  corutipcition.  followeri  perhaps  by  very  ofTi-tisive  diarrhrea.  There  is 
usually  oxccs-sive  ihiiist,  and  the  secretions  are  scanty.  The  gums  become 
ififlamcil  and  small  pttstules  or  hieraorrhagic  ulcei-s  appcjLr  on  them  and 
on  the  hard  palate.  The  fauces  are  dry  and  red  or  almof^t  black  ;  the 
UiQgue,  of  the  same  d^^lour,  is  usually  thickly  coatee).  wtiilHt  on  it« 
posterior  aspect  small  ulcers  may  bo  seen.  The  tonsils,  the  submiixillary, 
•iiblingual.  and  parotid  glands,  with  their  as.Rocialed  lymphatic  glands,  arc 
often  swollen  and  intlamed.  There  may  be  marked  congestion  of  the 
larynx,  »tometimes  associateil  with  the  characteristic  pustules  and  super- 
&cial  ulcers  in  this  positioti.  and  with  marked  hoarseness  and  aphonia, 
oben  due  to  infiltration  of  the  vocal  cords.  Abundant  watery  or  viscid 
nasal  discharge  is  commonly  prescTit  in  the  early  stjtgcs  of  the  disease, 
later  it  may  become  purulent^  ha^morrhagir,  and  oflcnsive ;  ulceration, 
though  present  in  acute  cases,  is  not  so  frequent  in  man  as  in  the  horse. 
The  nose  is  often  swollen  at  the  base  and  over  the  bridge,  and  is  hyper 
lie  and  hyi^ersensitive ;  dried  criiste  of  mucus  raix04t  with  pus  and 
may  accumulate  in  the  nose  and  give  rise  to  marked  obstruction. 
Small  and  superficial  red  and  purulent  variolous -looking  pustules,  which 
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dischitrge  a  fetid  serous  or  sero-sangiiineous  fluid,  are  often  accoiupaiiied 
or  followed  by  nlcemtionB  of  the  mucouB  nieml>rn.ne  of  the  nostrils,  and  \*i 
the  canibigrt  of  the  sepuim,  which,  together  with  tho  vomer,  may  be 
perforated. 

Farcy  may  be  distinguished  from  ordinary  pvipmin  by  the  prescm 
of  these  various  akin  eruptions.      The  more  common   of  these  ui"c  fiini 
circumscribed  erysipelatous  patches,  which  simulate  very  closely  errthenia 
nodosiiTH.     These  patches  ofl«n  become  the  seat  of  pustiUes  or  of  |'lil)i- 
teme,  whilst  in  some  cases  gangrene  of  the  skin  aupeivenes.      BuUw  oi 
various  sizes,  contAiiiing  a  sero -purulent  tluid,  are  also  often  met  with: 
when  they  burst  a  raw  surface  is  left,  or  if  they  dry  up  a  hard  crus(, 
often   mixed   with  blood,  remains   to  nuirk   the  seat  of   the   bulbL     A 
pustular  rash,  similar  to  that  fotmd  on  the  mucous  membrane^,  and  som^ 
what   like   that  of  sniali-])ox,  but  without   nmbilicated   pustules,  its  ids'; 
often  niut  with.     The  pustules,  which  coaimcnce  jls  small  red  spot^i,  are 
somewhat  irregular  in  shape  and  size ;  they  are  placed  on  an  inflamed 
base,  and  they  may  be  surrounded  by  a  white  wheal-likc  ring.     These  do 
not  dry,  but  form  small  ulcers  which  ruti  together  to  fonn  larger  ai>reii. 
In  some  cjises  marked  tedematous  swelling,  similar  to  that  observed  around 
the  al)8ce»a  in  other  jwrts  of  the  body,  surrounds  the  fuiumles,  especially 
those  situated  on  the  face.     This  pustular  rash  is  of  very  grave  siguifi- 
cance,  as  when  it  once  makes  its  appearance  recovery  seldom  if  ever 
t;tkes  place. 

Circumscribed  swellings  and  midtiple  metiistatic  symmetrical  (embolic) 
abscesses  affect  the  subcutaneous  tissue,  the  nuiscles,  sheaths  of  tondnns, 
fjisciat,  bones — especially  of  the  skull — causing  noci-oseH  or  softening  of 
their  sul>&tance.  ami  joints,  which  may  be  distended  \vith  fluid.  These 
abscesses  are  the  one  constant  fejiture  of  the  disease.  They  foi-m  rapidly 
—within  forty-eight  hours — the  tissues  aroun<l  them  are  soft,  riod<len,  and 
phlegmonous,  and  break  down  readily.  At  first  they  arc  hjirtl,  tlicy  then 
soften,  and  the  |jatienl  has  all  the  symptoms  of  pvEpraiu.  They  oft^n 
point  beneath  Indlnus  puBtuhtr  fiatches  or  are  covenMl  liy  intensely  in- 
flamed skin.  On  pointing  and  bursting,  or  Ijf  ing  inciSL-d,  the  inner  surface 
of  the  wall  is  found  to  be  very  i*agged,  and  huge  fold  ulcers  ur  sinuses 
are  fornietl,  which  have  a  rough  granular  etlge  and  base,  ur  walU,  but  no 
pyogenetic  morabnmc,  so  that  the  pus  often  infiltrates  the  ini^rmuscuUr 
tissue  and  sometimes  makes  it«  way  into  the  juiiiU.  The  matter  dischargee] 
hiis  a  dirly  grunioua,  darkish-brown,  j)urulcnt  ap[>caniiice  ;  or  it  may  con- 
tain l)lood,  sloughs,  d6bris,  and  pus-celis,  and,  according  to  Dr.  iJendall,  « 
considerable  (piantity  of  free  oil.  There  is  usually  swelling  and  redness 
of  the  lymphatics — lymphangitis — espc-'ially  near  a  wound  or  bruise 
which  has  become  infected,  but  general  lymphatic  infection  is  not  so 
common  as  in  the  horse.  The  swellings  found  on  the  forehead,  arm,  and 
leg  vary  in  sine,  tx-iug  from  one  to  three  inches  in  diameter.  The 
smaller  swellings  are  often  mxtular :  the  larger  ones  fluctuate  ut  an 
early  stage.  It  must  be  remcmltered  that  glancters  is  often  com- 
plicated by  various  coccal  infections  and  other  pysemic  processes. 


tndc  Albaminuria  ir  founds  and  the  urine  is  loaded  with  albumin; 
MBitUmcs  the  urine  gtveH  the  iliazo  reaction.  Intense  prostration  Biii>er- 
ti*ii0,  there  is  great  cmiiciation,  the  heart  is  ncak  and  often  dilated,  and 
ihrrvwu  signs  of  ciixidator)'  faihire.  The  leiiiperature  falls,  congestion 
ti  tbo  luiigs  and  A<'>molinie«  pleuro -pneunionift  setH  in,  the  respinitioii 
Ucomes  weak  and  laboured,  and  the  patient  succumbs  in  a  state  of 
«tmne  exhaustion.  Acnte  farcy  is  an  exceedingly  fatal  disease,  only 
*ijmr  4  to  8  per  cent  of  the  patients  recovering — death,  na  we  have  seen, 
Ltkittg  place  in  from  one  to  three  weeks. 

The  dfa^OSis  of  chnmk  fjlaudeu  nml  of  jiiraj  in  the  human  suhjedy 
i^an  inmi  the  hislor}'  of  the  Ciise,  is  oijiudly  a  mutter  of  extreme 
diificiUty,  especially  in  the  early  stages  of  the  disease,  when  there  is  no 
rrjfJcnt  point  of  entrance,  or  when  the  wound  lia»  healed  or  the  infec- 
tron  has  taken  place  through  an  old  wound.  There  is  no  itn'tijd  stage,  tho 
incubation-jieriod  Ix'ing  said  to  terminate  with  tho  manifestation  of  acute 
«nnpt«ms.  Its  i)resence  is  not  ushered  in  iiy  rj^on*,  though  fever  is  a 
much  more  prominent  feature  in  man  than  in  the  boi-se,  and  the  course  it 
TxwB  is  very  variable,  sometimes  extending  over  a  period  of  years.  It 
may  be  stated  generally,  however,  that  all  case*  that  extend  tieyoiid  forty- 
tiro  days,  and  have  an  iuculwUicni-iK'riixl  of  more  than  ten  days,  are  to  be 
looked  upon  a$  being  chronic.  The  Hrst  thing  noticed  may  Iw  a  rosoolous 
tm^  which,  disapiwuring,  may  be  followed  by  a  cro}>  of  piLpulcs  or 
pastilles,  or,  again,  there  nmy  ho  a  kind  of  crysi[)elatouii  redness,  often 
ven*  ill-defined,  but  fairly  constant,  extending  over  the  whole  face, 
followe<l  by  subcutaneous,  |)crioateal,  and  intramuscular  abscesses  which 
ni»ver  remain  stationary  ;  tljese  may  spread,  sometimes  rapidly,  but  lator 
they  have  a  marked  tendency  to  heal.  Such  al>scesses,  which  are  often 
found  in  the  skin  and  subcutaneous  tissiio  of  the  foivhead  and  eyelids,  and 
in  and  arounrl  joiiit*,  seldom  on  otlier  serous  surfaces  (Tedoschi  records  a 
CMse  *if  fhronic  osteo-myelitis  due  to  Bncilht^  ituiUri,  which  was  followed 
fatal  glanderous  menitigitis,  apparently  the  result  of  ifacti'rial  emlx^i, 
iple  or  niixe<l),  contain  yellow  viscid  or  oily  pus,  especially  when  they 
are  deeply  situated,  and  discharge  on  the  surface  by  sinuses.  The 
pranolat ion- tissue  is  very  Habhy  and  unhealthy,  and  the  fluid  flineharged 
Ik  sero- sanguineous,  containing  a  iiiunlH*r  of  leucocytes.  When  the 
abeoesftca  are  opened  asepticjdly  a  few  liacilli  may  be  demonstrated.  It  is 
int»reeting  to  note  that  these  phenomena  usually  manifest  themselves  on 
lh«  finger?,  limbs,  and  face,  seldom  on  the  niuutl,  buccal,  or  conjunctiva! 
mucous  membranes  or  in  tbo  lungs,  ixs  primary  lesions  in  the  chronic  form 
of  the  ducaM.  Indeed,  abundant  nasal  discharge,  ulcer  formation,  which 
occurs  in  about.  .10  per  cent  of  the  cases  with  septal  and  jtalaLal  porfora- 
tioo*  and  artection  of  the  lungs  must  be  looked  U|K>n  as  evitleuco  of  an 
iciit«  process  or  as  secnri<larv  phenomena  which  usually  only  make  their 
appeKrance  shortly  before  the  death  of  the  patient.  Similarly  tho 
lympiuttic  glands  and  the  testes  are  not  usually  affected  in  roan,  but  a 
lencocytosifi  often  makes  its  appearance  in  these  chronic  cases.  One  of 
the   inoet   striking    features   in   such   cases  is   the   alteruatiou   of   tho 
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(lustructivfl  ami  the  heating  procuHsoa.  Al>8ces8efi  may  uppeiir  to  heal, 
only  to  lirenk  out  again  after  an  interval  of  months,  invasion  and  arrest 
of  the  tlistiase  processes  fuUowing  one  another  at  irregular  itiitirvaU.  Oue 
case  iH  iTtcorded  in  which  thu  (ti4e;is(^  waa  uhronic  fur  three  yeait),  it  then 
became  latent  for  three  years,  and  finally  bccamu  acute  and  killed  tlufr, 
patient  When  the  healing  process  is  long  retarded,  thedischargeii,  especiallj 
wiiRn  nasal  or  buccal,  may  become  extremely  otfensivo.  In  certain  c 
tliero   miiy  ho  marked  congestion  or  even  ulceration  of   the  larynx  or 
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trachea,  accompanied  by  tjedcma  of  the  glottiis,  giving  rise  to  a  peculiat 
hoarseness  or  huRkinens  and  coughing.  Pulmonary  complications  are 
com[taratively  rare  in  chronic  farcy. 

Babes  Hescriiiej^  a  cotKlition  in  man,  which  coiTOttponfls  to  the  masked 
or  latent  glanders  in  the  horse,  in  which  encapsulcd  nodules  are  found, 
especially  in  the  lungs ;  such  cases  can  only  be  diagnosed  during  life 
by  the  use  of  malleiri.  In  one  case,  a  grootn  who  died  from  chronic 
nephritis,  norlules  were  present  in  various  pJirts  of  the  l>ody  ;  fi-ora  these 
nodules  cultures  of  the  BticUlus  jiuxllei  wore  obtained  Another  series 
of  cases  is  mentioned,  usually  in  coachmen,  grooms,  or  men  working 
amongst  hoi*ses,  in  whom  death  was  apparently  due  to  intercurrent 
diseases  ;  in  them,  after  death,  have  been  found  noihiles  identical  with 
those  fouml  in  latent  glanders  of  the  e4|uine  K^iecies:  these  cises  are 
suniK)sed  to  bo  cured  or  in  a  fair  way  to  recover.  The  lesion  invariably 
consists  of  a  nodule  or  mass  of  hard  sclerotic  tissue  ynth  a  calcified  centre ; 
these  nodules  are  found  studding  the  lungs,  and  are  usually  accompanied 
by  ])leural  adhesions  of  old  standing.  They  may  also  be  found  in  the 
mediastinal  and  Ifronchial  glands,  and  in  the  spleen  and  liver.  The 
lesions  in  one  of  these  uises  of  mixed  glandere  took  the  form  of  chronic 
ulceration  of  the  leg,  which  lii'st  healed,  then  broke  out  again,  and  afiei-  a 
time  was  followed  by  high  fev.?r,  local  gangrene,  and  the  formation  of  au 
abscess  in  the  cellular  tissues  of  the  leg.  In  this  case  the  organisms 
present  were  found  to  be  Staph tfl'tcocrus  pi/wjenes  aurfus  and  the  litifiiht-ft 
nudUi;  from  wliich  Babes  concludes  that  the  attenuated  glanders  Willi 
may  give  rise  to  the  formation  of  chronic  nodules,  which  do  not  become 
acute  until  certain  pyogenctic  organisms  gain  access  to  them.  These 
mixed  infections,  however,  are  of  comparatively  rare  occurrence,  and 
few  observers  have  l>een  able  to  corroborate  Biil>e3  on  this  ]>oint. 

A  rise  of  temperature,  various  forms  of  skin  eruptions,  especially 
irhen  they  nnd<»rgo  rapid  change  of  tyjie,  new  crops  of  lesions  appearing 
at  int<?rvalfl  with  partial  or  complete  healing,  :ue  very  ehai-acteristic 
symptoms  of  this  prolonged  condition.  In  chronic  farcy  the  fatjdity  is 
com|»aratively  low.  Acconiing  to  some  oliservers  over  00  per  cent  of  the 
cases  recover,  the  disease  usually  running  its  course  in  about  four  months, 
though  there  ai-c  many  exceptions  to  this  rule. 

Syphilis  and  tuberculosis  are  the  two  diseases  with  which  chronic 
glanders  may  be  moat  easily  confounded,  but  even  when  they  have  l)een 
eliminated  the  diagnosis  is  often  a  matter  of  great  difficulty,  and  u\  numy 
cases  can  only  bo  made  by  a  careful  use  of  cultivation  methods  and  of 


i»4  method  of  inociilfttion  of  malt^  ^;Hino.vpiga  (see  p.  208).     fiir ,!. 

M  !  nJ)'t»u  fioinU  out  that  in  the  case  of  gbiriiiers,  of  the  horse  at  iiiiy  rate, 

I       ihf  aggltittiiatioti   test    niay   be   iitiliriud,  ag^^hitination  of   a  culture  of 

tbc  BiKiHojc  uuiUri  being  btx>ught  about  by  ^^-^  dilutiou  of  the  scrum  of 

III  ttntrciilcd  glnridered  horrte,    but  unly   irilh  u  dilution  of  ^^  of  tiie 

j^H   imnn  of  a  nomiiil   hui-w.     I'hc  palhogeiiieity  of  the   bacilli  Hhould   be 

j^^BtHtodoa  Mveral  unimuls — and  should  never  be  settled  by  one  or  two 

P^p    tot*— M  bacilli  of  extreme  vindence  may  sometimes  be   isolftt«ii  fntni 

^m      aulcrift]  taken  from  chacs  in  which  Incal  herding  is  Hp{>arcnLiy  goin^  on. 

H      TIbi  clironic  form  very  often  ends  in  the  acute  form,  eomxi,  and  general 

H      tfol^Me;  indeed  At  one  time  this  was  said  to  Iw  the  invariable  termino* 

■       tun.  but  since  the  introduction  of  mallein  as  a  diagnostic  agent  it  Iuls 

r       iwn  found  that  cases  of  chronic  or  '*  luttint  "  glanders  may  recover  ;  this 

II       probably  (K*ourfi  much  n)oi*e  frequently  than  was  at  one   lime  supposed, 

ju  large  a  pmportion  as  50  per  cent  Iwing  said  to  recover.      It  is  well  to 

JiMir  in  mind  thit  the  slow  development  of  the  disease  rather  than  the 

nombcr  and  extent  of  the  lesion^^  is  what  we  must  look  to  as  afl'oivljng 

iodicalioo  of  a  favourable  prognoait^.      Slow  healing  of  most  of  th«  soroa, 

with  now  and  again  a  more  rapid  closing  of  a  single  sore,  may  also  l>e 

looked  upon  aa  l>eing  a  sign  that  the  diseuAe  may  lake  a  favourable  turn 

ftnd  eod  in  recover)-. 

Afl  already  noted,  the  diseases  that  are  most  frequently  mistaken  for 
chronic  glanders  are  luberculosi-s  and  sy^ihilis.  To  distinguish  tuber* 
caXtima  the  tubercle  bacilliu  may,  of  course,  be  taken  as  pathognomonic, 
whilst  the  effects  of  mercury  and  itxlide  of  potassium  in  syphilis  and  their 
lock  of  action  in  gUnders  ai*e  held  to  justify  a  diagnoeis.  Chronic  pyu.*mis 
is  HOC,  aa  a  rule,  ditticult  to  diagnose,  if  any  history  of  the  uise  um  l>e 
ofaCAined.     {ViiU  vol.  i.  p.  888.) 

On  comparing  the  acute  and  chronic  conditions  it  will  bo  recognised 
that  the  wutf  disease  is  characterised  by  many  of  the  feutuivi>  of  the 
chronic  form,  the  main  difference  being  that  in  the  one  the  prooesaee  are 
distribute"!  over  a  much  lonj^er  period  than  lliey  are  in  the  other.  The 
actite  form  is  almost  invariably  fatal  when  the  lungs,  the  gastro-intestimd 
tract,  or  ihc  kidneys  are  affected. 

Formerly   the   diagnosis   l>etween   glanders   and    the   various    coccal 

pyogvnetic  infections,  bacterial  supjniration  and  the  like,  was  a  matter 

ol  aotne  difficulty.     The  other  diseases  for  which  it  is  most  frc(|uently 

mJstaktfn  are  rheumatic  fever,  inHucnziL,  and   typhoid   fever,  espocially 

a*  in   tlie   latter  disease   periostitis  may   occur.      This  condition,   hnw- 

crerr,  does  not  come  on  until  a  comiianitively  late  stage   in  any   c;u»e 

of  typhoid  fever.     The  cnltuml  and  injection  nu^thods  now  ]idoptc<]  are 

lly   sufficient  to  enable  a  diagnosis  to   he  mode  in  most  of   these 

bifiil  cases  though  it  must  be  remembered  that  in  the  later  stages 

glanduni   streptococci   may  be  funnd    living   in  aasoeiution   with   the 

nders  bacillus. 

Treatment — Acute  fan^^y  in  man,  unle-iii  it  is  strictly  localised,  i*  of 
tu]iiirauvcly  slow  onset,  and  invades  none  of  the  internal  organs,  is  so 


uniformly  fabtl  that  treatment  h  of  little  avail  except  for  the  protection 
of  others  ;  in  chronic  farcy,  however,  from  which  some  50  per  cent  oi  the 
cases  recover,  although  very  slowly  and  after  a  very  tedious  au<l  dis- 
appointing courw.  inimcrous  methods  of  treatment  have  from  time  lo 
time  been  adopted  :  iodide  of  potassium,  aconite,  mercury,  iron,  arsenic, 
and  strychnine  have  all  been  !iae<l  in  turn,  hut  with  little  or  no  good 
eH'ect.  The  mercurial  treatment  is  said  to  hring  down  the  fever,  but  it 
exerts  little  influence  in  stopping  the  sprojul  of  the  disease.  As  rcgartls 
prevention  in  l>oth  iK'ute  anil  chronic  cases,  the  patient  and  his  friends,  or, 
in  the  case  of  the  liorse,  those  dealing  with  the  affected  animal,  should  be 
wanied  of  the  danger  of  infection  by  the  discharges  from  the  wound^ 
nostrils,  etc.  These  wounds  should  he  washed  with  ytiW  corrosive 
suljlimate,  and  covered  with  a  dressing  soitked  in  a  similar  solution. 
Any  wounds  smeared  with  discharge  from  a  glandered  subject  should  be 
washed  at  onc«  with  corrosive  sublimate  and  then  caut«rise<l  with  u 
thermocautory.  Dr.  Bendnll  considers  that  the  best  treatment,  especially 
in  the  earlier  stages,  is  local  destruction  of  the  primary  sore,  the  applica- 
tion of  chlorinated  or  similar  lotion  to  the  mucous  membi-ane  of  the  noM, 
and  tf>nics.  He  adds,  however,  "in  a  future  case  I  should  o[>en  every  al^ 
Bcess  as  it  appeared,  and  administer  Ixinzoate  of  80<la  at  fre<^uent  intervals." 
Curetting  of  ihii  iilwet'ss  and  of  all  notlules  as  they  are  formed,  and 
stuthng  with  iodoform  after  washing  out  with  b  per  cent  carbolic  acid, 
is  also  strongly  recommended.  Nicolaier  suggests  the  poulticing  of  hard 
phlegmonous  |iartA  with  acetate  of  aluminium,  and  Garre  cauterises  the 
ulcers  of  the  nasid  mucous  membrane  with  zinc  chloride  ;  while  without, 
or  in  conjunction  with,  tiiis  treatment  a  spray  or  douche  of  permanganate 
of  poUksh  or  insullIaLion  of  iodoform  and  Umnic  acid  should  l»e  tried 
Bonon»e  reeommends  the  use  of  carbolic  acid  in  the  same  way,  and  there 
call  be  little  doubt  that  some  such  treatment  would  probably  be  useful 
Bonome,  also  following  Balfe»,  has  used  mallein  in  the  treatment  of 
chronic  glanders  in  man.  He  fomid  that  injected  in  doses  of  two  or  three 
drops  it  was  followed  by  a  rise  of  temperature,  then  by  swelling  of  the 
mucous  membrane  of  the  eyes  und  nose,  incre^ased  frequency  of  the  pulse^ 
and  an  increase  in  the  oxcrotion  of  the  urine  ;  the  respiration  remained 
uonual.  After  several  injections  these  symptoms  became  less  marked ; 
the  loe-al  (edematous  painful  swelling,  at  fii-st  a  marked  feature,  soon  dia- 
appeai-cil ;  the  tom|>ei*at!U'o  gradually  became  subnormal,  and  there  wa* 
great  [wlniria;  but  no  albumin  or  sugar  appeared  in  the  urine.  The 
continued  injection  of  vr'^th  to  ^jth  e.c.  of  maJlein,  at  intervals  of  two  or 
three  days,  was  followed  in  a  couple  of  months  by  marked  improvement, 
less  swelling,  healing  of  the  ulcers,  diminution  in  the  amount  of  nasal 
discharge,  and  general  improvement  of  the  [xitient's  condition.  GlaiKlered 
horses  treated  in  the  same  way  gradually  lose  the  nasal  discharge,  and  the 
swelling  of  the  glamU  disappears,  and  no  also  do  the  ulcers  of  the  naaal 
mucous  nif-ml^rane.  >Sir  J.  M'Fadyean.  who  lia.«  kept  horses  undergoing 
such  treatment  under  observation  over  considerable  periods,  has  ol^served 
that  both  Uie  local  and  temperature  reactions  graditally  become   leas 
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Dtrked  ftod   ultimfttely  disappear;    how  far   these   improvempiitfi  are 

penmoent  &till  remains  to  be  ^een.     This  fails  not  boon  coiiHrmuil  bv 

Zieler.     Xocani   stated   that  he  has   denioiistmtoil   that   in   horacs  and 

dogg  A  primjiry*  infuclioti    aucceasfiilly    surmountod    does   not   increase 

tht'  (K)n'crs  of  rosistanco  to  the  glandci*  virus,  (".^.  one  attack  confers  no 

rmtiiiiiijty  against  a  second.     It   is   now  accepted   by    most   veterinary 

i.vM  that  in  cases  of  chronic  glanders  an  animal  that  is  placed  in 

-  -i  hygienic  comlitions,  is  well  fed,  and  not  overworked,  is  much  more 

v  N)  recover  than  an  animal  not  so  conditioned,  and  it  win  liaiilly  Ik; 

\-\'W,K*\  on  too  strongly  that  the  human  subject,  to  have  the  best  chance 

'  I  ivL-<)vcrv',  mnst  he  placed  in  similar  favourable  conditions,  especially  as 

:ai.ij-  iit»uri-hing  food,  rest,  and  fresh  air.     In  all  Cfisea  in  which  there 

■il>pi.i;>  lu  be  impmvement  for  a  time,  it  must  be  remembered  that  there 

ti « tifinpomry  *'  weakening  "  of  tho  discsise,  and  that  ulcers  and  abscesses 

tniycome  to  a  standstill,  and  even  npi»rently  heal  (as  in  certain  experi- 

mentj  that  have  been  cjirried  oxit  with  immune  senim),  and  then  lueak 

out  Again,  shewiiij^  that  the  patient  has  not  been  cured.    Indeetl,  i\»  quoted 

•bore,  A  horse  that  has  rocovered  from  one  attack  is  found  to  possess  no 

fcnaicr  immunity  against  a  second  attack  than  an  "  unpixitected  "  animul. 

Senun  from  an  immune  animal,  hoi*8C  or  cow,  is  said,  however,  to  exert  a 

oeruin  immunising  or  protective  influence  on  cats  and  guinea-pigs,  causing 

prutongation  of  the  disease  and  putting  off  the  dejith  of  the  animal  from  five 

to  twenty -*)ne  or  even  forty-two  days.      Morc<Jver,  donkeys  treatcil  with 

oalldin  and  then  with  dead  glanders  bacilli  are  sjiid  to  yield  a  curative 

tnd  protective  serum.     It  appears  that  up  to  the  present,  nothing  more 

tW  a  very  transitory  immunity  has  ever  been  obtained  by  the  use 

of  antimiLlloin  serum  in  horses.     Although  an  effective  immune  serum 

will  continue  to  bo  eagerly  sought  and  studied,  early  surgical  interference 

»i£h  the  knife,  sharp  8p».>on,  and  cautery,  nourishing  foo<l  and  antiseptic 

ind  palliative  drug  troatiueut  constitute  up  to  the  present  the  main  agents 

ia  the  treatment  of  glanders  and  farcy. 

G.  Sims  Woodiibad. 
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ANTHRAX 


By  JoQx  Hesry  Bell,  M.D.,  and  Tuomas  M.  Lsoas,  M.D. 

Strostms. — SpUnieftv&r;  JVod-s&rt^^  dimiSi  ;  Malignant  pv^hile  ; 
J»thmc(rmui  ;  Charhon  ;  Anikrax  malin  ;  Mihhrand ;  Mycosis  intttstitialig. 

Sbort  Description. — A  specific,  highly  contagious,  and  infectious  disease, 
wama  to  man  and  inoBl  vertebrate  aniniaU.  (hie  to  the  presence 
if  die  /ii'i7/w.<  nuthrads  in  the  tissues  of  its  host.  At  the  points  of 
'ii--.>iuction  it  multiplies  rapidly,  and  is  conveyed  by  the  blood-  and 
L^uiiiti-strfams  to  other  partH  of  the  hody  ;  by  ita  enormous  numbers  it 
^i"•kB  the  capillaries,  eaiuing  innumerable  hji;niorrhagcs  in  the  organs 
^  tiMues,  and  effusiona  into  the  serous  caWties  and  cellnlar  tissue  ;  and 
t>y  it8  special  toxic  pnxluct.s  it  produces  great  depression  of  all  vital 
faiKtions,  vbtch  often  ends  in  death  within  a  few  days. 

fllstory. — Anthrax  has  been  known  from  early  historic  times.     The 

•ineriptions  given  in  Biblical  and  ancient  classical  records  of  devastating 

pbgues  among  doiucstic  animals  conespond  very  closely  with  those  of 

WBe  destructive  epizootics  which  spread  over  the  continent  of  Europe 

(iohng    the  -Middle  Ages,  and  also  with    others   of    more  recent   times, 

irfaicb,  altbuugb    they  did    not  cover  such  extensive  ureas  of   countr}'! 

dntroyed  vast  numbers  of  animals,  and  are  known  to  have  been  anthrax. 

It  was  not  until  near  the  end    of    th»-  iiixteenth  century   that  this 

(fisetae  uras  suspected   to   Ih:  communicable  to  man  by  eonUigion  from 

utinikla.      The  seventeenth   and   eighteenth  centuries  were  remarkable 

for  the  widespread  devastation  caused  by  it  throughout  Europe  \    and, 

Although   it  wa:^  well  known  to  veterinarians  at  that  time,  it  was  not 

until  towanl.-^  the  close  of    the  eighteenth  century  that  the  disease  in 

■tan,  which  had  previously  befii  ooneidered  .is  carbuncular,  was  known 

to  be  the  $:ime  as  charhon.  which  wris  so  prevalent  amiiug  cattle,  and 

10  be  communicable  fiom  them   to  man.      In  his  book  on  Anihrax  in 

JfiunaUt  published  in  1  /SO.  Chalien  Hrst  distinguighed  the  different  forms 

uf  anthrax  from  other  septic  and  gangrenous  diseases  of  the  skin  which 

had    bfen    included    under    the   same    name.       lie,   however,   failed    to 

;i»e  symptomatic  anthiax  (black  quarter,  Hiiuschl)mml)  as  a  distinct 

From  hia  time  littlo  advance  was  ma<le  in  oui-  knowledge  of  this 

ve  that  it6  contagiousness  in  animals  was  proved  experimentally 

Butb^lemy   in   1H23 — until   the   appcarani^e   of   the   classical   work, 

■ttinly  on  the  epidemiology  of  the  disca.'^c  in   animals  and   man  in  all 
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parts  of  the  world,  by  Heitsiiiger  (22)  in  1850.  In  1886  Wilhelm  Kocb 
gave  a  detailed  suramKry  of  tho  knowledge  gained  up  till  then  on  arithrar.^ 
in  u  book  which  is  t-epeciidly  valuable  for  the  full  references  it  contiiiiis  v> 
the  prtnioud  liipnituro  uf  the  subject. 

Bacteriology. — The  important  rliscovcry  of  the  liucillus  anlhrarjt,  whicb 
U  the  immediate  cause  of  the  disease,  was  made  in  the  .year  1830  by 
liayer  and  Davaino  conjointly.     They  descriijed  "  little  filiform  bodifis, 
in   length   double   the   diameter    of  a   blood -corpufiolo,    and    having  no 
spontaneous   movements,"   in   the    blood    of   aaimals   that   had   died 
splenic    fover ;    but    they   failetl    to    recognise    their    importance. 
the    year   1855    PoUendcr    published   a   statement    that    he    had   ia 
1849    noticed   a   countle-ss    number    of    fine    non  -  motile    straight 
without  branches  in  the  blood   of  cattle  that  had  died  of  anthra.x.     Hi 
asserted  the  vegetable  nature  of  these  bodies,  but  gave  no  explanati 
of   their   origin.       Brauell    in    1857    noticed    similar   bodies    in    bl 
which  had  been  talcon  r»  few  hours  before  death   from  a  man  siifferin 
from  anthrax.     With  this  blood   he  inoculated   horses  and  sheep,  a 
thus   producefl   in   them  anthrax,  from  which   they  died  ;    he  did  n 
however,  ascrilw  any  importance  to  these  bodies  as  a  cause  of  anth 
Delafond,  in  18G0,  noticed  that  this  organism,  when  it  developed  o 
side  tlie  animal  bi)dy,  assumed  the  form  of  long,  undulating  filamon 
as  distinguished  from  the  short,  straight  rods  seen  when  it  grow  withi 
the  living  bofly ;  he  further  asserted  his  belief  that  they  originated  froi 
spores.     During  the   following   few  yeai's  Pastem-'s  brilliant  researchi 
into  the  importance  of  the  influence  of  microbes  in  fermentation,  pu 
faction,  and  various  forms  of  disease,  stimulated  others  to  work  in  the' 
s<ime  direction.      In  18G3,  Davaine  {11)  resumed  the  investigations  which 
ho    had    discontinued    thirteen    \'ears    before.       These    researches    we 
carried  on  for  many  years,  till  in  1873  he  asserted  positively  that  th 
rods,  which  he  culled  InKUrulic  Uu  cJnvffOJij  were  the  essential  cause  of 
malignant  disease ;  that  they  were  constant  in  the  blood  of  animals  th 
died  from  anthrax,  and  that  such  blood  when  filtered  and  inoculated 
animals  had  no  elToct.      This  was  coulirmeil  by  li.  Koch  (23),  who  in  187 
worked  out  the  life-history  of  this  bacillus.     By  developing  the  meth 
of  cultivation  on  solid  media  outside  the  body,  he  succeeded  in  cultivat- 
ing the  tjAcillif  and  in  proving  the  formation  of  spores ;  he  also  demou- 
stnitud  that  Iwcilli  might  be  developed  from  spores.     Finally,  from  the 
organism   thus  cultiv;ited   he   produced   the  disease   by  inocidatian    in 
animals.     These  results   were  aflerwiirds  cotdirmed  by  Pasteur,  who,  in 
1877,  demonstrated  l>eyond  all  doubt  that  these  small  rod-like  bodi 
first  recorded  by  liayer  and  Davaine  in  1850,  were  the  sole  cause  of 
disease. 

1.  Phtfsu-at  Characters. — As  seen  unstained  in  the  l»lood  of  ani 
shortly  after  death  by  anthrax,  the  bacilli  are  pellucid,  round,  elonga 
rorl  like  cells,  45-10  fi  in  length,  but  commonly  about  the  length  of  th^ 
diameter   of   a   red   Wood -corpuscle,    and    from    10 -1*5   p.  in    breadth. 
In  fresh  material  the  bacilli  are  usually  isolated ;  sometimes  they  lie  l 
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|rijup«  of  vwo  or  tbree.  They  are  uiotioiiless,  an<l  conuin  a  homogenoous 
prritoplMmio  material  enclosed  in  a  fine  capsule  of  densur  and  more 
luiilil/  rrfrActivc  substance.  Spocitil  staining  shews  that  tlio  cylimlrical 
^aciiliis  enclosed  in  its  capsule  is  transversely  divided  into  two  or  three 
Ngnenl^  In  a  suitable  nutrient  medium,  at  a  lemperaltire  uf  about 
SI  C,  ihey  increase  in  length,  the  contonifi  become  sMghtly  opaque  and 
gnnulAT.  and  at  regular  intervals  slight  swellings  of  the  rods  are  noticed  ; 
ai  these  points  the  protoplasm  ap[>ears  U^  collect,  Ixjcomea  more  refractive, 
tw)  presents  a  well^iefined  outline  which  is  its  capsule  ;  the  rod  )»?tween 
th«c  bodies,  which  are  now  slit^hlly  ovate,  bright  and  highly  refractive, 
becomes  contracted  antJ  HOjKirates.  The  spores  thns  freed  elongate  at 
ocbem],  and  in  txvo  hours  giow  into  Iwcilli  which  pass  through  similar 
prottases  of  development  and  decay.  The  anthrax  liacilH  suiin  readily 
«ith  wat«ry  solutions  of  fuchsin,  methylene  blue,  anrl  gentian  violet,  and 
by  Gram's  method.  Several  methwls  are  describe*!  for  staining  the 
■pons.    Residts  are  most  likely  to  be  sncci'ssful  with  fresh  n^iterial. 

t  Grotcth  and  Drvthpfnrnt. — The  organisms  are  aerobic ;  they  cannot 
Ifve  m'thoiit  oxygen.     They  do  not  grow  l>elow  12^  C.  or  above  45^  C, 
l«i  tbey  multiply  most  rapidly  l>etween  30'  and  40^  C,  in  a  neutral   or 
(liglitly  alkaline  medium.     In  the  living  hlood  they  are  parasitic,  and  can 
iVmct  from  the  blood  sufficient  oxygen   to  maintain  their  propagation, 
boi  not  to  enable  them  tfi  grow  into  long  filaments  or  form  spopcH.     In 
tht  dead   Wly  ihey  grow  to  a  great  length  without   shewing  lines  of 
rersc  segmentation,  and  with  the  formation  of  a  few  spores  only. 
ttcide  the  body,  when  they  can  obtain  a  free  8Upi)ly  of  oxygen,  they 
pwe  ihrr>ugh  their  complete  cycle  of  life  and  form  spores,  thus  indicating 
iprophytic  origin.    In  unopened  putrefying  carca.'jcs  they  degenerate 
die  in  about  a  week ;    in   the   earth   they   retain   their   form,    Imt 
Ifrally  low,'  their  \-inUence  in  six  months. 

Luxnriant  growth  takes  place  not  only  on  the  usual  culture  media, 
Imt  on  numerous  fooils,  provided  they  are  neutral  or  slightly  alkaline. 
Koch  shewed  that  infusions  of  hay  or  of  seeds  rich  in  starch,  such  as 
sy,  wheat,  pulse,  and  grass,  when  neutralised  or  made  slightly  alkaline, 
j«d  suitcible  soils.  Culture  in  broth  for  twenty-f<)ur  houi-s  produces 
:tilent  aggregation  of  Iwicilli  at  the  bottom  of  the  glass,  and  micro- 
icaJly  the  bacilli  shew  long,  undtilating,  thread-like  formations.  Plate- 
on  gelatin  and  agar  at  IS'-SO"  C.  in  two  to  three  da_vfl  shew 
eba7nct«n8lic  colonies — a  tangled  mass  of  threads  with  yvHvy  processes 
ett«fiding  into  the  medium  from  the  central  mass.  The  gelatin  is 
j^mdnally  liqueHed,  and  the  colonics  sink  below  the  level  of  the  imliqucOed 
"^  iona.  In  stab  culttue  in  gelatin  or  agar  delicate  white  rays  grow 
rards  and  penetmte  the  medium  laterally,  looking  like  thistle-^liiwn, 
j^wth  being  most  luxuriant  in  the  upper  ixjrtionp,  while  in  tho  case  of 
geUtin  liquefaction  proceeds  slowly  from  above  downwards.  On  potato 
growtb  is  luxuriant  with  early  formation  of  spores.  On  sloping  blood- 
Mnim  aiuhrax  bacilli  develop  as  a  whitish-grey  scum  with  slow  lique- 
iaction  of  the  medium. 
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Aeporogenous  varieties  of  Qtiihrax  bacilli  can  be  developed  by  cultur 
\\\  the  prCBence  of  some  agent  (usually  cliemical)  inimical  to  normii 
groivth.  Virulence  may  not  be  apparently  aflectud,  but  even  poaugi 
through  animals  will  not  bring  back  the  power  of  spoiulHiion.  Tbi 
resistance  of  diH'erent  strains  of  l>ai:iUi  may  vary  greatly.  While  liacilli  ut 
killed  comparatively  easily,  the  Sfiores  arc  very  tenacious  of  life,  especially 
when  smTounded  by  grease,  dirt,  or  dried  blood  as  in  horse-hair.  As  i 
nilc,  the  bacilli  are  killwl  by  ex|)08nre  to  SS*^  C.  for  forty  minutes 
spores  by  steam  at  95"  C.  in  ten  minutes,  by  current  steam  at  100'  C  ii 
five  minutes,  and  by  hot  air  at  140'^  C.  after  three  hours.  Light 
especially  direct  aunlight,  aircctH  the  vitality  of  the  ItaciUi,  and  I'obs  th 
spores  of  their  power  of  development  into  bacilli  more  readily  than  i 
deprives  the  Itacilli  of  their  power  of  multiplication.  Corrosive  sublimate 
1  in  10,000,  [>revents  the  grovi-th  of  unthra.v  liacilli,  and  1  in  1000  kill 
spores  in  one  hour.  A  1  per  cent  solutiun  of  formalin  is  said  U: 
destroy  spores  in  two  hours,  a  2-5  per  cent  solution  in  one  hour,  ^\\i 
a  10-30  per  cent  solution  in  ten  minutes;  1  in  20.000  solution  iuhibiu 
the  gi'owth  of  bacilli. 

The  BaciUits  pyon/nneim  exercises  a  remarkable  retaiiling  intluence  or 
the  growth  of  anthrax  bacilli  when  the  two  are  grown  togetJier  il 
bouillon  or  on  agar.  From  this  bacillus  ii  substance,  pyocy&nase,  bos  l>ee( 
obtJiined  which  dissolves  anthrax  Iwcilli  in  ritrv,  and  shows  bactericida 
properties  in  the  animal  Ixxty.  It  has  been  used  with  success  in  the  caw 
of  rabbits  infected  with  anthrax. 

3.  AiknuatiotL — Toussaiut  6rflt  (1880)  successfully  produced  artifioi& 
immunity  in  sheep  against  anthrax  by  inoculation  (after  beating  at  i 
temjHM-ature  of  55"  C.  for  ten  minutes)  of  3  6  e.c.  of  the  blood  of  antmah 
which  had  died  of  anthrax.  Since  1881  Pasteur  and  ChamberUnd'i 
modification  of  this  m»?thod — inoculation  with  two  vaccins,  i.c,  culture* 
Htteuuateil  in  dilTeront  degrees,  at  an  interval  of  twelve  da^'s — has  beer 
carried  out  on  an  enoi-mous  scale  as  a  prophylactic  against  the  disoasa  ii 
sheep  and  cattle.  Tlie  attenuution  reached  by  keeping  cultures  at  42*  U 
43'  C.  is  such,  that  after  twenty-four  days  (the  first  vaccin)  mice  succumt: 
to  inoculation,  bat  guinea-pigs  as  a  rule  do  not,  whereas  after  only  twelvt 
days  (the  second  vaccin)  guinea-pigs  succumb,  while  rabbits  similarh 
inoculated  generally  surviso.  Sobcrnheim  (45)  gives  the  followiu}. 
figures  as  showing  the  extent  of  the  treatment  by  Pasteur's  method  : — Uf 
to  Jainiary  1,  1900,  the  numl>er  of  animals  that  had  been  inoculat«c 
excecfled  11  millions.  In  Franco  alone  250,000  to  350,000  ahooi 
and  30,000  to  50,000  cjittle  and  horses  are  thus  treated  yearly,  lii 
Hungar)*,  in  the  twelve  years  1889  to  1900,  718,26G  cattle  were  inocu 
latwl,  of  which  174  (OOli  per  cent)  died  between  the  two  inoculations 
and  other  144  within  a  year.  Among  1,247,231  sheep  the  dealbi 
between  the  inociUations  were  0*26  per  cent,  and  within  a  year  0*33  pel 
cent.  Reference  to  the  production  of  active  and  passive  immunity 
serotherapy  will  be  found  on  p.  252  under  the  heading  ''Treatment.' 


Anthrax  in  Animals 


Anthrax  is  the  moat  widely  spread  and  the  most  destructive  of  all 
OMta^^ifia  dianasee  which  affect  animals.  It  is  foi)n<l  in  all  countries,  but 
ii  much  more  ])rcva]cnt  and  pt^raii^tent  in  Home  than  in  others,  and  in  some 
dirtrictsof  these  countries  more  than  in  others.  It  is  extremely  prevalent 
in  [arts  cE  France,  Clennany^  Italy,  Turkey,  Kuseia,  throughout  Asia,  North 
Airieii,  md  South  America  ;  and  is  lojust  prevalent  in  Australasia,  South 
Africa,  and  North  America.  During  epizootics  it  may  bo  fatal  to  from 
50  10  70  per  cent  of  the  cattle,  hordes,  or  sheep  of  a  district,  besides 
«nawtimes  carrying  off  a  large  number  of  the  population. 

Tbe  following  official  figures  shew  the  reported  number  of  animals 

att«kc(l  in    1904  :— Great  Britnin   1553,  Germany  5959,    Italy    3946, 

^ropean  and  Asiatic  Russia  2ti,913.'     In  that  year  in  Germany  0:24 

per  1000  of  the  total  cattle  were  affected.     Anthrax  districts,  "champs 

nutidiia,*'  are  areas  in  a  country  where  the  di.iease  is  constantly  recunitig. 

Kiier  valleys,  oiling  to  liability  to    flooding,  soils  rich  in  organic  and 

mineral   matter,  such  as  prairies,  steppes,  moors,  and   marsh-land,  are 

oit«n  anthrax  districts.     Height  above  the  level  of    the  sea  has   little 

rnfiiienee,  but  a  definite  temperature  in  the  soil,  i.e.  between  18"  and  40"  C, 

mtut  lie  reached  before  sjiprophytic  growth  of  the  bucilhis  and  forma- 

Uon  of  ftpores  can   take  place.     Thus,  in   European  and  Asiatic  Hussiii, 

irhtre  the  figures  quoted  shew  there  is  great  mortality  among  animals 

from  anthrax,  the  number  of  animals  attacked   in   each  of   the  winter 

months  (November  to  March)  rarely  exceetis  1000,  but  with  the  summer 

ihi^  mounts  up  rapidly,  and   may  exceed    17,000  in  July  and  August. 

This  seasonal  curve  in  the  figures  of  incidence  of  anthrax  is  observed  in 

other  couTitnes,  such  as  Italy  and  Gennnny,  with  high  summer-tcmpem- 

tores,  but  is  absent  iu  the  returns  for  Great  Britain. 

All  clasees  of  vertebrate  animals  are  susceptible  to  anthrax.  The 
herbivorous  mamnmls,  such  tis  cattle,  horses,  camels,  alpacas,  sheep,  gonts, 
and  rodents,  reaclily  catch  the  disease.  Some  of  these  (as  cattle)  are  very 
SQftCoptiblu  to  intestinal  infection,  and  less  to  the  subcutaneous  inocula- 
tion ;  others  (as  guinea-pigs  and  white  mice)  are  rarely  infected  through 
the  alimentary  canal,  but  very  readily  by  experimental  inoculation.  Some 
iire«dti  of  aniutaU  (jis  Algerian  sheep)  are  but  little  susceptible,  and  do 
not  take  the  distj^ise  sprtnuuicously.  The  omnivorous  mammals — such  as 
pigs,  dogs,  cat^  and  rats — are  less  susceptible.  The  carnivorous  can 
only  bo  infect^l  in  favourable  circumstancea  as  rogai'ds  ago,  alimentation, 
and  tbe  Wrulencc  or  quantity  of  the  material  inoculated.  Birds,  reptiles, 
And  fishes  are  relativt-ly  immune :  l>ut  if  the  high  temperature  of  birds  be 
diminished  and  the  low  temperatiue  of  reptiles  and  fishes  raised  by 
UtiHcinl  means,  they  can  be  infected.  Anthrax  ordinarily  atuicks 
by  way  of  the    intestines.       1'he  pulmonary  form   in  them  is 

*  Tbe  flffttrvs  fnr  Itu^Hia  in  \\i04  mv  prvibaltljr  inacciinite  oq  account  of  tlie  RasM> 
WAf.     The  figiiret  in  l!)03  were  52,473.  milI  ia  1902,  51,426. 


acquired    only   by    experimental   inhnUtion    of    virulent   epores.      Sut 
I'TiUinemis    inoculation   of    anthrax  virus    prothices    locally  a    gcljilinoii* 
swelling   of  the  cellular  tissue,   but  never  anything  like  the  cutaueoua^ 
variety  in  man. 

The  disease  does  not  spread  by  coiitact  or  aaBOciation  ;  it  can  only 
aoqmrod  in  ordinary  ci reams tiinces  by  the  introtluction  of  the  infectin( 
organiama  into  the  circiibvting  blood,  either  through  an  abrasion  or  deft 
of  the  nmcons  menibrann,  or  by  the  spores  otherwise  finding  their 
through  the  epithelium  of  the  alimenuiry  caiml,  atid  so  causing  a  general 
infection.  Although  "splenic  ajHiplexy  "  hiis  been  known  in  this  country 
from  a  remote  period  as  the  cause  of  a  targe  mortality  among  cattle,  it  ia 
only  since  the  year  1850  that  it  h;is  been  recognised  as  anthrax.  Sinc^H 
1886  the  disease  h:is  been  included  in  the  list  of  maladies  which  coni^H 
under  the  provisions  of  the  Contagious  Jiiseases  (Animals)  ActA.  These 
are  adiuiuisteR'd  by  the  Ifeard  of  Agriculture,  which  prohibits  the 
imjKirtution  of  live  .miniak  from  infected  foreign  countries. 

In  the  ten  years  1895-1 904  the  numVjer  of  reported  outbreaks  in  Great 
Britain  was  6101,  and  of  animals  attacked  8252  (cattle  7071,  sheep  598, 
swine  185,  horses  398).  During  this  period  there  has  been  an  apjtarent 
marked  increase  in  the  disease  from  134  outbrctiks  in  1895  to  1049  in 
1904.  Prof.  Dflepine  ha8  8he«^l  from  figures  for  the  years  1897-1902  that 
the  distribution  of  anthrax  in  the  various  itgii cultural  divisions  is  nut 
essentially  determined  by  geographical  situation,  climate,  density  of  cattle 
population,  or  extent  of  manured  land.  He  and  others  also  have  studied 
the  important  point  as  to  how  far  the  extensixe  industries  in  this  country, 
involving  manipulation  of  raw  wool,  horse-hair,  hides,  and  sldns,  tkffect, 
the  incidence  in  aittle  fixim  access  of  spores  in  waste-water  to  streams^ 
or  from  the  use  as  maiiuiu  of  the  refuse  dust  from  tliose  factories.  The 
high  number  of  outbreaks  in  the  West  Kiding  of  Yorkshire,  the  centre  of 
the  woollen  industry,  and  in  Northamptonshire,  the  centre  of  the  leather 
industry,  suggests  a  causal  connexion,  but  re<luction  of  the  number  of 
outbreaks,  or  of  animals  attacked,  to  a  rate  on  the  number  of  animals  in 
the  several  counties,  negatives  any  sweeping  conclusion  that  incidence  in 
animals  corrcsi>onds  at  all  closely  with  the  distribution  of  factories 
manipulating  raw  animal  pro4lucm. 

Anthrax,  in  proportion  to  the  number  of  cattle  in  Scotland  in 
1904,  was  three  times  as  rife  as  in  England,  although  cases  of  human 
authrax  of  industrial  origin  in  the  seven  years  1899  1 90S  numbered  304 
in  England  and  only  14  in  Scotlmd.  The  countit;s  with  the  highest 
incidence  of  anthnix  in  proportion  to  the  number  of  cattle  (1899-1903 
figures)  are  Haddington,  Elgin,  Aberdeen,  Forfar,  Banff.  Perth.  Westmor- 
land, Xorthimi  be  riant  1,  and  Hertford,  and  in  them,  prolkably,  infected 
areas  have  been  created  from  inadequate  disposal  of  the  carcases  of 
animals  that  have  died  of  the  disease.  Kecently  Sir  J.  M'Fadyean  bos 
brought  artificial  feeiling  siutTs,  the  mw  materia!  of  which  is  derived  from 
foreign  countries,  under  suspicion,  and  in  one  outbreak  he  isolated  the 
bacillus  from  the  liuseed-cake  used.     Ca&es  of  anthrax  in  man  at  ports 
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both  in  this  countTy  and  in  Hamburg  from  the  unloading  of  grain 
baTe  boen  sufficiently  numeroiis  to  direct  utteniion  to  ibu  possibility 
of  the  introduction  of  iho  Bpoi'es  in  the  particles  of  soil  adhoring  to  the 

I^cspite  what  has  been  said,  siM'ioiia  outbreaks  among  cattle  have  in 
Kvorol  instance*  been  traced  directly  to  infection  of  meadows  eitlier  from 
riood-irattfr  disjKrsing  anthrux  spores  originally  contained  in  raw 
Disterisb  dealt  with  in  factories,  or  from  refuse  fruni  them  used  as 
mntM  Ab  shewing  the  resistance  of  anthrax  spores  to  the  intiuonce  of 
uaiinjj,  liuiinjj,  arsenicatiny,  and  other  proceasert,  Dr.  C.  A.  Houston  has 
da&onstrated  the  presence  of  anthrax  in  (1)  the  effluent  from  the  Hnal 
catfhpit  in  a  skin  factory  at  Yeovil,  (2)  in  the  septic  tank  liquor, 
thcdludge,  and  the  waahinga  of  eoko  from  primary  and  secondary  coke- 
IwK  and  (3)  in  the  mud  from  the  banks  of  the  River  Yeo  and  the  Yeo 
brook. 

The  Governnieutfl  of  Europe  and  of  many  other  countries  enforce 

Diainirrfi  to  control  the  spread  of   this  disease.      The   most   important 

tif  these  in  Great  Britain  are — (1)   Notification  of  the  outbreak  to  the 

Local  Authority,  (2)  Isolation  of  animals  that  have  l>een  in  association 

m'th  the  dead  animal,  and  prohibition  of  the  movement  of  animals  from 

locaHtios  in  which  anthrax  has  broken  out  to  other  districts,  (3)  Disposal 

ftf  the  carcase  unojwned,  (4)  Disinfection  of  infected  premises.     To  carry 

oat  (3)  the  Board  of  Agriculture  recommends  cremation,  or,  when  this  is 

Dot  pottible,  burial  deep  in  the  ground  with  the  adtiition  of  lime.     Since 

the  chief  cause  of  the  spread  of  infection  is  the  concealment  or  overlooking 

of  cues,  Professor  Dek'pinc  suggests  that  all  cases  of  deiah  from  acute 

ilhteit  or  caaes  of   illness  rendering  slaughter  at   the   farm   necessary 

ibould  lie  notified.     The  prophylactic  use  uf  Pasteur's  vaccins  is  referred 

to  on  p.  254. 

Anthrax  in  Man 

JfotMMhiurr. — Deaths  from  anthrax  were  fii-st  separately  recorded  in 
Ufte  Annual  Keports  of  the  Be^strar-General  in  1863,  under  the  heading 
^^■dignant  Pustule  ;  since  then,  also  as  Charbon,  Wool-sorters'  I)isease, 
^«id  Splenic  Fever.  Now  (1906)  they  api>ear  as  anthmx  {splenic  fever). 
I  The  word  pustule  is  at  the  present  time  restricted  to  those  elevations  of 
'  the  tissues  which  contain  pus.  The  name  "malignant  pustule"  in  this 
counexion  is  inappropriate  and  misleading,  because  the  disease  is  often 
not  malignant^  and  its  "pustule"  never  contains  pus.  The  disease  in  all 
its  aspects  is  most  widely  known  as  "  Anthrax,"  and  the  general  infection 
as  "  Anthraciemia."  It  is  desirable  that  the  names  "malignant  pustule," 
" wooI-sort«rs'  disease,*'  "mycosis  intestinalis,"  and  others  (appropriate 
enough  when  the  nature  of  the  disejise  was  unknown)  should  be 
disoontuiued.  and  that  the  term  '^anthmx  "  1>e  substituted.  Tiio  ditrei*cnt 
forma  assumed  by  it  would  then  suitably  ho  described  according  to  the 
part  of  the  >K>dy  through  which  the  virus  gains  acceas  to  the  blood,  as : — 
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(I)  Cutanaoiis  Anihra^r. — This  is  the   most  widely  prevalent  form,  an(^ 
presents  two  varieties:    (a)  Xecrotic  anthrax — "nmlignani  pufltule'  of^l 
vesicle.     This  results  when  the  bacilli  or  spores  have  been  introiiucedSl 
through  an  artificial  ojicning,  the  local  lesion   thus  produced  having  a 
necrotic   centre  with   surrounding  vesicles   and   inflammatory  swelling. 
(6)  Krysipelatous  anthrax,  of  which  (edematous  anthrax — fcdhw  vuilm 
Bourgeois — is  a  milder  representation.     This  results  when  the  virus  fai 
passed  through  imi>erceptil)le  or  possibly  natural  openings.     (2)  /-Wi 
Anthra;r. — "  Wool-sorters'  disoasa"    In  this  form  and  in  (3)  Gtisfrn-inUgtinai 
Antkriur.  there  is  no  external  lesion.      The  first  is  often  spoken   of  u 
external,  and  (2)  and  (3)  as  internal  anthrax.  H 

Etiology. — The  imniwh'ate  cause  of  all  forms  of  anthrax  is  the  intro^ 
ductinn  of  the  Jittriihia  anOiroiia  or  it-s  spores  into  the  living  tissues  and 
blood  current.     The  disease  occurs — 1.   In  those  who  come  into  con 
with  living  animals  aufferiug  fi-om  anthrax,  as  drovers,  shephenls,  farmery 
farriers,  and  veterinary  surgeons.      2.   In  those  who  touch  the  carcases 
animals  that  have  died  from  anthrax,  as  knackers,  slaughterers,  butche 
and  inspector  of  meiit.     3.  In  those  who  handle  ott'al,  skins,  hoofs,  bo 
biirs,  wools,  or  other  rlerivativcs  from  diseased  animals,  such  as  Unners, 
fell  -  mongers,   wool  -  workers,   hair-workers,    horn-workers,   rag-sorters, 
plasterers,   furriers,   felt-raakers,  1 1  rush -makers,   matti'ess-makers,   ami 
forth.     4.   In  those  who  have  no  direct  connexion  with  infective  materia! 
— who  live,  for  instance,  in  the  neighbourhootl  of  such  manufactories.     In' 
countries  where   the  diseasu   is    comnioti    among   unimala,   women    an 
children   are   not  infrequently  attacked   with   the  disease   through 
medium  of  [>en»ons,  animals,  or  insects.     5.  It  lias  several   times 
tmnsmitted  from  one  person  to  another  with  fatal  restUts — as  at  a  po«i 
mortem    examination.      A    %vife   is  also   reported   to   have   taken   it   by 
touching    her   cheek   with   her   hands   when    dressing   the   sore   of    her 
husband.     In  some  undoubted  cases  the  source  of  the  infection  cannot 
traced- 

Among  all  countries  of  the  world  Great  Britain  is  exceptional  in  th 
anthnix  in  man  is  mainly  of  industrial  origin,  i.t.  arises  much  more  from 
spores  contained  in  material  imported  from  distant  countries  than  from 
cfmtact  with  the  aircase  of  an  animal  that  has  di(Mi  of  the  disease.     No 
oflicial  tigures  are  published  of  the  nunilwr  of  farm  tal)onrer5  or  slaughter- 
men attjicked.  but  it   is  stated    that  in   connexion  with   7  out  of  4 
outbrcnks  of  cattle  anthrax   into   which   the  veterinary  officers  of 
Boarrl  of  Agriculture  inquired  between  the  months  of  July  and  Decura 
inOi,  twelve  persons  contracted    the  diaejise,  of  whom  six  died.     The 
immber  of  cases  of  anthrax  contracted  in  a  factory  or  workshop  6iotified 
to   the  Chief  Inspector  of  Factories  in  pursuance  of  section  73  of  the 
Facu>ry  and  Workshop  Act^  I90I),  during  the  years  1899-1905, 
follows ; — 
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Indoitry. 

MalM. 

Fomales. 

Total. 

Paul. 

j 
Per  cent. 

Wonted  and  wool . 
Horae-hur  and  bristles  . 
Hides  and  skins     . 
Other  iadiistries    . 

1 

96 

56 

103 

16 

27 

21 

"2 

122 

77 

103 

18 

35 
18 
25 

,         7 

28-7 
23-4 
21-3 

38-9 

270 

50 

320 

1       85 

26-6 

The  varied  nature  of  the  occupation  of  the  persons  thus  reported  is 
shewn  in  the  following  table,  which  is  arranged,  as  far  as  possible,  in  the 
order  of  the  processes  of  manufacture  from  the  time  the  material  is 
received  in  the  bale  to  that  when  it  leaves  in  the  finished  condition : — 


Wool 


Wharfinger 

1 

Carder  and  comber 

29 

Vanman    . 

1 

Finisher  and  preparer 

7 

Warehouseman 

4 

Packer       .... 

3 

Orwlooker 

1 

Spinner  and  weaver  . 

1 

Occupier  . 

1 

Waate-puller 

Wool-eteeper 

1 

Sweeper  of  floors 

Balfrflpener 

7 

Dyer         .... 

Sorter      . 

20 

Engineer  .... 

ffiUower  . 

15 

Mechanic  .... 

Blender    . 

4 

Infected  outside  factory 

H'ool-waaher  and  wool-runner 

11 

Direr       .... 

1 

Total 

122 

House-Hair 

Vanman    .... 

1 

Brufh  maker 

16 

Clerk  in  office    . 

1 

Yarn-winder 

Warehouseman  . 

4 

Staffer  of  Isoxing-gloves 

Opener,  weigher,  and  carrier 

10 

Stuffer  of  mattresses  . 

Washer     .... 

I 

WetheckliT 

Sorter  and  mixer 

4 

General  work 

Willower  .... 

8 

Infected  outside  factory 

Drawer  and  dresser    . 

12 

— 

Curler  and  card 

er 

U 

Total 

1  t 

Hides  and  Skixs 


Dock  labourer    . 

.     21 

Portinnnteau-maker    . 

Wharfinger 

.      44 

Leather-seller     . 

Fellraonger 

1 

Maker  of  picker-atraps 

Tanner     . 

.     29 

Bootmaker 

4 

Total 

1 
1 

2 
103 
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Other  Ikdustries 

Dock  labourer    . 

2 

Vanman 

1 

Fruit  and  vegetable  warehouseman      2 

Worker  in  mother  of 

pearl 

1 

Horn-worker 

2 

Knife-hafter 

1 

Bag-Borter 

Unloader  of  grain 

, 

1 

Linen-weaver    . 

Qrain  dealer 

I 

Chemical  manure-maker 

White-lead  worker 

1 

Saddler     .... 

Railway  porter  . 

— 

Worker  in  harness  furniture 

Total 

18 

So  far  as  could  be  ascertained,  the  country  whence  the  wool,  horse 
liair,  and  hides  and  skins  originated  was  as  follows :— 


Wool. 

Hone^hair. 

Hides  and  Skiiu. 

Persian  (Bagdad)       .  38 

China 

25 

China                          .19 

Persian  or  camel  hair    7 

Russia,     Siberia,     or 

China  or  East  Indian      5 

Persian  or  alpaca              1 

China     . 

13 

Madagascar,    East 

Mohair,  camel  hair,  or 

Siberia  or  Russia 

5 

India,  or  China            1 

Persian  .                 .3 

South     America,     or 

Bombay,  East  Indian  21 

Mohair       .                   .15 

Siberia,  or  Russia  . 

13 

East  Indian  or  Russian     1 

Van  mohair                     8 

All      kinds      except 

Cape  or  Straits  Settle- 

Van  mohair,   alpaca, 

Chinese  mane  hair . 

6 

ments     .        .         .1 

or  Capo  mohair            2 
Van  mohair  or  Persian    3 

Indefinite  . 

15 

Cai>e.         ...     3 

— 

Cape  or  Australian    .     1 

Mohair   or    Cashmere 

Total    . 

77 

South  American               1 

or  camel  hair .             2 

Australian          .              1 

Cape  mohairor  Turkey 

South     American    or 

mohair  .         .        .     5 

New  Zealand  .         .     1 

Mohair,  camel  hair,  or 

Arabian              .         .     1 

alpaca  .          .         .     3 

Morocco     .                 .2 

East  Indian        .         .  13 

Morocco       or       East 

Native,    Colonial,   or 

Indian    .                 .1 

Bast  Indian    .        .     3 

West  African                .     3 

Camel  hair          .         .6 

Straits  Settlements     .     5 

Camel      hair,      East 

Madras  and   Bombay 

Indian  or  alpaca    .     2 

tanned  hides  .              1 

Alpaca        .         .         .1 

Tanned  sheepskins          2 

Probably    Persian    or 

Tanned  boot-leather  .     4 

East  Indian   .         .     2 

Native        ...      1 

Indefinite  ...     8 

Colombia   ...     1 

— 

Persian,    China,    and 

Total     .                    122 

Cape  goatdkins            4 
Indefinite  .         .         .23 

Total     .         .           103 

Although  the  amount  of  wool  imported  from  Australasia  is  about 
double  that  from  the  rest  of  the  world,  no  case  of  anthrax  has  with 
certainty  been  proved  to  have  arisen  from  its  manipulation.  This  has 
been  attributed  to  the  amount  of  "  yolk "  or  natural  potash  soap  con- 
tained  in   Australian  wool,   the   presence    of   which    would    lessen    the 


ipf  duBt.  Asiatic,  Egj-ptian,  ami  other  low  claw  wools  from 
Aes  are  dry  and  diisty,  because  of  the  relatively  small  amount 
flfyolfc^in  them.  Probahly  far  more  important  factors  than  this  arc 
Um  acknowledged  sm.*!!  incidence  of  the  disease  in  Austmlia  and  New 
Zokland.  the  precautions  there  taken  to  prevent  the  spread  of  the  diaisasei 
ud  tiie  {iToper  di8[>o5al  of  carcases  of  iuiimals  that  may  have  died.  In 
Aai  Minor  and  Persia  no  precautions  of  this  kind  are  taken,  and  manu- 
fwlurers  in  this  country  I'eport  of  Persian  wool  that  ncai'ly  every  l)alo  ia 
faisily  packed,  that  is,  the  fleeces  contain  locks  (inferior  wool),  skin, 
wool  ol  animals  that  faavo  died  of  disease,  cotton  rags,  besides  soil,  sand, 
din,  and  dust^ 

The  cutaneous  type  of  the  disease  was  known  to  Ambian,  Egyptian, 
Unek.  and  Knman  medical  writers,  some  of  whom  describe  the  various 
stagu  of  the  disease  ^vith  great  accuracy.     Its  frequent  transmission  to 
QUO  from  the  handling  of  hairs  and  wools  was  first  [xiiuted  nut  in  1769 
l^  Fooraicr.     Moutfils  in  177G  recorded  similar  cases,     Kayor  in   I83r) 
published  three  cases,  one  in  a  person  wlio  was  attacked  after  uleaning 
Husaiin  horse-hair  which  for  many  yeiirs  had  served  as  stuflliig  for  an 
owy-chair.     Trousseau  in  1847  described  coses  oeciuring  among  workers 
yf  horeehair  imported  from  Buenos  Ayres,     It  does  not  appear  to  have 
heeo  known  as  anthrax  in  England  before  Budd's  accui:iite  description  of 
Bblignant  pustule  (anthrax)  in   1862.      Among  workers  in   hides  and 
rfang  the  pulmonary  form   has  occurred  so  rarely  that  only  two  oases 
«re  recorded.     Among  horse-hair  workers  the  cutaneous  form  hjis  been 
vkI  is  fltill   predominant.      Cases  of   the   pulmonary  or  internal   form 
ftvta  manipidation  of  horse-hair  have  been  recorded  in  the  past,  notably 
h  Dr.  J,   R  Kussell   in  an  epidemic  in   Glasgow  in    1878,  when   nine 
persons  were  attacked,  of  whom  seven  (three  fatal)  were  believed  to  have 
cootra^rted  the   disease  in   tlie   intfrnal   furni  ;   and   later   in    1893    by 
Cittuveau.      None  of  the  cases  rejxnted  to  the  Chief  Inspector  of  Factories 
IK  having  been  contracted  in  horse-hair  factories  since  1899  have  assumed 
the  internal  form.     In  the  worsted  and  woollen  industry  the  prevailing 
form  at  the  present  time  is  cutaneous,  but  fonnerly  it  was  pulmonary. 
Of  this  there  can  be  no  doubt,  and  it  is  important  to  find  an  explanation 
of  this  alteration  in  type.     The  dise.tsB  was  first  note<l  in  the  Bradford 
diilrict  after  the  introduction  nf  alivica  and  mohair  as  textile  nuUeriais  in 
1837.     Occasional  uniLsu.al  illnesses  and  .sudden  deaths  occurre<I  among 
fcba  sorters  of  these  wools.      At   Queensbury   in    1846   several   deaths 
occurred   within  a  short  time.     Again  in   1853-1854  there  was  an  out- 
break which  caused  considerable  alarm.     In    I867-I8C8,  and  again  in 
1874,  many  deaths  of  wool-sorters  occurred  at  SalUiire,  where  alpaca  ami 
mohair  were  largely  used.     In  November   1S79,  when  attending  .i  wix^l- 
corter — who  dieil  twelve  hours  afterwarrls — one  of  us  (J.  H.  B.)  with 
drew  some  blood  from   the  arm,   and   within   a   few   minutes   injected 
two  or  three  drops  of  it  under  the  skin  of  a  rabbit,  a  guinea-pig,  and  a 
whiKJ  mouse  rcs|M;ctivcly.     The  animals  all  died  within  sixty  hours,  and 
the  blood  of  each  shewed  the  presence  of  bacilli.     Another  animal  was 
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inoculated  with  blood  from  one  of  these,  and  it  died  in  a  shorter  time^ 
The  fluids  from  this  animnl  were  found  to  be  crowded  with  Btidlivi 
anOtrads,  and  the  disease  was  recognised  as  anthrax.  During  the  year 
1880  Mr.  J.  Spear,  with  whom  was  associated  Professor  Greenfield, 
investigated  the  mibjecl  of  wool- sorters' disease  on  behalf  of  the  Local 
Government  Board.  He  dealt  in  his  report  with  32  cases,  of  which 
23  (19  fatal)  were  uf  the  internal,  and  9  (2  fatal)  of  the  cutaiioous 
type.  Internal  anthnix  wa«,  he  wrote  at  that  time,  "  the  form  of  the 
disease  which  is  the  much  more  common  one,  at  all  events  the  more 
commonly  recorded  one  amongst  wool-sorters, "  In  the  former  edition  of 
this  article  (1896)  the  pulmonary  form  was  still  considered  the  commoner,  V 
and  it  was  stated  that  *' in  the  Bradford  worsted  district  30  cases  of" 
external  and  57  cases  of  internal  anthrax  have  been  recorded."  During 
the  seven  years  1 899-1 905,  however,  only  I  .'i  cases  (all  fatal )  of  the  intornal 
form  have  been  re{)orted,  as  compared  with  00  of  the  cutaneous.  Some 
explanation  of  the  change  may  be  found  in  the  more  frequent  diagnosis 
now  of  the  external  form,  and  inclusion  under  this  head  of  the  erysipelat- 
ous form ;  but  this  is  insufficient  to  explain  the  very  great  reduction  in' 
cases  of  true  wool-sorters'  disease.  One  circumstance,  however,  has  been 
materially  nnxlifiwl  within  the  last  twelve  years,  namely,  the  manipiU&- 
tion  of  the  wool  by  localised  exhaust  ventilation  referred  to  on  p.  255, 
this  we  regard  as  the  main  cjiuse  of  the  alteration  in  ty\ye. 

\N"oikers  in  the  woollen  and  worsted  industry  in  Germany  and  Franctt 
apparently  escape  anthrax  in  any  form.     Danger  from  anthrax  of  the 
cuUineous  type,  but  never  of  the  internal,  ia  well  recognised,  and  many 
outbreaks  have  been  rocorde^l  in  the  manipulation  of  hides  and  skins  and^ 
horse-hair.      In    flower  Austria,  however,   Eppingcr'   has   descril>ed   88^ 
cases   (78  fatal)  of  anthrax  among  rag-sorters  in  certain  iKHwr  factories 
between  1870  and  1886  as  having  been  all  of  the  pulmonary  or  internal 
type.     Very  rarely  a  sporadic  case  of  anthrax  occurs  among  rag-sor 
in  tlie  West  Riding. 

The  intestinal  form  of  anthrax  in  man  is  extremely  rare;  only  two 
cases  have  been  recorflcd  in  this  country.  Wnhl  described  the  first  castt 
in  1861,  a  second  was  reported  by  von  Kecklinghauscri  in  1864.  Buhl 
in  1868  riescrilted  cases  with  heemorrhagie  infui-cts  in  the  stoouu'h  and 
intestines,  very  like  the  lesions  seen  in  the  bowels  of  horses  dead  from 
splenic  fever.  In  1871  WaUleyer  met  with  such  cases.  Munch  of 
Moscow,  in  1871,  first  dctermitMTd  the  anthrax  nature  of  this  diseaaft 
which  he  had  fouml  iti  hair-workers  with  internal  lesions  similar  to  thoAft 
nolice<l  by  Wahl  and  Buhl.  Since  thm  other  cases  have  been  recorde<l  ; 
but  no  doubt  many  have  been  cases  of  pulmonary  anthrax  with  secondary 
intestinal  infection.  This  form  is  to  l>e  anticipated  from  the  consumption 
of  bacilli  in  infected  meat,  and  such  food  must  necessarily  be  regai-tled  aa 
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du^vroiu,  although  from  the  numerous  instances  that  are  known  irhere 
nch  food  has  been  eateu  without  injurious  eilecte  the  great  mHJoritv  of 
tfao  Urilli  must  be  destroyed  by  cooking. 

Tht>  cutaneous  form  may  develop  at  any  point  on  the  skin,  although 
it  H  very  rare  on  the  fingers  or  thumh  in  this  country.  The  situation 
in  299  of  the  reported  cases  (1899- 1 905)  was  as  follows  : — 


Situjitiou. 

Hnmber. 

Per  cciiL 

Head  and  fece        .         .         . 

Keek 

Upper  extremitT    . 
Lower  extremity    . 
Trunk  

129 
1S3 

40 
3 

4 

431 
411 
134 

1-0 
1-3 

This  list  refers  to  cases  in  which  infection  is  mainly  due  to  dust.  If 
Mtttrtctod  by  persons  from  contact  with  the  aircase  of  an  animal  that 
buitied  from  anthrax  the  lesion  will  be  found  much  more  fre<{Uently  on 
ibe  forearm  or  band.  There  is  usually  only  one  point  of  inocidation  ; 
Mciiionally  two  or  more  are  seen ;  the  lesions  progress  simulUinDously. 

It  is  doubtful  whether  one  attack  confers  any  protection  against  a 
future  attack  ;  second  attacks  are  recorded. 

pATHouxacAL  AXATOMV.— Cutaneous  Anthrax. — Lotai, — During  the 
^rsc  few  days  the  changes  in  the  skin  at  the  (>oint  of  inoculation  are 
liaise  of  acute  inflammation,  followetl  by  fibrino-scrous  exuilatioti  and 
watral  necrosis.  The  black  eschar,  consisting  of  epitlennis  including  the 
Ipit'hian  layer,  is  depressed,  and  does  not  oxt^md  deujwr  than  the  skin. 
t  epidermiit  around  may  be  detached,  and  the  dermis  appear  of  a  ilirty 
yeHoir-grey  or  a  reddish  puiijle  colour.  The  e.xudjitt'  contains  refl  blood- 
adki  a  few  leucocytes,  the  HuclUi  ttnthracM  ami  often  other  organisms. 
Thft  {lapillae  are  swollen,  and  the  interspaces  filled  with  leucocytes  and 
BgciUi  anihracis.  The  bacilli  are  irregularly  distributed,  but  are  most 
mBBflroas  near  the  eschar,  1>eneath  the  adherent  epithelium  in  the 
Malpi^imi  layer.  In  the  su(»erficial  layei-s  of  the  skin,  after  a  few  tlays, 
Mher  l)ftcteria  are  found.  In  the  deeper  layers  there  are  very  few  bacilli ; 
tbey  do  not  extend  in  great  numbers  mora  than  two  inches  beyond  the 
cachor.  They  are  not  foiuid  in  the  adipose  tissue  beneath.  The  bi-awny 
fwelling  when  cut  may  be  crowded  with  punctifonn  haemorrhages. 

Gtnrral. — The  states  of  the  various  organs  are  in  great  measure  similar 
to  th'k^e  found  after  death  from  all  forms  of  anthrax,  the  local  let^ions 
prrrdninin;iting  actonliii;^  to  the  [Kirt  itiueiilated. 

Pulmonary  and  Gastrointestinal  Anthrax. — External  Changes, — The 
dHColomtion  of  decomposition  appears  very  soon  ;  it  is  of  more  than  the 
usual  Uvidity,  and  is  not  confined  to  the  posterior  part  of  the  body. 
Within  two  to  four  hours  the  li|>s,  ears,  neck,  upper  part  of  the  chest, 


i 


240 


SYSTEM  OF  MEDICINE 


and  shoulders  are  of  a  dark-purplo  colour,  ibe   naiU  of   a   black-bltii 

colour,  and  the  exposed  ekiu  of  tho  penis  nnd  scrotum  claret-coloured 
Occiisionally  tliere  is  no  unusual  discoloration  of  the  skin.  There  maj 
al«o  be  minute  purple  spots  on  various  i^art**,  more  frequently  on  thi 
chest  and  alxlomcn.  Dark  chocoLate-colourcd  fluids  issue  from  the  moutl 
and  nose.  The  cellular  tissue  in  front  of  the  neck  and  upper  part  of  th' 
chest  \&  soineLimes  svr'oUen  and  emphysematous. 

InUnuil  Changes, — The  external  muscles  of  the  cheat  on  section  ar 
often  dark  in  colour,  except  whore  there  is  much  (edema.  On  removiuj 
the  sternum  the  cellubir  lii^sue  1>eneath  is  sometimes  emphysematous,  ani 
bubbles  of  gas  escape  ;  at  other  times  there  is  considerable  gelatinou 
oedema  of  the  cellular  tissue ;  oco:isionally  it  has  been  seen  to  be  exten 
sively  infiltrated  with  blood.  Tho  pleural  cavities  almost  invariablj 
contain  a  largo  quantity  of  clear,  straw- coloured  scrum  ;  often  two  to  fou 
pints  in  each  side — ^goneiiilly  most  in  thy  right  side.  Any  inflammaton 
lesions  of  the  pleura*  ai'o  due  to  accidental  causes.  The  anterior  surfao 
of  the  lungs  may  appear  normal ;  or  tho  gelatinous  cedema  under  tK 
serous  covering  may  be  us  much  as  one  inch  in  thickness  at  the  moe 
dependent  parts,  and  may  extend  between  the  lol)es  without  any  plasti 
infianmiatory  exxidation.  Under  the  serous  coat  aro  often  numcrou 
small  patches  of  eochyniosos.  On  section  tbe  lung^  are  engorged  witl 
dark-cnluurcd  bloody  the  right  more  so  than  the  left;  the  po£terior  am 
lower  parts  aro  more  congested  and  a;dcmatous ;  some  portions  are  mon 
solid  tbau  others,  and  of  a  blat-kf  r  p,'d  colour.  It  is  not  luicommon  U 
find  extravasations  of  blood — of  any  size  up  to  that  of  a  walnut — in  thi 
luiiga  ;  and  in  prolonged  cases  the  larger  of  those  appear  to  bccomi 
purulent. 

The  bronchial  glands  are  generally,  not  invariably,  enlargeti ;  thej 
are  usually  larger  on  the  right  side,  and  may  be  the  size  of  a  hen's  egg 
They  are  hard,  easily  broken  down  by  the  thumb,  and  filled  witl 
dark-coloured  blood.  The  trachcji  and  bronchial  tubes  contain  frothy 
blood-stained  mucus  ;  the  mucous  membrane  of  the  trachea  and  of  tbi 
larger  bronchi  is  stained  a  claret  colour  and  is  swollen  ;  beneath  it  patchei 
of  extmviisated  blooil  are  frequently  seen.  On  a  transverse  section  thi 
lumen  is  seen  to  bo  nanx)wed  by  jellylike,  sero-sanguinolent,  and  baamor 
rbagic  infiltration.  The  pharyngeal  connective-tissue  may  be  cedematoa- 
and  infiltrated  with  blood. 

Tbe  pericardiiun  at  its  base  may  be  surrounded  by  blood  ditlused  ii 
the  cclhdar  tissue.  It  may  shew  petechial  spots  or  considerable  intiltra 
tion  witii  gelatinous  serum.  The  pericardial  fluid  is  frequently  increaset 
ill  qiuintity  up  to  Hvc  or  sLv  otinces.  Tho  opicurdium  and  endocardiun 
show  subserous  pulechial  patches,  those  within  the  heart  at  the  attach 
meut  of  the  valves  being  the  largest. 

The  blood  is  nearly  always  tluid  and  of  a  dark  colour,  almost  black 
In  a  few  jirolonged  ctwes  soft  clots  are  found  in  both  ventricles.  Tht 
fluid  blood  produces  swelling  and  engorgement  of  the  internal  organa. 

The  heart  is  dark-coloured,  soft,  and  flabby  ;  it  may  be  empt3%  oi 
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mntain  dark,  semifluid  blood  in  all  ita  cavities.  The  aiiricuUr  and 
ventricul/tr  Bcpto,  and  parte  of  the  muacular  snbatance,  may  even  bo  of 
a  til»ckrcfj  coldiir  from  oxtravaajilioiis  or  sttiiiiing  of  bloud.  The  altncli 
iMDUof  ihe  coifU  to  tho  mimou1;tr  colimnis  of  the  triciLsiml  and  niitral 
TtlvM  mttv  Ijc  similarly  disooloured.  A  diirk-re<l  oven  layer  of  lilood 
nuT  wpamte  the  serous  layers  of  some  of  the  cusps  of  the  pulmonary  or 
Mitjc  valvoe.  Tho  uorjMini  Aniutii  may  lie  black  from  ecchymoHUH.  The 
biiii^  mi3mbrnji£>  of  the  heart  and  larger  vessels  is  stained  a  hue  vaiyiiig 
frnm  s  pole  cbeixy-red  to  a  dark  chocolate,  according  to  the  length  of 
thm?  which  may  have  elapsed  since  death.  Very  rarely  it  is  not  stuincd. 
The  alidomen  in  pulmonary  anthrax  does  not  often  contain  much 
fluid:  Imt  in  the  intestinal  form  a  considerable  quantity  may  be  present. 
In  uue  cuse  of  cutineons  anthrax  on  the  check,  serum  from  which  hud 
puwl  into  the  mouth,  the  intestines  were  extensively  involved,  and  four 
pinti  of  blood-stained  serum  were  found  in  the  abdomen. 

The  gelatinous  n?dema  noticed  in  the  chest  is  often  found    in   the 

itbdonii'n  :  it  may  be  very  considerable  in  the  mesentery,  or  in  the  cellular 

tans  sarrounding  tho  kidneys.      Extmviiaiited  blood  in  small  or  large 

pMches  may  l>e  found  unrler  the  serous  covering  of  the  various  organs. 

Between  the  layers  of  the  mesentery  patches  as  large  as  the  outspread  hand 

lave  been  seen.     There  may  be  much  blood  also  in  the  cellular  tissue 

iwimd  the  kidney.      When  the  intestines  arc  affected    the  mesenteric 

sUwk  muy  be  much  enlarged  ;  in  other  cases  they  nu*y  be  normal.      In 

tieitomach  and  intostinea  patches  of  extra vosatod  blood  aie  found  under 

lif  miicouf^  mcmbraiKs  and  also  numerous  large  cniige,sLe<l  patches  of  a 

ntulherry  hue  several  inches  long,  and  often  involving  the  greater  part  of 

ti* circumference  of  the  bowels;    or  the  ecchymoses  may  be  very  uume- 

fiMu,  «mall,  each  with  a  black  cetitrt;,  and  varying  in  size  from  the  head 

<i^  1  pin   lo  a  luntiL     The  mucous  membrane   overlying   this   may  be 

aioenit«d  ;    the  ha'morrhagcs  when   hir<^or  appear  as   sul^scruus  on  the 

<it«mal  as])ccta  of  the  liowels.     In  f>tlier  eases  the  mucous  lining  of  the 

Mofflocli  and  intestines  may  ai>pcar  j)crfcctly  normaL 

The  ffpleen,  like  all  other  organs  in  this  disease,  varies  very  much. 
htt  genenJly  larger  than  natunil,  but  not  unfiequcntly  it  is  umiltered  in 
■le  or  apj>earunce.  It  has  been  known  to  weigh  only  3}  ounces.  M'hen 
C3it  into,  if  much  enlarged,  it  is  dilHuents  grumous,  and  the  matter  flowing 
eat  is  almost  bhick.  In  other  cjuscs  tlie  organ  is  soft,  pulpy,  and  in 
^ipearancc  as  in  other  specific  febrile  diseases. 

The  bver  is  Ioks  frequently  afterted  than  other  organs ;   it  appears 
geoerully  to  be  normal ;   but  it  may  be  very  ftdl  of  blood ;    it  sometimes 
snts  numerous  small  ha-niorrhagic  are;is. 

The  kidneys  ocaisionally  show  small  extravasations  of  blood  beneath 
tbe  capsule  ;  the  |taronchyraa  is  usually  engorged  with  blood. 

The  brain  and  spinal  cord  —  Extravasations  of  blood  not  infre- 
quently lie  between  the  membranes,  sometimes  completely  surrounding 
tile  bmin  and  6Uing  the  latend  ventncles  ;  small  infarcts  to  the  size  of  a 
pea  may  occasionally  1^  seen  iu  tho  cerebral  substance. 

VOL.  n — FT.  I  a 


24» 


SYSTEM  OF  MBDTCINE 


In  a  case  of  gastro-inteatinal  anthrax  dcacribod  by  I>r.  Teacher,  it 
adflition  to  many  of  the  pathoIogiciU  conditions  here  described  in  ili£ 
organs,  there  were  found  near  the  pyloric  orifice  three  ftmali  swolletJ 
h Hemorrhagic  a[>uLs  with  »]i^htly  ehivat<Mi  ptiHtuIe-like  ccntrea.  On  tha 
surface  of  the  intestines  were  three  or  tour  congcsltxl  ha>morrhagie  areaa, 
and  internally,  corresponding  to  the  oonge«ted  patches,  were  areas  of 
inteniie  congestion  with  hiEmorrhagic  sluugliy  centres.  The  largest  of 
the^e  was  situated  about  four  feet  from  the  pylorus ;  it  consisted  of  on 
irrcguhir  area  al»out  two  inches  in  diameter,  deeply  congested  and 
infiltratod  with  extravasate*!  lihiod.  The  centre  was  ulcerated  and 
sloughy,  and  ap|)eared  to  be  on  the  point  of  perforation.  The  oondition 
was  regarded  as  an  acute  infection  originating  at  and  spreading  from 
this  intestinal  focus.  There  was  a  diH'use  h:i?raorrhagic  condition  of  th« 
pia-arachnoid,  which  was  shewn  microecopically  t-o  bo  an  early  meningitia 
duo  to  the  B<\dlUis  m\ikn\.f:is.  Accoitling  to  Dr.  Teacher,  pia-arulnioid 
haemorrli.ige  is  not  infrequently  associalt'd  with  anthrax,  and  its  discoTery 
has  sometimes  given  the  first  clue  to  the  nature  of  the  case. 

The  chanicteristic  changes  are — (i.)  The  discoloration  of  the  skin ; 
from  this  alone  in  many  cases  the  cause  of  death  may  be  sunnised.  In 
some  cases,  however,  it  is  not  decidedly  marked,  (ii.)  The  gclatinoui 
oedema  of  the  cellular  tissue  in  various  parts  of  the  body :  particidarly  in 
the  anterior  meiiiastinuin,  around  the  pharynx,  trachea,  base  of  the  ht-art; 
in  the  mesentery,  omentum,  and  fat  around  the  kidneys,  (iii.)  The 
extravasations  of  blood;  which  may  l>e  extensive  in  the  chesty  th< 
abdomen,  and  the  hoiul  in  the  same  patient ;  or  in  only  one  of  tbest 
pbicea ;  with  innumerable  smaller  ha-morrhagic  areas  in  any  organ  oi 
tissue  in  any  part  of  the  body,  (iv.)  The  extensive  serous  effusions  intc 
the  ploune,  |)ericardiuni,  ami  pcnti.»neum. 

For  the  miornscopical  characters  of  the  tissues  in  pulmonary  antbnu 
we  are  indelited  to  Professor  Greenfield's  rejwrt  to  the  Locid  Uovemmeiil 
Boanl  in  1 88 1  on  the  Wool-sorters'  Diseasti  in  BrailfortJ.  From  this  report 
ve  gather  that  "  the  lesion  in  the  branchi  pres(!nted  in  various  degree! 
constant  and  characteristic  features,  limited  almust  entirely  to  the  lowei 
part  of  the  trachea  nt^ar  \\»  bifnrc;Uion,  to  the  two  raiiin  bronchi,  and  in  on( 
caae  only  ^oa(^lling  tu  the  first  di^-ision.  In  the  earliest  stage  of  the  proccsi 
the  most  supcrticial  layers  of  the  mucous  membrane  are  found  to  be  infil 
trated  with  bacilli,  lat^r  they  are  founil  in  scanty  clusters  in  the  somewhat 
deeper  layei-s,  still,  however-,  only  in  the  connective-tissue  spaces  or  in  th< 
lymphatics.  Very  speedily,  however,  there  ap[icar  two  special  conditiona 
viz.  h;l^mor^ha^e  and  iiitlamuiation."  The  haemorrhage  may  be  slight  nnc 
only  into  the  i^ubopitbelial  tissue.  Avhich  then  becomes  detached  ;  if  men 
extensive,  it  may  invade  the  mucous  and  submucons  tissue  through  tbeii 
entirtf  depth.  In  the  vicinity  of  the  ha'morrhages  is  a  more  markcc 
accuuMiIation  of  bacilli ;  they  crowd  the  superficial  layers  of  the  mucouj 
membrane,  and  are  found  in  larger  numljcrs  in  the  connective  tissue 
masses  are  nl-jo  found  here  and  there  in  the  1^'mphalics,  and  sometimes  ii 
the  smaller  blood-vessoU. 
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Duhiimiuyn  of  the  BaeilU. — After  inoculation  the  bacilli  spread  mainly 
hj  ny  of  the  lymphatic  vesaela.  The  1>1o<h1  can  at  first  only  aorve  as  a 
curier  of  tho  organisms,  not  as  a  place  for  their  multiplication.  Only  at 
«  reUtively  late  period  are  they  tu  be  found  in  large  numbers  in  the 
blood  wben  the  signs  of  general  infection  became  promint'tit.  bacilli  are 
eomnoD  in  the  urine  of  domestic  animals  when  BUtTering  from  this 
(lti«a«.  In  man  the  kidneys  are  not  very  frequently  invaded,  but  when 
tlu;  jire,  bacilli  escape  witb  l)UK>d  from  the  ciipillaries  of  tbe  glomeruli, 
ikod  develop  in  the  urino  liefore  it  is  voided  from  the  bladder.  Similarly 
(rijin  mpture  of  capillaries  bacilli  are  found  in  milk  ;  they  will  paws  also, 
knipliu^  of  vessels,  from  mother  to  ffeins  thiough  the  placenta.  They 
IttTc  been  found  in  the  freces  and  the  sputum. 

Incubation. — The  period  of  incubution  varies  with  the  method  of 
ifloeaUtion  and  the  quantity  and  virulence  of  the  poisoiL  Wlien  it  is 
introduced  by  the  bite  of  a  fly  or  tbe  stiug  of  an  insect,  the  additional 
poison  immediately  arouses  a  painful  itching  and  rapid  inHamniation  of 
the  akin.  Where  an  inlbinied  pimple  has  h«cn  scratched  and  inoculated 
ftt  tbe  same  time,  or  shortly  afterwards,  development  is  almost  equally 
lipid.  When  the  virus  is  introduce<l  by  a  cut  or  abrasion  of  heidthy 
ikin  there  will  Iw  some  itching  ou  the  following  day,  with  swt^lling  and 
uiiiammation  on  the  tliird  day.  Wlien  the  iofocting  material  is  fresh 
judLin  the  bacillary  form,  incubation  will  be  shorter  than  when  dried 
VmpHb  &re  the  infecting  agent  WheTi  the  period  of  incubation  appears 
r  to  Be  longer  than  two  or  three  days,  it  is  proliable  that,  after  exposure 
I  10  iiifdcUoD,  some  of  the  virus  has  remained  al>out  the  person  or  in 
I  contact  with  the  skin  fur  several  days,  ur  even  weeks,  without  producing 
amy  effect ;  but  after  it  has  passed  beyond  the  epidermic  barrier  it 
nnltipUcd  rapidly,  and  M'ithin  twenty  -  four  hours  produces  its  local 
specific  effect. 

Symptoms. —  1 .  Cutaneous  Anthrax. — (o)  Local. — ^The  necrotic  variety 
is  not  often  seen  by  the  suigeon  during  the  early  papular  stage.  When 
it  proceeds  from  the  bite  or  sting  of  an  insect  there  is  first  a  painful 
itching  at  tbe  spot,  and  within  a  few  hours  a  red  papule  with  a  minute 
puncture  apjieurs  ;  on  the  following  day  a  vesicle  forms  with 
rounding  redness,  and  Wyond  this  considemble  brawny  swelling. 
the  tup  of  an  ordinai-y  piniple  baa  been  scratched  oft'  and  innculate<l 
At  the  some  time — a  comraun  event — the  sirot  is  very  irritable  and  pain- 
fol;  on  the  second  chiy  there  is  usiuilly  a  vesicle,  which  may  vary  in  size 
from  a  split  pea  to  a  shilling,  and  contains  a  yellow  or  brown  exudation. 
On  the  third  day  the  vesicle  has  burst  and  shrunk,  leading  a  grey  or 
brvwn  btwe  exuding  serum.  On  the  fourth  day  there  is  a  hlark^  dry^ 
dapns$ed  aehnr,  surrounded  by  a  very  characteristic  slightly  elevated 
border  of  small  vesicles.  The  vesicular  rim  may  be  indefinite  and 
irregular,  or  complete  ;  and  other  red  currantrlike  vesicles  on  the  surface 
<rf  the  adjoining  skin  may  be  few  atid  discrote,  or  many,  confluent  and 
«xtennve.  The  exudation  during  life  is  fluid  and  often  very  abundant; 
4fter  death  it  may  not  flow  out  when  the  vesicles  are  opened.     'VMien 
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the  eschar  extends  hy  including  the  eai'lier  veaiclea,  large  bulla'  fur 
irregularly  on  the  akin  around  and  beyond  the  margin  of  the  oschAT' 
When  there  has  been  a  primaiy  anthrax  pjipule  on  sound  skin  there  majf 
be  no  red  areola,  even  aftur  thu  eschar  has  forniod ;  hut  there  is  always- 
a  coQsidcrai^lc  degree  of  fiim  o^^dcma  of  the  surrounding  tissues,  and 
when  there  is  a  mixed  infection  there  will  be  more  redness.  The  tirm, 
unyielding  ailema  extends  in  all  diroctiuns,  and  the  neighbouring  lymph- 
atic glands  may  he  tender,  hard,  and  enlarged.  When  on  the  neck 
the  lesion  may,  within  two  or  three  days,  involve  the  larynx,  or,  much 
more  frequently,  the  cellular  tissue  and  glands  of  the  mediastinum,  and 
produce  dyspna^  and  dysphagia.  MTien  close  to  the  orbit,  the  swelling 
of  the  eyelids  may  render  the  person  unable  to  continue  his  work, 
although  ho  may  feel  quite  well.  In  severe  cases  the  twlema  may  extend 
all  over  the  head,  neck,  and  chest  to  below  the  nipples.  The  circum- 
ference of  the  head  has  been  known  to  i-each  29i  inches,  and  over  the 
eyebrows  2fi}  inches.  The  general  absence  of  pjiin  round  the  enchar 
is  remarkable  ;  it  is  never  acute,  and  is  rather  a  sense  of  weight,  fulneu^ 
and  numbness  in  the  |>art  due  to  the  swelling.  Thei-c  is  always  an 
absence  of  pus  till  after  seven  to  ten  days,  when  the  eschar  begins  to 
separate. 

The  erysipelatous  variety  appears  generally  at  the  junction  of  the  skin 
with  the  mucouM  uiondintimuf  the  eyelids,  nose,  mouth,  or  prepuce.  The 
name  was  given  solely  on  account  of  the  resemblance  to  erysipelas,  and  not 
because  it  might  be  a  combination  of  erj-sipelas  and  anthrax ;  but  a  mixed 
infection  is  more  often  found  in  this  variety  than  in  the  necrotic.  The 
local  symptoms  Inisidea  those  of  erysipelas  are  the  extensive  swelling 
and  the  absence  of  jiain.  In  slight  cases  there  is  no  redness  or  ve&icula- 
tion  ;  when  tunere  theru  is  much  rcdooBS,  with  vesiculatiou  and  a  gui- 
gronous  discoloi-ation  of  the  skin. 

(6)  Octurral.  —  So  long  as  the  disease  is  locjil  the  constitutional 
symptoms  are  slight ;  when  general  infection  takes  place  they  are  the 
same  for  both  varieties.  The  severity  of  the  general  a\'nq>tom3  bears  no 
relation  to  the  amount  of  lf«:al  disease;  a  small  pimple  on  the  neck  or 
chin,  without  much  jmiu,  inHammatiuri,  or  u'denia,  may  be  fatal  within 
three  days.  On  the  other  hand,  an  eschar  on  the  temple,  with  large 
buUte  abo>*e,  freely  discharging  etraw-culoured  fluid,  >vilh  swelling  all 
over  the  hea>l  and  involving  the  submaxillary  glands,  may  tcrniinato  in 
recovery.  In  a  few  c:iaos  with  considerable  local  lesions  there  are  no 
general  manifestations,  the  patient  being  able  to  eat,  sleep,  and  go  about 
u  usual ;  in  other  cases  there  is  but  a  slight  feeling  of  illness.  In  more 
severe  cases  the  symptoms  of  genei-al  infection  set  in  on  the  day  follow- 
ing tlio  ap{>earancc  of  the  pimple ;  in  othei-s  they  may  be  deferred  for  a 
week  or  more.  The  initial  symptoms  are  those  of  any  other  febrile 
disease ;  such  as  slight  feeling  of  illness,  weakness,  chilliness,  occasionally 
a  slight  rigor,  some  thirst,  at  times  vomiting,  fulno?is  in  the  head,  restless- 
ness, and  disturbed  sleep.  The  symptoms  afterwards  appear  according 
to  the  iatemal  localisation  of  the  disease,  vis.  bff^morrhagcs  and  gelatinous 
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in  the  coats  of  the  stomach  and  bowels,  or  in  the  mesentery 
uid abdominal  cellular  ttaaue,  with  perftisteiit  vomiting  and  diarrhoea;  in 
lungs,  with  rapid  breathing  and  a  tendency  in  cyanosiB ;  in  tho  head 
-BicDingBal, — with  violent  delirium,  con  Mils  ions,  and  coma;  in  and 
lilt  the  hejirt,  with  rapid  collapse  and  death.  Dujing  the  first  few 
Uitf  pulse  may  not  be  aflectcd,  but  a*)  the  state  of  the  patient 
^ver,  it  will  be  small,  rapid,  irregular,  weak,  and  imj>er- 
For  several  days  there  is  usually  no  fevor,  and  later  the 
Bpcratare  rarely  exceeds  102"  F.  In  the  recttim  it  is  usually  S^-Jj" 
ihcf  than  in  tho  axilK  It  has  Iwon  noticed  to  be  1046°  F.  in  the 
twelve  hoiu^  before  death.  In  one  case  it  reached  1051' in  the 
and  yet  recoverj*  foUowerl.  In  some  fatjil  cases,  with  lesions  in 
brain  and  meninges,  the  temperature  has  heeii  from  103  to  lOG"  F. 
Oeoaonally  the  temperature  talb  before  death. 

t  Pulmonary  Anthrax — Wool-sorters*  Disease. — llio  aspect  of  the 
PAW  in  this  form  is  really  negative.  There  is  no  external  lesion. 
ly  bo  no  rigot-s,  |»ain,  cough,  vomiting,  purging,  or  other  dis- 
numifeatations  until  tho  near  approach  of  death,  and  even  then 
p>tieat  nuiy  not  feel  particularly  ill.  For  example,  a  previously 
jM^y  mohair-sorter,  ag«l  46,  not  fenUn^  very  w('ll,  lalled  to  see  his 
at  10.30  A.M.  ;  during  tho  aftei-noon,  when  talking  a  walk,  he 
bis  hands  were  cold  (-July)  and  his  finger-nails  were  of  a  Iduish 
He  bxul  a  restless  night,  his  bi^^athing  being  oppi'eesed  and 
and  ho  (Uod  at  10  a.m.  Dunition,  twenty-four  hours.  A  Van 
iMorter,  aged  23,  when  taken  ill,  wished  to  bo  removed  to  his 
Jinme  eight  miles  away.  He  said  he  felt  "all  right."  Against 
fe  of  his  doctor  he  went,  and  died  in  the  cab  on  the  wiiy, 
>otlMjr  Van  mohair-BOrter,  aged  39,  got  up  and  dressed  himself  to  go  to 
rk  as  usual,  but  feeling  weak  he  went  back  to  bed,  and  died  at 
1^  P.M.  the  same  day.  A  Strang  healthy  man,  aged  39,  after  a 
ly  good  night,  got  up  at  6  A.M.  to  go  to  work,  his  hands  and 
cold,  he  fainted,  got  into  Ixsil  again,  and  died  at  2.30  P.M.  the 
day.  An  alpaca-sorter,  not  feeling  very  well  on  a  Saturday, 
It  tho  fresh  air  at  the  seaside,  120  miles  away,  would  do  him 
On  Sunday  afternoon  he  had  a  short  walk  in  the  garden,  wjis 
-ing  the  evening,  and  died  eai-ly  on  Monday  morning. 
. — These,  in  unmixed  cases,  are  common  to  many  diseases,  and 
'T»M*er  severe  or  painful.  The  patient  feels  "out  of  sorts,"  "not  well, 
ill,"  "not  half  well,"  "as  if  he  had  wuight  cold  and  something  was 
fng  on,"  There  may  be  shivering — not  amounting  to  a  rigor ;  in 
some  uneasiness  at  tho  chest  or  stomach,  and  in  all  cases  great 
Wiknoas  and  weariness.  Tlie  distress,  however,  is  so  alight  that  tho 
doctor  is  not  summoned  till  one,  or  more  frequently  two  days  hare 
JlMBrl,  when  the  patient,  without  feeling  seriously  ill,  or  the  friends 
Jg  apprehensive   of  danger,  may  be  found  in  a  collapsed  condition, 

almost  pulseless,  and  within  a  few  hours  of  death. 
\Alvmeidaafy  Sifstfm. — The  tongue  is  always  moist  and  generally  coated 


with  a  slight,  creamy-colon  red  coTuring.     Thirst  is  usual,  in  a  few 

extreme.  Appetite  ia  not  good,  but  somo  have  partaken  of  food  moder- 
ately after  le.'Lving  work  ill ;  there  may  be  nausea,  weighty  and  unoaaineaa 
at  the  stomach,  yomitiiig  is  me[)tionc«J  in  nearly  one-half  of  the  cases ; 
this  may  occur  once  only  in  the  early  stage  of  the  disease,  and  is  un- 
important; in  other  cases  it  may  be  persistent,  commencing  after  tbr^ 
second  day,  and  depending  ui>on  concentration  of  the  disease  upon  the 
stomach  and  bowels.  Oinrrhcca  is  not  so  frequent  as  vomiting  ;  there  is 
occasionally  aljiiomiual  pain  ;  blootly  evacuations  have  mtt  been  noticwl 

Rf^pinxUrry  ^i/alcrn. — The  lungs  are  always  involved,  alihuugh  sam& 
timos  the  symptoms  arc  slight.  In  a  few  cases  there  is  pain  in  the  side, 
but  it  is  seldom  severe  or  continnoim.  Nearly  all  have  a  feeling  of 
tightness,  opproK^ion,  weight  or  pn-asuro  about  the  chest  which  interferes 
with  the  breathing.  In  some  this  ia  the  only  chest  symptom.  The 
breathing  is  accelerated,  diHicul^  and  in  the  later  stage  forty  to  fifty  a 
minute;  but  in  two  patients,  who  were  cold  and  almost  pulseless,  tbs 
respirations  were  only  twenty -five  and  twenty^six  respectively.  Cough 
is  generally  present,  but  never  severe  or  very  troublesome.  In  most  caaos 
there  is  no  expectoration,  in  none  very  much ;  ocoAsionally  it  contains 
numerous  small  species  of  blood,  nnd  in  a  very  few,  and  only  in  caaes 
which  have  continued  over  five  days,  is  it  slightly  nisty  coloured.  The 
purer  the  case  the  less  likely  is  there  to  be  any  pneumonia.  The  breath 
has  often  been  noticed  to  have  a  faint,  sickly,  pecidinr  fetid  odour.  A 
duaky  Icjiden  hue  or  lividity  of  face,  neck,  ears,  mid  fingers,  increasing  to 
cyanosis  in  the  collapse  stage,  is  usual. 

The  percussion  note  is  generally  clear ;  impairment  has  occasionally 
been  noticed  on  one  side,  genemlly  on  the  nght ;  it  is  never  very 
decided,  even  when  the  examinalion  Iwis  been  carefully  made  a  fow  hours 
before  death  although  much  Huiil  has  hcen  found  in  the  pleura*  pi»*t 
mortem.  The  respiratory  murmur  on  the  alfected  side  is  feeble  during  the 
early  stage,  and  may  bo  inaudible  over  the  upper  half  or  more  of  the 
long  at  a  later  stage — the  percussion  note  being  clear — from  pressure  of 
enlarged  glands  on  the  bronchi.  Dry,  sibilant,  cooing  sounds  are  common 
on  the  right  side  ;  moist,  bronchial  rales  arc  often  present^  but  crepita- 
tions are  very  rare.  The  left  lung  is  seldom  affected  so  much  as  the 
right,  and  much  less  frequently. 

7Vf<*  (^rnthiiory  Organs. — In  some  cases  the  force  of  the  vims  appeara 
to  fall  more  upon  the  heart  than  on  the  lungs,  fienemlly  the  pulse  is 
soft,  small,  wciik,  rapifl,  and  irregular,  according  to  the  stage  of  the 
disease.  At  the  commencement  the  freipiency  and  force  of  the  pulse 
may  not  differ  from  the  normal,  so  that  danger  may  not  l>e  susperted. 
In  the  rapid  case  (see  p.  347)  the  pulse  was  100  a  minute  seven  hours 
before  the  patient's  death  ;  in  another  case,  twelve  hours  before  death,  it 
was  only  82.  It  is,  however,  usually  weak  and  mpid  out  of  proportion 
to  the  apparent  severity  of  the  illness  (120  to  HO),  and  as  the  patient 
approaches  the  cn<l  it  becomes  very  small,  irregular,  and  uncountablc- 
The  beartrsounds  are  also  very  feeble  and  at  times  inaudible. 
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AWmiM  System. — In  about  ono-^h  of  the  coses  headache,  alone  or 
ci;m'rtiaM  with  dolintmi,  has  been  observed.  Coma  and  convulsions, 
probably  the  restilt  of  meningeal  iLtriiorrhagi',  also  occur  at  tiniea  In  the 
nujority  of  case^  howover,  the  mind  remains  clear  throughout  the  illness. 

fjbs  mid  Tnnpfrnturr. — The  skin  is  always  moist,  and  in  nuwiy 
pitienU,  when  the  surface  of  the  body  is  cold,  it  in  Itatliod  with  iwrspira- 
twa  The  temperature  in  the  axilla  in  ordinary  cases  seldom  rcaehea 
103  F.;  the  few  cases  in  which  104°  to  105*^^  have  been  recoi-ded  were 
prolonged  and  combined  with  pneumonia:  in  one  case  107^  was  noted 
iTO  hniirs  l>efoi'e  death  on  the  seventh  day.  The  temperature  is  usually 
('bi5  higher  in  the  rectum  than  in  the  axilla,  ami  f'uUa  as  the  diswise 
idnnccs. 

{'rrntir^  Sydem. — The  urine  is  scanty,  dark-coloured,  and  of  high 
»I«ifie  gravity,  even  up  to  1040.  In  several  caftea,  Iwth  of  the 
cutAAeons  and  pulmonary  form,  it  has  been  found  to  contain  albumin 
—ID  one  case  as  much  as  *' two-thirds ";  when  present  the  amount  is 
Boulljr  small,  but  in  the  majority  of  cases  there  is  none.  In  one  case 
<rfniUncous  anthrax,  in  which  the  patient  recovered,  the  specific  gravity 
*u  1043,  and  a  quantity  of  sugar  was  present. 

Tha  symptoms  and  progress  of  pure  cases  are  what  we  may  suppose 
wwl'i  follow  from  the  inoculHtiun  of  vimlent  anthrax  virus  into  the 
crrrulAiing  Huids  of  a  healthy  j>ersou.  In  the  most  rapid  cases  the 
icv4.:iii)g  force  is  so  overwhelming  that  the  initial  collapse  continues, 
and  the  strong  man  yi*'lda  his  life  withotit  a  sign  of  resistance.  In 
onlJMry  uises  slight  reaction  t^ikes  place,  followed  by  collapse  and  death 
▼iihiij  three  or  four  days,  before  local  inflivmrnatory  lesions  mask  the 
iialiire  of  the  illness.  In  more  prolonged  cases  inflammatory  changes 
t*Ite  place  in  the  bings,  which  very  greatly  oljscure  the  nature  of  the 
iilnt^  and  aild  their  own  i>articular  dangers,  but  indicate  a  diminished 
f»i  from  the  anthrax  poison. 

Hd^'ui '  'tisf, — An  alpaca-sorter  when  at  work  one  morning  felt  weak  and 

peftpired  freely.     He  walked  home  two  and  a  half  miles,  ami  wjis  ^Hsited 

fii"  his  doctor  at  7  p.m.  the  same  evening.      He  stated  th;it  he  had  not 

ftit  chilly  ;  there  had  be^n  no  thirst,  vomiting,  or  pain  ;  the  t<ingue  was 

^^Mttft^   slightly  coated,   and  felt  cold  to   the  touch ;    there    was    some 

^^Heezing  in  the  trachea,  very  little  cttugh,  no  expectoration  ;  respiration 

It,  no  dulnesa  on  percussion  of  chest',  some  dry  cooing  sounds  over  the 

right   htng   posteriorly,   no  moist  sounds;   pulse   100,   very  weak   and 

irregular;    temperature  in  axilla  97*6^  F.,  under  tongue  98*1',  within 

rectum  102-2\     At  11  r.w.  temperature — axilla  966°,  rectum  102  ri" ; 

pulse  rapid,  irregular,  uncoimtable ;  hunds,  knees,  face,  and  tongue  cold  ; 

penvpiration  freo>  mind  clear.     He  died  three  hours  afterwards.    Duration, 

aevcntccn  hours. 

Ordinary  Case. — A  sorter  of  mohair  cortiphJned  of  feeling  rather  sick 
and  weak  ;  he  hiul  do  jiain,  alight  coUL;h,  no  expectoration.  Chest  on 
percussion  jn  front  and  behind  eloar^  respiratfjry  murmur  over  right  lung 
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very  feoblc,  no  moist  sounds,  respiration  24  ;  pulso  126  ;  temperature 

axilla  100*4'  F.     There  wiis  nothing  apparent  in  hia  general  condition  to 
cause  or  correspond  with  the  dangerous  character  of  the  pulsa      JAxy  -4^^- 
— In  the  morning:  rettpiratiun  28;  pld^ic  120,  small,  feeble,  and  uneven  > 
terapcratiu'e^ — axilla  981'  K,  mouth  100",  rectum  102*4'.     Complained  ot 
nothing  but  sickness,   had  vomited  froi|ueutly ;   at  10  P.M.  right  Utn^ 
sounds  vorj'  feeble,  no  decided  dulnes^,  respiration  30;    pulse  116,  verj.' 
wfcik  ;  tempL'iiiture — axilla  973,  mouth  97-9 ",  rectum  101";  oxtremilic* 
cold.     MiX]f  5M. — Lungs  resonant,  no  crepitations,  respiiiition  40  ;  tongue 
moist:  pulse  1 20.  scarcely  Oi>untable  ;   collapse  incre^i-sing  ;    tem|)orauir(i 
— axilla  97 ^  mouth  98',  rectum   100-8".     At  5  p.m.  the  lung*  anteriorly 
were  resonant,  respiration  48  ;  pulse  ulnHwt  iniperccfitihle ;  \qx'j*  restlesi. 
At  8  P.M.  he  die<I.      Duration  of  illness,  four  days.      Anthrax  bacilli  were 
afterwanls  found  in  the  blood. 

Frolotujt^l  Cttstf. — A  Ca|)«  mohair-sorter  left  work  on  May  1 9th  feeling 
chilled.  Uo  perspired  freely,  and  had  slight  cough.  Tcmp«raturc  lO.'t"  F., 
pulse  regular,  full,  128.  On  the  20th  had  pain  in  the  left  side,  felt  weak, 
perspired  freely,  slight  rusty  ex]}ectoration  ;  some  crepitiitions  at  the  Itase 
of  left  lung  posteriorly,  no  marked  dulneas ;  temperature  104*2'  ;  puUe 
128.  On  the  22nd  passed  a  restless  night ;  no  cough  or  expectoration- 
On  the  23rd  felt  Itotter;  no  iwin.  On  tlie  24th  more  jwin,  particularly 
in  chest.  Tiibular  breathing  over  lower  jwrtion  of  left  lung  ptstoriorly, 
dulness  marked,  also  slightly  on  right  side;  temperature  103'2%  pulse 
regiiLir,  130.  On  the  25th  felt  better;  nut  much  pain  ;  mind  wandering. 
On  the  26th  apiiearcd  better ;  not  much  cough,  some  cxpL>ctx>ration,  not 
coloured  ;  sat  up  in  bed  when  doctor  wjw  present,  and  took  a  pint  of 
mutton-broth.  On  the  27th  much  worse,  insensible;  breathing  laboured 
and  rapid  :  pulse  1 36,  weak  and  irregiUar.  Hands  and  arms  warm.  He 
died  shortly  afterwards.  Duration,  nine  days.  Chanicteristic  bacilli 
were  found  in  the  pcricardiid  Huitl. 

3  Oastro- intestinal  Anthrax. — The  symptoms  are  those  of  poisoning 
of  a  gastrointestinal  character,  with  or  ^rithout  those  of  a  febrile  attack, 
and  develop  rapidly  into  those  of  general  infection  as  seen  in  other  forms 
of  anthrax.  There  nuiy  or  may  not  be,  first,  slight  febrile  symptoms, 
such  as  pain  in  the  head,  back,  and  limbs,  with  nauaoa,  poraiotent 
vomitings  aMominal  ]Kiin,  and  diarrhteu,  which  is  sometimes  h»morrhagic. 
The  patient  fools  very  weak,  helpless,  and  restless  ;  the  pulse  is  small  and 
rapid  ;  the  temperature  in  the  rectum  a  little  above  normal ;  the  surface 
of  the  skin  cold  and  moist,  the  respiration  rapid,  and  the  f.ice  slightly 
cyanotic ;  the  blood  stagnates  in  the  extremities,  and  occasionally  con- 
vulsions and  coma  are  followed  by  collapse  and  death  in  from  two  to  five 
days. 

A  case  fully  described  by  Dr.  J.  H.  Teacher  ran  its  course  in  24 
bom's.  The  patient  was  a  lead-worker.  The  moat  careful  inquiry 
eliminated  all  readily  recognisable  source's  of  infection,  and  the  evidence 
suggested  infection  from  foo<l  or  in  ordinary  deglutition.  He  was  said 
to  have  been  in  perfect  health  until  the  morning  of  January  ,31st,  1905, 
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vbeii  he  roM  lu  usual,  but  returned  to  bed  on  account  of  giddiness  and 
bttdaehe.  Uo  did  not  appear  seriously  ill  until  7  km.,  when  he  was 
foiin\i  out  of  be<l  in  a  restless  and  excited  condition.  He  waa  admitted 
lothe  Western  Infimmry,  GUwgow,  at  11.15  r.M.,  in  a  Benii-con.sciou.^  and 
dclimnu  ft&tti.  Kespirations  wore  i!<i  per  minute;  the  pulse  iras  small 
nd  wiry,  &0  per  minute ;  and  the  tempenitnro  was  &H-4  F.  There  was 
iin  iiu;ri  of  di»ea.se  except  t^nderneas  on  pressure  over  the  epigastric  and 
umbilical  regions.  At  3  A.M.  on  the  following  day  he  hafl  a  convulsion, 
btviDnIng  in  the  face,  affecting  both  sidea  eqiuilly,  and  rapidly  becoming 
p-neniL  The  urine  contained  some  sugar  and  alhiunin.  Ho  died  at 
130  vw.,  just  aft«r  the  fourth  convulsion.  (For  post-mortem  appear- 
*iw«  in  this  case  we  p.  •242.) 

Diagnosis. — The  occupation  of  the  patient  may  sometimes  afford  a 
eln'^totho  natui*G  of  the  disease.  In  the  earliest  pjtpular  stage  of  the 
ftttrotic  fonn,  if  the  patient  had  I>een  exposed  to  infection,  a  pimple  on 
any  on«>vero<l  part  of  Uio  body  would  excite  suspicion.  The  vesicular 
*uge  it  more  ch;iracteristic.  The  exudation  may  be  clear  and  straw- 
eoloorol,  or  brown.  Redness,  swelling,  juid  tcMnIerness  may  extend  along 
Uw  lyojphaticfl  to  the  neighbouring  glands.  vVll  these  signs,  however, 
Bay  be  present  and  yet  anthrax  be  absent.  After  three  days  the  central 
wlj  catchar.  \vith  surrounding  vesicles,  redness,  extensive  (etjema,  and  but 
•light  puin  jU>out  the  |»art,  will  be  very  chaiiictcristic.  It  may  be  dis- 
Unguished  from  a  boil  or  carbuncle  by  th«  absence  of  suppuration,  and 
*!*>  by  the  absence  of  the  moist,  yellow,  slonghitig  core ;  from  phleg- 
BwQoui)  eryai|/elas  and  eelhiliiis  by  the  aksence  of  pain  ;  and,  although 
lliflw  may  be  attended  with  vesication  and  gangrene,  the  gangrene  is 
uKTe  cxleuHivc,  the  vesication  is  not  on  the  margin  of  skin  surrounding 
tiieocharf  and  the  ceilenui  is  not  so  sharply  defined;  from  chancre  by 
Wrt  mpidity  of  its  progress  and  the  more  serious  constitutional  symptoms  ; 
from  glanders  by  the  absence  of  the  numerous  red  vesicles  and  the  ct>piouH 
ptrifumi  iliiu;harge  from  the  nostrils;  from  malignant  (wlema — progres- 
«ve  gangrene  of  the  skin — by  the  absence  of  crepitation  of  fetid  gas  in 
tiic  celluhir  tissue,  and  by  cultures  and  inoculations. 

Where  there  ia  siwpicion  of  ytulmonary  or  internal  anthrax  the 
fliglit«6t  illness  occurring  in  those  exposed  to  infection  should  be  looked 
upon  BS  serion-i,  until  thp  (Hjssibility  of  anthrax  has  been  negatived.  In 
tKc  VArly  stage,  witen  the  symptoms  are  tlie  .same  liS  those  of  ordinary 
lilmentfi,  diagnosis  is  impossilfle.  In  the  middle  stage  there  is  often 
Qiithing  characteristic  in  the  condition  of  the  patient  to  detci-mine  the 
fnve  nature  of  the  disease ;  hence  not  infrequently  it  is  unrecognised 
OAtil  the  patient  is  cold,  livid,  almost  pulseless,  and  dying.  In  the  last 
Wage  of  rapid  or  ordinaty  atUicks  the  combined  symptoms,  as  before 
given,  are  sutliciently  definite.  In  the  more  prolonged  cases,  complicated 
with  pleurisy  and  piienmonin,  diagnosis  is  very  difficult  and  unct-rtain  ; 
[wrlia^iB  a  weak  puUt-  and  j)roKtration  out  of  proportion  to  the  local 
Iftuous  may  excite  u  suspicion,  which  can  bo  confirmed  or  dispelled  by 
Wtcriological  methods  only. 
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iWirrmhgv'ai  DiiujnosLt. — In  every  ewe  of  anthrax  an  attempt  shonU 
bo  niiule  to  demonstrate  the  presence  of  the  bacillus,  but  failure  to  isobt£ 
the  J»ucilhia  does   not  prove  absence   of  the  dieeaw.      Kaihire  may  b 
accounted  for  by  (I)  occurrence  of  putrefactive  changes  in  tho  material, 
(2)  insufficiency  of  the  amount  scnt^     liesponsibility,  therefore,  for  th» 
diagnosifl  resta  more  with  the  practitioner  on  clinical  grounds  than  with 
the  bacteriolo^Bt.     The  symptoma  of  the  necrotic  variety  are  in  mm% 
cases  so  characteristic   as  to   admit  of   no  doubt.      It  cannot    be    too 
strongly  insisted  on  that  recourse  miist  be  had   to  all  knovm  bacterio- 
logical methods.     Careful  microscopical  examination  of  fresh  or  stained. 
coversHp  preparations  of  lymph   from  the  vesicles  nearest  the   escharJ 
or    from    under   the    margin    of    the    eschar   itself,   frequently,   thon( 
by  no  means  always,  reveals  the  presence  of  the  bacilli.     Ijitcr,  when- 
putrefactive  organisms  are  present  also  (and  this  applies  to  examination 
of  material   taken   more   than   24   houre  after  death),   the  «lifliculty  of 
identifying;  the  bjuiillus  increases.     When  verification  by  both  culture  on 
agar  or  gelatin  plates  and  animal  experiment  is  sought  (and  this  should 
be  done   wherever  possible),  one  or  the  other,  if  not  h*Mh,  may  yield 
oonfirniaLi:iry  evidence.      Inoculation    of    mice  or  guinea-pigs  with   sua-j 
pected   material   has  often   proved   positive  when   other  methods   have 
failed. 

The  bacilli  are  rarely  detected  in  the  blood  until  within  a  few  booi 
of  death  in  the  pulmonary  fonw,  or  in  cutaneous  anthrax   until   aft 
generalisation  of  the  disease.     They  have,  however,  been  found  48  hour 
before  death.     No  case  of  recovery  from  piJmonary  or  internal  anthraxii 
has  been  recorded  in  which  the  bacilli  have  been  detected  in  the  blood,  but 
recovery  in  similar  circumstances  aft^r  generalisation  of  the  eutflneons  form 
is  not  unknown.     In  arhlition  to  that  already  mentioned,  the  materiali; 
most  likely  to  show  anthrax  bacilli  is  blood  from  the  heart,  spleen,  am 
hmgs,  pericardial  and  pleuritic  tlui<l,  and  fluid  from  the  lateral  ventriclca.^ 
Verification   of  anthrax   bacilli  in   horse^hair,  wool,   hides,   and   skins 
ditricult,  but  in  several  instances  their  presence  bus  been  demonatrat 
(1,  2,  5,  7,  18,  19,  20,  41).     The  procedure  generally  adopted  has  beei 
to  heat  an  emulsion   of   the  material   in   physiological  salt  solution   oi 
bouillon  for  some  minutes  at  TO^-SO'  C,  so  as  to  destroy  less  resistant 
organisms,   and    subsequently    to    make    plate    cultures    or    inoculaf 
susceptible   animals.      Success   has   in    some   cases   follnwc«^l   on   dii 
inoculation  of  dust  separated  from  the  material     Pifferentiid  diagnt 
must  bo  made  from  other  cApsule-forraing,  spore-bearing  putrofnctivc 
bacilli,  the  bacillus  of  malignant  oedema,  B,  anihittcoide^y  and  B. 
aniJintrix. 

Prognosis. —  1.  Culanemtx  ylnihrtir^ — The  danger  to  life  cannot  h 
estimjiteil  by  the  extent  of  the  local  disease.  Lesions  on  the  chin  anc 
the  cheek  respectively  the  sixo  of  a  split  pea,  with  veiy  slight  i^dne* 
and  Birelling,  have  been  known  to  lead  to  a  fatal  result  within  three  oi 
four  days;  yet  a  larger  lesion  with  extensive  o^loma  and  involving  ihi 
glands  may  end  in  complete  recovery.     The  most  dangerous  sit^^s  of  thi 


kxtl  kwon  are  the  upper  eyelid  aiiH  neck — the  latter  on  accoTinfc  of  its 
pnounity  to  thi*  larynx  and  mtduistinum.  When  tho  lesion  \b  situiitcd 
on  llic  tipper  part  of  the  face  the  exiulation  may  trickle  into  the  mouth, 
irt  u|t  vomiting,  and  increase  the  danger  from  secondary  intostinn^  irifw- 
tm  Active  reartion  with  much  inflammacion  around  tho  lesion  is 
pDoaUy  A  favoumble  »j^  ;  hnt  redne^  may  be  nhReat  and  the  patient 
moTtr;  on  the  other  hand  it  may  be  very  considenible  and  the  patient 
die.  The  prognosis  is  more  fa%'ourable  with  a  high  than  with  a  suhnonnal 
icopenitiire.  A  faUing  tempemtiu-e  with  an  increasing  t^ravnty  of 
pDMftl  symptoms  j»  a  precursor  of  deaih.  I>btirinm  is  not  uncommon, 
nd  is  of  very  serious  import,  as  it  generally  indicates  haemorrhages 
IteittcRD  the  arachtictid  and  pia  mater. 

Vomiting  is  not  of  grcjit  importAnce  at  the  outset,  hut  later,  if  per- 
iiso-nt,  it  indicates  general  infection.  Diarrhtra  is  rare  during  the  local 
ftt|.^  of  tlie  <li$ejuiO ;  afterwurils  it  i^  ocCJisionally  troublesome,  and  in  due 
tf  general  infection  with  concentration  of  the  effects  of  the  \irua  on  the 
dj^'^livc  tract.  liospi rations  over  10  a  minuto  also  indicate  localised 
iiiUnial  presence  of  the  Jinriihjt  ntitkniri^  especijilly  if  the  cugh  l>e 
trnUefiome.  llic  pulse  is  pcrlia|>a  the  l>cst  guide  to  the  condition  of  the 
("lieut :  «o  long  as  it  is  full  and  not  very  rapid  the  case  is  hopeful ;  Imt 
*tifri  small,  feeble,  jtnd  inerejisirig  in  rapidity  on  each  visit,  it  is  of  serious 
inf'tt  The  ptdse,  temperature,  and  rospimtion  may.  however,  be  near 
Di>nnal,  and  the  patient  not  complain  of  feeling  particularly  ill,  oven  on 
lie  tlav  preo4?ding  death. 

iJuratum  oj  lUness. — Number  of  cases  fatal  within 

tdi/i  Sdayc.    4  dajH.   fitUys.    6  days.   Tdnys.   3  days.   9  d&ys.    Over  0  days. 
5  7  23  n  13  12  fl  6  2     —Total  83 


2.  /  7  AnthniT, — When  a  strong  man  employed  on  dangerous 

WOuIb  (  nf  slight  illness,  as  if  he  had  got  a  cold,  and  after  ciuvful 

euffliontion    nothing    more  is  apparent,  a  guarded    prognosis  must  be 
OTwi ;  he  may  be  dentl  within  twenty-four  hours. 

U  the  onset  be  more  decidcil,  and  there  has  been  shivonng,  folltiwetl 
tj"  other  aymptoms  of  a  "  severe  cold,"  and  a  temperature  above  llti'o"  F., 
\ho  prognosis  will  Ix'  more  favourable ;  these  symptoms  indicate  that  the 
|ntirnt  ha^s  Ik'cu  able  tf>  re^^iat  the  onslar.ght  of  the  flpecific  disease  ;  and, 
»ilhougli  bronchopneumonia,  pleuritic  effusions,  and  secondary  suppura- 
Oons  may  follow  and  tu\(\  their  own  dangers,  these  complications  are 
lOtAgonistic  to  anthrax  development,  and  the  chances  of  the  palieiit^s 
recovery  are  more  favourable.  In  the  absence  of  bactoriological  proof  of 
^  preaenco  of  Uie  Imcilli  in  any  case  of  recovery  from  pulmonary 
nthrax,  no  definite  stAtcment  as  to  the  ntnnber  which  recover  is  possible. 
But  several  cases  of  recovery  have  been  seen  in  the  Bradford  district  in 
which  the  symptitms  suggested  strongly  this  form  of  the  disease. 
Dmration  of  fUnexs. — Number  of  cases  fatal  within 

1  day.  2  daya.  i  dnyi.  -1  days.  6  days.  6  days.  7  days.  10  days.  Over  10  days. 
Sfi2  3116  7U8  3  2        — Total  S2 
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Mortality. — -In  Europe  about  35  per  cent  of  all  oases  prove  hvJU 
Thiid  in  Gr«at  Britain  of  320  reported  caees  (1899-1905)  85  wore  faii»l 
— 2G(j  per  cent.  Of  these  13  were  of  the  iiit<irnal  variet\',  aiui  were  xl' 
fatal.  Exchiding  them  the  proportion  of  deaths  to  attacks  in  tb«; 
cut<ineoii>i  fonn  was  23 '4  per  cent.  In  Italy,  in  the  eleven  yearfl 
(1880-18901.  of  24,052  cases  5812  were  fatal,  or  24*1  per  cent.  W, 
Koch  (188G)  note<l  422  oat  of  1473  published  casos  of  cutaneous 
anthmx  as  fatal — 32  per  cent.  In  the  outbreaks  of  pulmonary  anthnuc 
Huioiig  raj;*8orter«  in  Ijower  Aiwtm  (1870-1886)  the  raoitality  was  H8S 
per  cent  It  is  universally  agi'eed  that  neglect  of  early  treatment  in  th« 
cutaneous  fonu  of  the  disease  is  one  cau*ie  of  the  high  death-rate.  Thn» 
for  a  nuiulMjr  of  yciu-s  the  fatality  of  cases  treated  in  hospitals  may  be 
considerably  loss  thiin  that  stated.  At  Guy's  Hospitil,  for  instance, 
between  1896  and  1904,  of  56  cases  treated  4  only  proved  fawl — 7'1 
per  cent.  The  mortality  viurios  greatly  accordiiig  to  the  variety  of  the 
rlis&ise  and  other  conditions.  What  determines  the  form  assumed — 
whether  it  l>e  ditlering  fiegree  of  vindence  of  the  bjiciUus,  or  differing 
degree  of  resistAuce  in  the  humau  subject — is  unknown. 

Treatment — From  the  earliest  times  all  writers  on  the  treatment  of 
anthiiix  have  recommended  the  destruction  of  the  primary  focus  of  infec- 
tion by  caustics  or  cauteries.  The  actual  cautery  is  still  the  chief  treat- 
ment ill  many  p^irta  of  Ktwsiii,  SiVwria,  Persia,  and  other  countries  of  Asia 
where  the  disea.se  is  most  prevalent.  In  England  surgital  intcrferent* 
usiLfilly  takes  the  form  in  cutaneous  anthrax  of  free  excision,  and  swab- 
bing the  wound  with  pure  c;iHx)lic  acid.  At  Guy's  Hospitid.  in  addition, 
powdered  ipecacuanha  is  commonly  dusted  on  the  wound,  and  ipecacuanha 
in  ton-grain  doses  is  given  internally.  Pavios  -  Colloy  wa.*?  guided  in 
introducing  this  treatment  by  the  experience  of  Muskett  in  South  Africa, 
who  regarded  ipecacuanha  as  a  specific  for  anthrax,  and  by  this  meiins  alone 
hud  treated  fifty  cases  without  fatil  issue.  Washbourn  found,  too,  that 
ipecacuaiiKi  destroyed  anthrax  bacilli,  but  not  spores,  which  are  not 
formwl  in  the  body.  Five  per  cent  carbolic  acid  is  often  injected  into 
the  subcutaneous  tiasue  around  the  margins  of  the  lesion  in  several 
places,  either  in  addition  to  or  instead  of  excision. 

In  pulmonary  anthrax  the  progress  of  the  disease  is  generally  so  rapid 
that,  almost  before  a  diagtio^iii  csin  be  made,  recovery  may  bo  out  of  the 
question.  In  the  pi'evious  edition  hope  was  expressed  that  a,  serum  from 
some  artificially  immunised  animal  might  be  discovered  which  would  have 
some  arresting  action  on  the  progress  of  the  disease  if  given  after  Infec- 
tion by  anthrax  virus.  And  in  this  connexion  it  was  suggested  that*  use 
of  the  serum  of  ii  natui-ally  immune  animal — ixs  the  Algerian  sheep— 
might  be  trierl  by  subcutaneous  or  intravenous  injection.  Since  this  waa 
written  progress  in  senmi  treatment,  both  in  the  cases  of  man  and  farm 
animals,  has  been  considerable. 

Protluction  of  ixissive  immunity  and  recognition  of  specific  protective 
substAncns  against  anthrax  bacilli  in  the  blood-serum  of  aniutals  bn')Ughb 
to  a  high  degree  of  active  immunity  was  made  about  the  same  time,  and 
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Icntly,  in  1895  by  Sclovo  in  shcop.  and  by  Marchoiuc  in  both 
fheepKwl  rabbita  I*ater  Sclftvo  instituted  exiwrimenta  as  to  the  relative 
•tnqgtb  in  immunising  effect  of  the  Herum  of  various  aninials — the  sheep, 
g«l,  ox,  liorse,  ami  the  ass — and  found  that  of  the  a8s  the  most  powerful. 
T"  pi^Hiuco  active  immunity  both  thew  investigators  used  the  Viiccins  of 
['i^uir,  and  8ul>8e(|nently  injected  cultures  of  vindont  .inthrax  bacilli 
PiMiuneotialy  in  gradually  increasing  doses.  To  obtain  anthrax  serum 
more  i|uickly  than  this  methcKl  allows  of,  Sclavo  evolved  the  combined 
iirtiTBWid  |ja«.sive  immunising  methods,  with  which  he  still  obtiiins  the 
Itesl  n»iilt«,  namely,  injection  of  5,  10,  or  15  c.c.  of  the  serum  of  an 
iiiu&(ini»od  anim;d,  t4.);^ethor  with  a  culture  of  slightly  altenuiited  anthrax 
hunlti,  followed  at  fortnightly  intervals  later  by  suhcutaneouti  injeetion 
oJ  virulent  cvdt\ires  in  increasing  doses  over  a  period  of  several  months. 
Hiriiig  satisfied  himself  of  the  curative  efl'ect  of  the  serum  when  udminis- 
to  ahcep  twenty-four  hours  after  inoculation  of  vimlent  anthrax 
lluftri,  ami  of  its  innocuousness  alone  in  large  doses,  Sclavo  begJin 
iwal  cuUmeous  anthnix  in  man  by  its  nie^ins  in  July  1697.  The 
aft«r  ether  has  been  added  to  the  extent  of  3  (k.t  eent  of  the  whole 
1>iilk,ii  put  up  in  tubes  containing  10  c.c.  Sclavo  directs  that  30  or 
fcrahly  4(t  cc  should  be  injected  into  the  abdomimd  wall  (10  c.c.  in 
ir  (liirurent  places)  as  the  initial  dose.  On  the  following  day,  if  there 
iprovement  either  in  the  local  or  general  symptoms,  30  or  40  c.c. 
apiia  Ih)  injected  in  the  sitme  manner.  Where  the  symptoms 
Teiy  ;;rave  10  cc.  may  with  advantage  (in  adilition  to  the  aUloniiiial 
tioRs)  l>e  injected  intravenously,  preferably  into  one  of  the  superlicia] 
on  the  back  of  the  hand,  and  rHpeate4l  later  if  necessai'y.  A 
irf  temperature  follomnj;  the  injection  is  to  lie  regajxlod  as  a  favour- 

senim,  if  kept  cool  and  in  a  d.irk  place,  remains  fidly  active  for 

two  years.      Sclavo  would  roly  ot»  the  n.'io  of  his  serum  almif,  and 

^prnattis    all    surgical    interference.       In   Kngtaiid   the  inclination  has 

ittlly  be^^n  t«  employ  it  in  all  cases  in  the  doees  recommended  by 

hnt,  in  addition,  to  excise  or  inject  5  per  cent  carbolic  acid  roimd 

local  lesion. 

Sclnvo  (1903)  refers  to  164  cases  of  cutaneous  anthrax  treated  by  his 

Jm  ill  Jtiily.      Among  these  there  were  ten  dwitlis,  6  "09  per  cent,  as 

^(oivl  with  a  mortality  of  24*  1   per  cent  for  all  cases  in  Italy.     One 

ui  (T.  M.  L.)  has  published  details  of  sivty-seven  of  these  cases,  in  fifty- 

iif  vhich  ficmm  alone  was  used.     Kxcludin^  one  fauil  cose  arul  two  in 

Kch  there  was  loss  of  tissue,  the  duration  of  illness  from  commencement 

tmntment  to  recovery  appears  not  to  have  bfcn  more  than  fourtcon 

in  any  of  the  fil'ty-tliree  cases,  and  in  forty-four  of  them  the  average 

ttion  wus  eight  days.      In  many  the   resulting  scjir   is   described    as 

^iiiticant.      Anthnuc:   bacilli   wore    found   in    the   blood    and   urine   of 

caiftes  which  recovered.      There  w:w   no  case  of  the  pulmonary  or 

-intestinal  viiriety.     So  far  in  tlio  few  cases  of  this  form  in  Brad- 

treikled  with  serum,  one  case  (in  which  the  symptoms  pointed  strongly 


354 


SYSTEM  OF  MEDICINE 


to  internal  anthrajc,  although  }>actoriological  proof  could  not  he  ohtainoil> 
recovered  after  injection  of  UOO  ca 

Mcndcz  of  Buenos  Ayres  (1904)  refers  to  1073  ca^es  treated  witt^ 
serum  from  the  horso,  immmiised  hy  him  in  the  game  way  as  wa&  doDe  a^ 
first  by  Marchoux  and  ScUvo,  with  forty-four  deaths — 4'19  pop  centw  lt> 
is  not  statod  whether  the  scrum  tieuttnont  was  used  alone  or  comhine<f 
with  operative  treatment.  Since  1903  the  dase  recommended  hy  hitii  i» 
only  3  c.c.  The  diminution  in  temperature,  pulse,  and  resiiiratiooa, 
following  on  injection  of  the  aemm,  is  as  rapid  and  markefl,  he  stales,  aa 
is  that  which  occurs  after  the  crisis  in  pneumonia.  Uis  commumcation 
does  not  >iugge8t  that  the  diaeafic  is  of  a  milder  tyjie  in  Argentina  tbaa  it 
is  in  Europe. 

Sobernheim  (43)  confirmed  the  main  results  obtained  by  Sclavo  and 
Marchoux, — proaetice  of  sjiccific  protective  su))stances  in  the  serum  of 
highly  immunised  sheep, — and  proved  that  sheep  could  be  immimiavd 
with  cert;iinty  a^inst  anthi*nx  by  the  8|»eciiic  Herum  ;  hiLer  (1900- 
190*J)  ho  developed  the  comlfincd  active  and  passive  immunising  method 
on  such  practical  lines  that  it  hiis  in  some  measure  replaced  that  of 
Pasteur.  The  aiJvantuges,  acconling  to  hiti  statement,  rn-e  that  this 
method  (1)  is  effective  in  one  day,  and  need  not  be  repeated;  (2)  confers 
probably  a  more  lasting  protection,  as  a  stronger  dose  and  more  activQ 
cultures  are  used  than  is  thu  ca»e  with  Pasteur's  vaccin  ;  (.'))  protects 
from  infection  by  way  of  the  intestinal  tract ;  and  (4)  can  bv  used  for 
curative  purposes.  The  number  of  animals  thus  treated  (March  191)4) 
was  about  7.5,000  in  Kurf>|}ti  and  South  America,  with  nine  deaths 
attributable  to  the  inoculation. 

The  officftcy  of  anthrax  serum  cannot  be  tested  in  the  same  way  or 
with  the  same  exactitude  as  antitoxic  serums.  Iteooursc  must  W  had  to 
4Uiiraal  experiment — intravenous  injection  of  1-6  c.c.  of  the  aonim  inNi 
aix  rabbits,  and  aubcutaueoua  inoculation  shortly  after  of  virulent  anthrax 
culture  in  known  small  amounts.  Survival  of  one-half  of  the  animuU  and 
prolongation  of  life  of  the  rcntaindcr  for  a  longer  period  than  that  uf  the 
control  animals,  would  point  to  a  serum  of  high  protective  power. 

The  most  contradictory  views  have  l>cen  expressed  as  to  the  way  in 
which  the  serum  acta.  Motchnikoff,  ]^latx:houx,  and  others  attribute  the 
immunity  produced  to  phagocytosis,  the  action  of  which,  however,  is 
dejiendeut  on  the  degree  of  virulence  of  the  bacilli.  Sclavo  considers 
that  the  luictcricidal  substances  present  in  the  serum  are  of  leas 
importance  than  the  effect  upon  the  phagocytefe  themselves,  the  aorum 
promoting  the  phagocytosis  of  the  bacilli  (stimulins).  On  thu  other  hand, 
the  researches  of  Sir  A.  E.  Wright  and  Capt.  Douglas  on  the  opsonic 
power  of  human  serum  toiv:irds  the  anthrax  bacillus  shew  that  under 
the  influence  of  normjil  serum  the  phagocytes  englnbe  the  Kocilli,  but 
that  this  effect  is  not  produced  if  the  serum  be  lirst  heated  to  55"^  C 
for  half  an  hour.  It  is  possible,  therefore,  that  this  opsonic  |>ower 
imiy  be  raised  by  the  high  opsonic  cotitent  of  the  serum.  Kecently 
Ola*,  using  the  white  blood-corpusclefi  of   a  guinea-pig  and  adopting 
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tlie  aetbods  of  Sir  A.  E.  Wright  and  Capt  Douglas,  fonod  that 
tnihitx  hadUt,  Mmsitifiod  by  the  action  of  inactivated  anthrax  immune 
leniB^  were  onglobed  by  phagocytes,  phagocytosis  commencing  in 
Id  niuntos  und  heing  complete  in  from  1  to  3  hours.  The  aucces- 
^  itages  of  the  phcnnmonnn  arc  illnstnttcd  in  his  paper.  When 
pfafBiolopcal  salt  solution  was  used  insR^ad  of  the  inactivated  scrum  only 
ft  InUe  traction  took  place,  as  tx-curred  also  when  the  white  corpuscles 
Win  Bcusitisod  by  the  inactivated  scnim,  wa&hcd  from  adhering  serum, 
ud  coixcd  with  an  emulsion  of  tmsensitised  anthrax  bacilli.  Cler 
omubdera,  therefore,  that  the  anthrax  scrum  contains  an  antibiKly 
\ifAima  tengxhiiisairkt)  which  links  the  alexin  to  the  bacillus,  further- 
iof;  positire  chemiotaxis.  Soberiilit-ini  (4o),  while  recognising  that 
taetenciflat  action  of  the  anthrax  aennu  \va&  not  been  certaiidy 
pnjred  either  within  or  without  the  body,  inclines  strongly  to  the 
WW  il»t  the  artificially  acquired  immunity  is  to  be  referred  to  bacteri- 
cida]  iafluenccs^  inasmuch  aa  anthi-ax  infection  is  mainly  scpticaDmic 
Anijinix  serum  and  tiormal  scrum  of  the  same  species  of  animal  shew  no 
•btiitrnce  in  their  action  on  anthrax  bacilli  in  n7n^  nor  is  apparent  change 
Wi^hi  abnnt  in  theii*  morphological  ap^xfarance.  Anthrax  bacilli,  he 
na  can  bo  shewn  to  be  present  micfoscopically  and  by  culture  in  the 
vTUfiuion  several  days  after  inoculation  of  sheep  which  have  been 
sumiuiisod   to  such  a  degree  as  to  survive  cnonnoua  doses  of  virulent 

Although    the    anthrax  -  poison    is    not    comparable   ^vith   that   of 

(iif>ht(icria  or  tetanus  (no  tvixin  liaving  yet  ))een  obtained  from  filtered 

fttltorcs,  injection  of  which  produces  the  specific  effects  of  the  disease), 

the  niantfeatationa  of  anthrax  in  the  human  l>ody  undoubtedly  suggest 

}>^x]uction  of  a  toxin   of  some  sortv     The   local   necrosis,   with   exces- 

■m.  leucocytosis  around  the  oedema,  the   effects  extending  to  distant 

mgim^  the  constituiional  symptoms,  and  the  poverty  of  the  blowl  in 

(«cilU   until   immediately  l>efi>re  death,  are  inconsistent  with  the  view 

Uui   Uie  symptoms  are  due   to  the  miiUi plication  of  the  bacilli  apart 

(nam   toxic  production.     The  accounts  of  rapiil  improvement  following 

injection  of  flenim  in  the  hunum  subject  in   many  cases   would  be 

easily  explained  on  the  supposition  of  the  presence  of  antitoxic 

tanoeB.     It  is  on  this  account  that  Mendez  describes  his  scrum  as 


"ftntlinuc  antitoxin." 

Preventive  Measures. — RegiUations  under  section  7[)  of  the  Factory 
■nd  Workcihup  Act,  1901,  now  apply  in  premises  where  the  sorting 
tad  combing  of  specially  dangerous  classes  of  wool  are  carried  on 
(Van  mohair,  mohair,  so-called  Persian,  alpaca,  Cashmere,  and  camel 
hair).  The  main  safe^iard  roipurod  is  localised  exhaust  ventilation  in  a 
downvmrd  direction  by  means  of  a  fan  at  the  ^KM'foratod  tallies  un  which 
opntiin^  of  the  bales  and  sorting  nf  the  wool  are  done.  I'lxhaust  vcntila- 
tioa  nost  be  applicil  also  in  connexion  with  ihist-extracting  appaiatiis. 
Other  neoeeeary  pmvisions  are: — (1)  the  burning  of  the  dust  so  col- 
lected ;    (3)  washing   accommodation,  cloak-room,  and  meal-room  ;   (3) 
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exclusion  of  persons  with  uncovered  cuts  or  sores;  (4)  requisites  (ur 
trejiting  scnilclies,  etc ;  (5)  clejinlinesa  of  work-rooms  and  destmction  or 
disinfection  of  clippings  of  dead  skin  j  and  (G)  exhibition  of  a  notice 
describing  the  symptoms  and  {winting  out  the  necessity  for  prompt 
treatment.  In  warehouses  and  tan  yards  where  dry  hides  and  skins  im- 
ported from  China  and  the  West  Coast  of  India  are  manipuUtod  pro- 
visions (2)  to  (6)  apply  in  modified  form.  It  would  he  well  were  the^ 
adopted  in  all  premises  where  wools,  hairs,  hides,  honia,  etc.  of  foreigo 
origin  arrive. 

Disinfection  of  dangerous  wool  hy  steam  has  been  considered  im^ 
practicable  hitherto,  and  certainly  high  pressures,  such  as  are  comraonltr 
used  in  disinfecting  apparatus  in  tliis  country,  would  damage  the  material 
for  manufacturing  (mrpoaes,  except,  perhaps,  in  the  case  of  Pci-sian  wool, 
which  is  of  a  brown  colour.  No  doubt  the  immense  quantity  of  wool 
to  be  dealt  with  has  so  far  preventiid  thorough  inquiry  on  this  point, 
although  in  the  melange  printing  pixicesa,  in  order  to  obtjiin  certain  f  ffect«, 
mohair  is  submitted  to  steam  at  5  lbs.  pressure  for  twelve  hours  without 
detriment.  Immersion  of  suspected  material  in  water  at  a  temperature 
of  210 "  F.  would  greatly  dimiiush  the  risk  in  subsequent  pi-ocentHM. 

After  thorough  investigation  in  the  Imperial  Ilealih  Office  of  Berlin, 
disinfection  by  steam,  under  prescribed  conditions,  or  simple  boiling,  has 
been  accepted  as  piiit.'ticiiV>le  in  the  CJise  of  horac-hair  and  bristles  (excciit 
when  white  or  lighi-groy  in  colour).  If,  in  a»ldilion,  ovuralls  and 
gloves  arc  worn  by  those  who  prepare  the  hair  for  disinfection,  rifik  is 
very  slight.  Success  with  ste^im  disinfection  is,  however,  only  to  bo 
secured  by  minute  care  in  detjul^-construction  and  regulation  of  the 
apparatus  so  that  the  current  saturated  ste^un  in  contact  with  the 
material  is  maintfiincd  under  a  prcsRuro  of  115  atmospheres  (17  lbs,), 
equivalent  to  ii  tomperature  of  1 00'  C.  (l**JO''  F.),  for  one  h-'tlf  liour. 

Chemical  disinfectants  have  not  as  yet  l>een  applied  successfully  in 
the  industrial  use  of  wool,  horse-hair,  or  hides  and  skins.  There  is  no 
legal  {lower  to  j)revent  importation  of  infected  material,  and  from  the 
Persian  Oidf  much  wool  is  received  in  what  is  known  aa  a  "  false-packed  " 
condition,  i.e.  containing  inferior  and  dangerous  material  cuncejkle<l  in 
the  fleeces.  Manufacturers  would  wish  to  have  pressure  brought  tu  bear 
on  the  consignees  of  material  at  the  place  of  shipment,  so  as  tu  cumpel 
them  to  keep  separate  the  inferior  and  "fallen  fleeces"  from  the  sound. 
A  still  more  elFective  pressure  would  be  refusal  on  the  part  of  the 
manufacturers  to  purchase  wool  from  shipping  agents  in  ports  where 
"false  packing"  is  practise^!. 

Probably  ineluBion  of  anthrax  as  one  of  the  induBtrial  diseases  to 
which  the  Workmen's  Compensation  Act  applies,  will  hy«l  to  greater 
care  in  buying,  and  stimulate  inquiry  as  to  more  effectual  procAutions 
than  are  now  taken. 

In  view  of  the  greatly  inereaeed  mortality  in  eases  in  which  treatment 
is  delayed,  active  steps  shoidd  be  taken  to  report  illness,  whatever  may 
be  its  nature,  among  persons  who  have  been  exposed  to  possible  anthrax 
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ioB :  further,  the  patient  should  bu  visited  by  a  medical  man 
epedaliyAppointerl  for  this  work,  who  should,  except  when  anthrax  can  be 
potitively  «xcluded,  recommend  or  give  a  full  dose  of  auiiunthrax  serum. 
The  ease  with  which  nmterial  for  biictL'riohjgLcal  diagnosis  can  be 
obuined  without  opening  the  l>ody  in  suspected  caaca  of  death  from 
uUhnx,  appears  to  us  to  make  it  unnecessary  now  to  carry  out  a  full 
(umioaUon  of  the  viscera  in  all  cases,  utileRS  means  are  taken  to 
Adriliso  the  blood  and  so  forth  before  thej'  enter  the  drain. 

John  Henky  Bkll. 
Thomas  M.  Lkgge. 
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INFECTn'n   DISEASES   OF   CHRONIC   COURSE 
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By  SlDNXT  Maktik,  M.D.»  F.a.C.P.,  F.R.S.     Ruviaed  by  W.  Ckcil  BosAWgiriCT, 
ALA.,  M.D.,  F.RC.F. 

TUBXRCUHiOSis  is  an  infective  disciisc,  piYHliiced  by  the  BnciUu.<  tuher- 
cuitttii.  It  occurs  lu  u  natural  <liscase  in  htiman  heingR,  in  some  ol 
the  domesLtCJitod  iininials,  and  in  nuuiy  wild  animaU  when  kept  in 
captivnty.  A  fonn  of  the  discnst;  is  met  with  even  in  cold-blooded 
aniniids  (fish,  bltndworm,  turtle).  TulRTculusis  is  widely  prevalent 
in  the  human  race  and  in  cattle.  One-seventh  uf  mankind  arc  miid  lo 
die  of  tnl>fircnlosis,  but  in  thia  country  the  proportion  is  not  now  bo 
high.  Thus,  during  the  decade  18Dl'-1900,  of  a  totid  of  5,575,375 
deathn  thi-oughout  Kngland  and  Waleti,  616,006  were  due  to  tiil>ercutosi9 
— almost  exactly  I  in  9  ;  while  for  the  previous  decade  the  figures  wero 
5.241,771  and  589,390  resptwtively,  a  ratio  of  1  in  8-7.  The  mortality 
frfim  tul)ercuI(>Hirt  has  declined  greatly  <Iuring  the  la«t  half-century,  and 
still  exhibitfi  a  ateady  docroaflc.  [For  further  details  see  Vol,  I.  \\  48.] 
The  prevalence  in  cattle  may  be  stated  as  varying  from  10  lo  20  per 
cent  <if  all  cows. 

Bacillus  Tuberculosis  (Koch,  18S2). — In  natui-e,  so  far  as  is  known, 
the  bacillus  which  is  the  cause  of  tuberculosis  grows  only  in  the  IkmIioa 
of  animaU  affect^  by  the  disease.  Outside  the  body  it  can  l>e  cultivatc<l 
in  s[>ecially  iiroparcd  nxedia,  but  it  does  not  occur  naturally  in  any 
pariicidar  soil  or  medium.  It  consists  of  slender  rods,  varying  in  IcngtJi 
i>etween  15  and  3*5 ;i.  They  are  often  bent,  and  when  long  m»y 
present  a  beaded  appearar»c«.  This  bewletl  api)earanc«  is  due  lo  the 
presence  of  clear  areas  in  the  rod,  which  wore  at  first  considered  by 
Koch  to  be  sjxjres.  There  is,  however,  no  eWdence  thai  the  baciUns 
forms  spores ;  and  it  is  iniprolxible  that  it  does  wi.  In  certwin  circum- 
stances the  Willi  may  grow  into  much  longer  threads  which  exhibit 
tnie  branching.  The  org»riism  is  therefore  to  be  regarded  botanicalty 
us  a  sti-cplothrix  (see  p.  302).  Irregular  involution-forms  also  occur. 
CertAin  oval  bodies,  known  as  Schron'a  capsules  or  Comet's  sporeo, 
which  are  found  iti  chronic  caseous  foci,  appear  to  represent  degenerated 
bacilli. 
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Itmetion  to  StatM. — The  bacillus  Iwhaves  in  u  characteristic  manner 

10  iDine  of  the  utiilino  dyes.     It  Uikes  up  the  stain  of  fuchsia  and  of 

pntiaii  Ttoltii   when  these  are  dissolved  in  an  alkaline  li(jiiid,  or  in  une 

rtottining  curbolic  acid  or  aniline ;  and  the  colour  is  not  removed  by 

miMnl  acidfl  up  to   25   per  cent  8tren<^th  or   by  alcohol.     The  most 

tnovenii^nt  method  of  staining  tubercle  bacilli,  whether  in  the  sputum  or 

uiUisiies,  is  to  use   a  solution  of  fuchsin  dissolved  in  carbolic  acid,  as 

f.j!ioir«: — Fuchsin    I    gramme,    alcohol    10   c.c,   5   \mr   cent  solution    of 

oriiolic  arid  up  to  lOO  c.c.      A   ]>r(!|>anition  of  sputum   may  )>e  tiUiined 

ffir  livo  minutes  to  a  tpiarter  of  an  hour  in  this  solution,  wliich  is  uaiTued 

till  the  steam   rises,  iuul   is  then  placed  in  a  25  |)er  cent  solution  of 

stiJ|)lnirie  Acid   until  it  is  decolorised.     As  a  rule  this  takes  a  minute  or 

t»ci,  biit  no  harm  cornea  to  the  prepai*ation  if  it  be  left  a  quarter  of  an  hour 

inlbiiacid.      It  is  then  woU  wa.she<l   in   distilled  water,  to  get  ri<l  of  the 

ocen  of  acid,  und  as  a  nde  it  Uikan  on  a  faint  pink  tinge.      It  mu.^tt  now 

k  coonter  stained,  preferably  by  a  dilute  solution  (1   to  2  per  cent)  of 

nrtfcvlene  blue.     Half  to  one  minute   is   sufficient   for   this,  and  after 

»i*htng  in  water,  the  preparation  is  ready  to  be  mounted.     For  sections 

ti  timies   it   is  best  to  stain  for  fifteen  minutes  in  the  wanii  fuchsin 

niadott,  after  sticking  the  prejMinition  on  tlie  cover-gl»s8  or  slide.      After 

nunt«r-9Uuning  i^*ith  mtitliylene  bine  the  section  \»  to  Ikj  dried  with  fine 

filer* |*per,    washed    rapidly    with    alcohol,    clarified    with    xylol,    and 

onunced    in    .xylul-halsam.      By    this    method    the    tubercle    }>acilli    are 

ttiiiwd  red,  most  other  organisms  which  may  be  present  being  decolorised 

hj  the  acid.     These,  as  well  as  the  ground-tissue  and  cells,  are  stained 

bine  hy  the  methylene  blue.      It  is  now  known  that  the  stitiuing  reaction 

fonncrly    regarded  as  chiuTLcteristic  of  the  II.  tuberotiosi-i  is  iwinife^iteil, 

ffliire  or  less  exactly,  by  a  considerable  numlx^r  of  organisms.     Of  those 

ti)d  motft  important  arc  (1)  the  lepnwy  Iwuiilus;  (2)  the  smegma  bacillus, 

rhich  occurs  ou  the  external  genitals  ;  and  (3)  bacilli  which  gi-ow  sapro- 

pbyticaUy  on  various  grasses  {Timothy  bacillus,  grass  bacillus),  a?id  othere 

»hich  are  found  in  milk,  in   huttor,  and  in  the  dung  of  cattle.     Certain 

forms   of    streptotbrix,    tound   in   rare    jiathological    conditions,   are    also 

"acid-fast''  (saurefe-st).     Indeed,  rfome  thirty  different  orpanisms,  all  of 

vhieh  behave  like  the  tulicrcle  bacillus  in  regard   to  anibne    dyes,  have 

been  desicribed  by  various  WTitei-s  (Abbott  and  Oildersleove). 

Gentian  violet  may  l>e  used  as  a  stJiin  for  the  tubercle  bacillus,  the 
ipMimon  Inriug  fixed  with  iodine  solution  and  rlocolorisdl  with  alcohol 
(Gnun's  method) ;  biamiirck -brown,  cosin,  or  vesuvin  may  be  usetl  as  a 
«Mmf*'r-!«(ain.  This  methotl  gives  very  gixnl  results;  but  the  other 
(Kl        '       -icthod)  is  mure  generally  servicejible. 

-;rt  of  tbr,  Jiudllus. — The  Ilanllm  tufurcttlaais  grows  best  at  the 
lemperature  of  the  body.  At  low  and  high  temperatures  itA  growth  is 
impwiod  or  compIct«ly  stopped.  The  range  of  temperature  at  which  it 
win  grow  is  between  28"  and  -ia"  C.  It  may  be  artificially  cultivatetl  by 
Usih;;  various  media.  Solidified  blood-serum  is  the  best  for  obtaining 
tkb  lucilluft  from  the  tissues,  and   was  the  one  used  by  Koch  in  bis 
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6rst  resoarch.  When  the  surfiicc  of  the  solidified  blood -m 
inoculated  with  jiiire  tuliei-culous  material,  and  the  tubes  are  ke|'>t> 
at  a  UtnifierHturu  of  38"  C,  no  growth  ajipeurs  oh  a  nilc  durinjf  tb^ 
first  week,  but  uft^ir  7  to  10  days  white  specks  are  seen  on  the  surface  otf 
the  serum,  whicli  aj)[>ear  as  dry  flakes  under  the  microseope.  Th*5 
growth  extends  in  a  circular  manner  fmm  these  foci ;  and  the  oMc^* 
growths,  while  still  remaining  dry,  become  crinkled  and  folded,  presenting 
a  very  characteristic  appearances  The  growth  is  very  slow,  and  it  majT' 
l>u  weeks  lM;f<}re  it  covers  a  large  area  of  surface. 

The  Willus  may  also  be  grown  ou  other  solid  mediii,  such  an  blood- 
serum  contairu'ng  'gelatin,  or  peptone-agar  containing  4  to  8  [wr  cent 
glycerin.     On  pt^ptone-agar  without  glycerin  the  Ijacillus  does  not  groi 
Glycerin  not  only  aids  the  growth  in  solid  media,  but,  in  the  i)ercentiig« 
mentionei),  stimulates    the    bacillus    to    grow   in    li(|uid    media,   such 
peptone  -  bouillon.      It  can  also  bo  grown    on   potato  in  sealed    tubes 
(Pawlowsky).     Grown   on   solid  media  the    bacillus   is  apt  to  lose  iU 
virulence.     In  liquid  media   containing   glycerin  the  virulence  may  bo 
maintained  somewhat  longer. 

The  action  of  direct  sunlight  is  fatal  to  the  bacillus.  This  was  firsl 
shewn  by  Ko(-h,  and  has  Ix^cu  i-ontirmMi  by  subsetjuotit  obecrvations. 
Oxygen  is  necessary  for  the  growth  of  the  bacillus. 

Aifglutbuition. — Tubercle  bacilli  are  agglutinated  into  clumps  by  the 
action  of  eenun  taken  from  a  |>alient  suffering  from  tuberculosis.  This 
reaction,  however,  is  not  invariable,  au<l  may  be  exhibited  at  times  with 
serum  taken  from  healthy  persons. 

tjhcuiiail  Proflitrts. — But  little  is  known  of  the  chemical  lK)diea  whil 
are  produced  by  the  UadHns  tiihcrmloai^  in  its  growth.  Koch  separated 
a  substance  called  "tuberculin,"  which  has  a  specific  action.  It  is 
prepared  by  growing  the  bacilli  for  six  to  eight  weeks  in  a  slightly  alkaline 
vflftl-broth,  containing  1  per  cent  of  peptone  and  4  to  *>  l>er  cent  of 
glycerin.  After  cultivation  the  liquid  is  evaporated  to  a  tenth  of  its 
bulk  and  filtered  through  jjorcelain  ;  this  filtrate  is  the  liquid  which  is 
called  tuberculin,  or  "old  tuberculin,"  to  distinguish  it  from  more  recent 
preparations  similarly  named ;  it  contains  40  to  oO  per  cent  of  glycerin, 
whicli  keeps  it  jiseptic.  By  abiding  alcohol  the  active  principle  is  pre- 
cipilateil  in  an  impure  state.  This  differs  from  most  other  bacterial 
products  in  resisting  a  high  temperature,  even  the  Iwiling-point  of  water. 
The  sjjecific  action  of  tuberculin  is  shown  by  its  producing  a  great 
rise  of  temiieratine  in  men  and  animals  infected  with  tuberculosis, 
while  similar  small  iloses  injected  into  healthy  indindiuls  produce  no 
rise  of  temperature.  The  fever  ensues  from  6  to  12  hours  after  the 
injection,  and  lasts  a  s'aryiag  time — in  some  cases  24  hours,  in  others  48, 
or  even  longer.  I^rge  doses  may  produce  in  a  tuberculous  individual 
or  animal  great  bodily  ilcpresfion,  leading  to  collajwe.  Dr.  W.  Hunter 
shewed  that  tuberculin  contained  albumoses,  which  are  probably  the 
cause  of  the  febrile  symptoms.  The  essential  toxin  is  probably  not  of 
a   proteid  nature,  aa  it  appears  to  be   formed   in    non-proteid   m( 
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tad  resists    a    temperature   at   whicli    most    albuminou^    bodies    nro 
MgobtotL 

Of  the  chemical  products  to  which  the  IsiciUus  gives  rise  in  the  body 
practically  nothing  is  known.  There  may  Iw  a  Hiil)Htance  or  auhstinoes 
earning  cA»eation,  and  there  niust  bo  a  chemical  body  whieli  pi-odnces 
thf  f«vor.  These,  however,  have  not  been  satisfactorily  isolated. 
IViKlden  and  others  found  that,  when  injected  into  an  animal,  the  dead 
bacilli  pn)ducetl  local  inMammalion  and  hy[>eriila.sia,  which  ended  in 
fiNroflds  without  further  spread  of  the  diijease.  Api«irently  the  denti 
Ucillt  contain  within  them  |x>isonous  tnatenals  (intracellular  toxins) 
ifl^ble  of  exciting  inHanimation^  whereas  they  are  necessarily  incapable 
of  multiplication  within  the  body.  Drs.  Bulloch  and  Macleod  foiind 
lluit  the  bacilli  contained  a  fatty  sul>staiice,  and  also  a  foiTn  of  wax, 
tlttf  latter  being  responsible  for  the  |)eculiar  staining  properties  of  the 
ofpuiism.  The  fat  is  said  to  be  toxic  <ScialIero).  Ethereal  extract*  of 
tic  bacilli  exert  a  necrotic  action,  whereas  chloroform  extracts  lead  to 
fibrom:  CO  the  former  Audair  as.si]u:ns  the  property  of  causing  pidnionary 
eottnljdation,  while  Armand-Delillo  ha*  shewn  that  it  can  produce  ch;u*- 
Ktetiitic  grantdoniaa.  On  the  other  hand,  the  bodies  of  the  bacilli,  when 
deprimi  of  fat,  are  still  toxic  (Cantaciizene). 

Koch's  "new  tul>erculin  "  (TR)  is  prepared  by  grinding  up  cidtures  of 
U»liKiUi  with  distiHiHl  water.  The  fii'st  quantity  of  the  resulting  Muid 
ii^tea&ted  and  constitutes  '*oberer  tuberculin  "  (TO).  Fresh  amounts  of 
»it«r  are  added  and  the  trituration  repeated  until  no  solid  residue 
muina,  this  solution  of  the  organisms  constituting  the  new  tul>ercii}in. 

Avian  Tuberculosis. — Tuberculosis  is  found  as  a  natural  disease  in 
fe»i«,  [pheasants,  pigeons,  turkeys,  jMjjicocks,  ancJ  other  birds  which  are 
Mpt  in  captivity.  The  1>acilluB,  which  has  been  se|>arated  from  the 
iMioDs  produced,  differs  in  some  respects  from  that  found  in  cattle  and  in 
^■tun  beings.  It  is  stained  in  the  same  manner  by  fuchsin,  and  may  l>o 
pQvn  in  ibo  same  media  as  the  hiunan  an<l  iMivitm  strains  of  the  Biicilhis, 
k^emtlosis  ;  but  it  differs  in  that  it  is  more  vigorous  and  resistant. 

This  bacillus  grows  Inxuriantly  at  a  temperature  of  43"  C,  at  which 

ikt  humnn  and  bovine  Hnnllas  iulteraiUmg  will    not  grow  —  a   feature 

fiorrespoiKHng  apparently   with   the  much   higher   body -temperature   of 

lirdi     The  appejirance  of  the  cultures  is  nlsu  difTerent ;  instead  of  being 

ilry  and   crinkled   they  are   moist  and   soft.     The  results  of  inoculation 

aIm  iJifTer :    in  guinea-pigs  and   rabbits   the  inoculation   of   the   human 

hacUlos   produces  a  spreatiing  disease,   which   eventually  invades  most 

of  the  organa  of  the  body,  whereas  the  iKicillns  of  avian  tuberculosis 

fimduce*  in  the  guinea-pig  a  local  disease   which   does   not  spread   to 

the  internal  organs.      Dogs  are  imnuuie  to  avi.in  ttdjerculosis,  but   they 

bo  infected  by  large  doses  of  human  and  bovine  bacilli  ;  on  the  other 

the  hen  usually  cannot  be  infected  with  human  or  with  bovine 

tobemilosis.    Although  from  these  statements  it  wmdd  ap]>car  thnt  avian 

labereulosis  is  not  the  same  rlist^se  as  bovine  or  huinati  tuberctdosis,  y*'t 

tbtftt  are  some  facts  which  shew  that  it  is  a  modified  form  of  that 
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disease.  Tbi^  it  hits  hean  shewn  that  inoculation  of  }mnmit  tiilierculo^is 
into  fowls  somctimeA  Bucceedi*,  and  when  it  does,  rcinoculation  ia  aXf-o 
succetisful.  lDsUi)ce8  of  infection  of  hens  resulting  from  the  ingestion  of 
hunum  sputum  are  iilso  recorded.  Moreover,  when  a  slight  losion  i* 
produced  in  giiineapigs  by  the  inoculation  of  aviiin  tuberculous  materials 
the  transmission  from  guinea -pig  to  guinea  -  pig  results  iu  the  cb»r' 
ftcteristic  spreading  disease  which  is  observed  after  the  inoculation  oi 
human  tuberculosis  (Noc^ird).  Thift,  perhaps,  is  oven  more  evident  io 
rjibhils  than  in  giiinL';i-pig«. 

Bovine   and    Human    Tuberculosis. — Much   controversy   has    rHgetfl 
round  the  question  of  the  identity  or  diversity  of  the  organisms  whict* 
produce  disease  in   mankind   and  in   Vwvine  animals   respectively,  sino^ 
Koch's  pronouncement  (1901)  that  human  tuberculosis  cannot  l>e  trans- 
mitted to  c^ittle  and  that  Iki^iuo  disease  is  not  dangeious  to  man.     Thf9 
bacilli  sepanitod  from  tuberculous  lesions  in  man,  in  C4>wh  and   pigs,  anil- 
in  all  other  <]omesticatcd  animals  except  birds,  arc  practically  indistinguish'- 
ahle.     They  have  the  same  appesiranco  microscopically;  they  react  in  a- 
similar  immner  to  sbiiris  ;  in  artificial  cultivation  they  grow  in  a  similir 
manner,  and  when  inoculated  into  animals  the  disease  produce<l  is  in  a.U 
cases  alike  both  anatomically  and  in  its  mode  of  distribution.     There  are 
indeefl  some  differences  in  the  manner  in   which  tuberculngis  affects  the 
human   being  and   affects   the   cow;  but  no  absolute  distinctioti  exista. 
Thus  in  cattle  the  liacilli  lire  found  present  in  closely  packed  ma&scs,  atid 
tuberculosis    of    serous    merabnines    as.sume8    the    pectdiar    shape    of 
peduncnl:ite<l  nodule.'*  ("  gmpes  ").     Similar   formations  are   occasionally 
met  with  in  mankind  (Besse,  MacCalltim) ;  while  in  chiMren  masses  of 
bacilli,  resembling  those  seen  in  l)ovino  tubercle,  may  sometimes  be  found  in 
tuljercuk)U8  lesions,     Ii  luis  now  been  pi-oveil  by  the  experiments  of  many 
observers  that  cattle  car  be  infected  with  Itacilli  derived  from  human 
Bputiun.     The  converse  experiment  of   inoculating  human  beings   with 
bovine  tul>crcle  ciuinot  bo  legitimately  tned,  but  instances  of  accidental 
inoculation  in  veterinary  surgeons  and  butchers  are  not  very  rare,  and 
some  writers  maintain  that  tul^rculosis  in  infants  and  3'oung  children  is 
mainly  due  to  infection  derived  from  milk  (Behring,  Raw). 

On  the  whole  it  seems  prolxible  that  all  forms  of  iut>erculo6is,  in  man 
and  animaU,  are  pro<Juccd  by  the  same  organism,  modified  by  the  $[>ecial 
environment  in  which  it  exists  in  different  hosts.  All  pathogenetic 
varieties  give  rise  to  the  same  product,  tuberculin,  and  inoculation  with  on/^ 
fonn  upptmrs  t«  confer  some  degree  of  immunity  against  the  others.  The 
relatiunshif)  l>etween  the  jKithogenotic  form  and  the  other  acid  -  f;wt 
bacilli  is  uncertJiin,  but  is  probably  close.  The  latter  may  be  provisionally 
reganled  liS  different  sfwciea  of  the  same  geniLS  whereas  the  different 
pfttbogenotic  orj'anisms  seem  to  be  varietirs  of  the  same  species. 

Lesions  produced  by  the  Bacillus  Tuberculosis.  —  Wherever  the 
hncUius  hihncuim.-i  grows  in  tlni  uniniid  body  it  produces  a  lesion  which 
has  certain  definite  characteristics;  and  it  is  ncceas;iry  to  study  this 
lesion  before  we  consider  the  distribution  of  the  diseflse  in  individual 


owii  or  its  mode  of  extension.  The  IcRinn  connists  of  small  whitish 
ftodilio^  which  may  bo  more  or  less  numerous,  ami  by  their  aggregution 
CMf  fomi  large  ma^es.  Each  of  the  amall  primary  lesions  ia  called  a 
gnuitifcima  or  a  miliary  tul>ercle.  Either  singly  or  fused  into  masses 
liter  UD'iergo  retrogressive  changes  by  which  their  original  stnicture  is 
tonpIeUity  lost;  the  chief  of  these  if)  caseation,  fatty  degeneration  or 
ntmsii  of  the  cells  forming  the  tubercle.  The  cascal^d  matter  may 
nftrn  iukI  l)e  discharged,  or  it  may  calcify.  The  second  change  which 
OQCon  in  the  tubercle  ia  fibrnsia ;  it  is  fref|uently  associated  with 
pgiUDtilion.  The  primary  lesion,  the  grey  granuloma,  is  composed  of 
(dkftnd  throughout  its  whole  extent  is  non-vascular — a  point  of  some 
isportAOce  in  the  explanation  of  the  degenerative  changes  which  occur. 

U\etfif>^ncal  AypniiranreA. — According  lo  the  size  of  the  cells  which 
nimpnse  the  grey  granuloma,  a  smftU-celled  and  a  large-celled  tuberculous 
Dodsle  may  be  distiiiguishe<l.     The  amall-celled  gninuloma  consist's  of 
noDoaudeftr  cells,  derived  from  the  leucocj'tos  of  the  blood  and   lymph. 
Tfct  brge-called   tubercle  consists   in   the  main  of  so-adled   epithelioid 
«M»— wils  which   have  a  definite  outline,   are   roughly  ovoid,  and  are 
flfttt  compressed.      These  cells,   especially   in   the   early  stages  of  the 
fonintion  n(  the  tuberculous  nodule,  frequently  shew  the  phenomenon  of 
hryokincKis,  tliat  is,  a  division  of  their  nucleus  with  a  star-shapeti  figure 
M  mch  end.     This  cliaugo  is  also  observed  in  the  endothelial  cells  of  the 
WoodTMsels.     Giant  colls  are  present   both    in    small-celled   and   large- 
cstteil  tubercle ;  they  vary  in  aize,  and  present  the  common  charact eristic 
ol  a  lirge  niimlier  of  nuclei  at  the  periphery.     The  nuclei  are  oval,  and 
™ully  are  not  distributed  evenly  round   the  jxsriphery  of  the  cell.     In 
IMM  cues  they  are  collecte^l  to  one  side,  and  they  arc  not  infrequently 
^Kwadeep.     Between  the  epithelioid  cells  there  is  sometimes  a  fine 
''ticuimn,  as  in  lymphoid  tissue,  and  there  is  a  serous  or  fibrinous  exuda- 
tioo  from  th«  bloo<I- vessels.     The  numlwr  of  small  cells  present  in  the 
t«t)wcuIoi»B  nodule  varies ;  and,  according  to  Baumgiirten,  the  migration 
<tftincocyte9  occurs  earliest  when  there  has  been  an  injtu'y  to  the  tissue. 
Tbpy  collect  round  the  peri|(hery  of  the  tulwrcle.     Baumgarten  oonsidera 
M  his  opinion  has  been  accepted  by  most  pathologists,  including  the 
GfTQian  !>chool)    that    the    first    change    in    the   formation  of    the    grey 
^nuloma  ia  the  prolifenition  nf  the  fixed  tiAsue-celU,  to  fomi  the  so- 
Oilled  epithelioid  cells ;  and  that  the  mignition  of  leucocytes  is  a  snb- 
adijuii'  phenomenon,  occurring  at  a  later  period.      7'his  view  is  combated 
hy  .XfetcbnikofT,  who  considers  that  the  tuberculous  no<iule  "  is  comjiosed 
of  a  collection  of  phagocytes,  raesodermic  in  origin,  which  move  towards 
ihe  ?pot  where  the  bacilli  are  situated,  and  englobe  them."     Thus,  in  the 
liver,  if  the  lul>erculotis  no«lulc  be  examined  shortly  after  its  fommtion 
in  ezperimentJil  lul^ercolosis,  it  is  found   that  the  epithelioid  and  giant- 
celts  are  formed   by  the  large  mononuclear  leucocytes  and  cells  derived 
from  the  vaecuhkr  endothelium,  and  that  the  hepatic  cells  take  no  \vkvt  in 
tb«  formaiion  of  the  tubercle.      He  makes   a   similar    statement  with 
regard  to  the  lungs.     The  leucocytes  present  in  the  tuberculous  nodule 
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are  almost  all  mononiiclfinr.  PolymurphDiiiiflcar  leucocytea  j 
and  tjiko  into  ihnir  substance  tubercle  baeiiti,  but  they  booh  ilij 
ejtttin  by  the  mononuclear  phagocytes  (inacrophagee).  Thu»e  raucH 
can  (IcHtroy  the  tubercle  badlli. 

Retrogressive  Changes  of  tbe  Tuberculous  Lesion.~C'a.v<i/toil 
first  and  thief  rolrogi*e«(iive  change  which  occui-s  is  Ciiseation  ; ) 
tnlaMolu  is  a  noti-vuscular  collection  of  culls,  and  in  prone  to  unl 
similar  tubercles  in  the  ncighl>ourhuod,  thus  forming  a  largo  noii-^ 
mass,  deiith  of  the  iwrla  faithe&t  removed  from  the  blooil-vessel| 
be  likely  to  occur,  as  in  an  infarct,  where  the  hlood-anpply  to  a  j 
of  the  tissue  has  been  cut  oft'  by  blocking  of  the  artery  supplj 
It  JH,  however,  more  prolHibte  that  caseation  is  a  specific  action''' 
Biidllns  tuhercuiosis  itssolf  Api>arent1y  a  chemical  substance  is  4 
by  the  bacillus  which  kills  the  celh  ;  in  any  case  it  is  cerUiin  thai 
of  the  cells  oontitiiiitig  tubercle  laclili  die  and  become  conj 
degencratotl.  This  is  seen  even  in  very  small  miliary  graa| 
According  to  Baumgarten,  the  death  of  the  loucocytcs  occnrs  fii 
then  that  of  the  epithelioid  cells  ;  while  tbe  giant-cells  are  thems6 
a  state  of  defective  \Ttality,  so  that  they  do  not  undergo  divisi^ 
danghter-cells,  iis  the  presence  of  numerous  nuclei  in  their  su| 
would  suggest.  Tbe  central  parts  of  these  cells  often  die  first,  uiuj 
>»ecn  suggested  that  the  nuclei  take  up  a  position  at  the  j^ripl 
being  the  zone  where  nutriment  is  most  plentiful. 

Microscopical  examination  shewn  very  \'jirioU8  appearances.     I 
early  stages  of  the  dcjith  of  the  cell  the  protoplasm  l>e<omea  gramd 
futty,  and  finally  breaks  down  ;  the  nuclei  lose  their  oval  form,  b6| 
shrivelled  and  broken  up  into  irregidar  masses,  which  even  a  lop| 
after  the  coll  has  disappeared  tiike  up  the  stains  of  logwooil  and  mot 
blue.     Where  a  number  of  colls  of  the  tuliercle  bivo  undergone 
tion,  forming  a  mass  of  t>erbaps  a  (quarter  of  an  inch  in  diamtt 
structure  is  apparent  in  the  ceiiti-c  of  the  caseated  area ;  a  few 
stained  spots  represent^  perhaps,  the  remains  of  the  nuclei,  and  I 
granules    are   chiefly    fatty    matter.       Towartls    the    periphery 
caseated   juttch,   however,  nuclei   arc  seen,   Mhich   present  a   shs 
appearance,  and  are  1>cginning  to  break  up  into  small  |)articlea.     Jl{ 
the  caseated  area  the  api>earances  vary  according  to  the  stage' 
tuberculosis.       There    is    more    or   less    fibrosis,    with    infiltrati 
leuoocytea ;  and  there  may  be  outlying  tulkerculoua  nodules  whici 
sent  the  apfwarances   previously   described.      The  casoat^^d  nodti 
joining  together  produce  large  tuberculous  masses,  especially  in 
tuberculosis.     The  softening  of  the  caseated  matter,  and   its  ej 
through  the  bronchial  tubes,  may  result  in  the  formation  of  a 
the  lungs ;    a  similar  process  may  give  rise  to  an  ulcer  on  a 
membrane,  or  to  a  tuberculous  abscess  or  fistula  in  other  parts. 

CaUijifxition  is  a  retrograde  change  in  the  tulwrcle  which  occui 
caseation.  The  actual  deposition  of  the  phosphate  of  lime,  whicl 
chief  component  of  the  calcareous  matter,  has  been  attril)nted 
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btition  in  the  Htnouiit  of  cart>onic  acid  at  iho  s|)Ot  where  it  occiire. 
if  observed  in  old  tuberculous  lesiona  in  muti,  cjitile,  and  pigs,  Ijut  not 
in  gtui)«»-pi>;;s  or  in  rabbi U,  and  very  rarely  in  the  horse.  It  otcm-a, 
thereli>ri\  in  animals  in  which  tuhcroulosis  may  take  a  very  chruiiic 
wiirw.  It  is  ditHcult  to  9tat<.>  the  earliest  pcrifd  at  which  calcitication 
any  woiir,  but  in  experirnent^il  tuberculosis  in  the  pig  it  has  )>een  observed 
u  earlr  as  106  days  after  infection. 
^H  Microscopically,  calcareous  matter  is  scon  deposited  in  the  form  of 
^H^nnules  iu  the  cells.  It  its,  however^  not  infrequently  in  the  form  of  a 
^Hoodute,  which  by  treatment  with  licid  shews  concent.nc  rings,  as  in  a  renal 
^Fttlcilo^  ('Schiippel).  In  experimented  tuberculosis  in  the  Algerian  rat 
(irmofu.t;,  an  animal  which  is  very  refmctory  to  the  disejwe,  MetchnikoH' 
found  bodies  similar  to  those  described  by  Schiippel  as  occurring  in 
bonan  tubercidosis,  and  observed  their  mode  of  foi'mation  in  various 
ipBdmens.  They  are,  iti  short,  the  results  of  tlie  de;i;;eneration  of  the 
tuberde  bacillus  in  the  interior  of  the  giant-cell.  In  the  course  of  the 
di9M8^  which  is  extremely  slow  in  its  progress,  the  bacilli  1>ecome 
■nrrwuided  within  the  cell  by  concentric  layers  of  an  amorphous, 
folourless  substance,  which  eventually  becomes  impregnated  witli  phiM- 
I'luit*  of  lime.  The  concentric  membranes  are  not  affected  by  alkalis, 
«wl  do  not  give  a  red  colour  with  Millon's  reagent ;  but  they  are  dissolvetl 
by  concentrated  acids.  They  appeju-  to  be  composed  of  a  substance 
nmiUr  to  that  enveloping  the  tubercle  bacillus.  The  bacillus  inside  the 
cwcentric  layers  degenerates,  so  that  although  at  first  it  takes  the  slain 
of  iuchBin  or  gentian  violet,  in  the  later  stages  it  does  this  very  in)i>cr- 
fdcdy,  and  finally  not  at  all.  These  obaer\'ation8  ap[>car  to  shew  that 
thfteonwntric  bodies  are  really  part  of  the  products  of  the  light  between 
the  hwilhis  and  the  giant-coll. 

Calcification  is  one  of  the  modes  by  whicli   tubercle  heals,  as  the 

■Mipletely  calcified  lesion  is  no   longer   infective.      It  does   not   differ 

4WQtiaily  from  the  c^ilcifi edition  which  affects  foreign  1>odi(!s  (parasites) 

^jotb^  degenerated  tissue,  such  jis  atheromatous  arteries  or  old  uterine 

^^r  f^hrosi*  is  a  second  mode  of  healing  of  the  tuberculous  nodule,     ft 

^^BOrsat  the  periphery  of  the  nodule,  and  is  the  result  of  the  inflammation 

'    #rt  up  by   the  presence  of  the  grey  gnintdonia.     It  occurs  in  clnonic 

htberculosis,  and  is  very  evidtint  in  cai^ea  where  the  tissue  has  )>een  injured. 

ThitA,  in  the  local  lesion  following  the  injection  of  tuberculous  material 

under  the  skin,  fibrosis  is  extensively  pnxluce<l ;  also  in   }uirts  which  are 

«][po«ed  to  friction,  as  in  joints,  when  they  are  infected  by  tuberculosis. 

m^ittinJaikm  fre<^uently  accompanies  filtrosis,  and  is  due  to  hivmoglobin 

^Rlved  from   bloo<I-<.-orpU8cle8   which  have  escaped   from   the  congested 

^Hod-vessels.     It  may  occur  around  the  miliary  gi-anulomas,  when  these 

^Kie  been  surrounded  by  a  20ne  of  congestion.     Thus,  in  the  peritoneum 

^B  luDg  it  is  not  infrequently  olmerved  that  a  small  grey  grutniloma  is 

flffnoundcd  by  a  bluish  ring  of  pigtnent  and  by  fibmus  tissue. 

Le&ions  or  various   Parts  as  they  occur  in   Tuberculosis. — The 
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tul>erciiluiiH  lesion  haa  the  structure  jiist  deficnbed,  in  whatever  {art  oi 
tho  body  it  may  be  found ;  Init  the  appearances  vary  according  to  ibi 
arrangement  o{  the  primary  lesions,  to  the  degree  of  the  degenersliv 
changes  present,  and  also  to  the  presence  or  absence  of  coincident  no 
tuberculous  changes. 

The  Lump  atui  Pleura. — In  the  lungs  tuberculosis  may  occur  either  i 
the  .iciitti  or  coseouM  initiary  fomi,  in   the  chronic  form,  or  in  a  form 
which  fibrosis  is  tho  chief  element. 

('i)  Ac'iir  Miliaria  TultfrctUojfi.< — This  is  secondary  to  a  primar)*  foe 
elsewiiere  in  the  l>ody.     The  nakcdcye  appearances  are  those  of  mill 
granulomas  scattered  more  or  less  uniformly  throughout  the  substance  oC^ 
the  iung.     Some  of  the  grarmlomas  may  show  central  ca.<Kation.     Tb9 
hmg-tissne  itself  is  gonenilly  congested,  and  there  may  be  distinct  xone» 
of  congestion  round  the  tu)>erculous  nodules,  especially  ^vhen  beneath  th» 
pleura.     Patches  of  collapse  and  emphysema  are  also  frequently  observed. 

A  .slightly  less  acute  process  in  which  the  tubercles  are  large  and 
apt  to  blond  together  into  masses — ■'■'■  racemose  patches  " — may  be  called 
aeuie  casfous  iulirrcuhgis^  and  forms  a  connecting  link  with  the  nexv 
variety. 

(b)  Chi'onk  Pulmonary  Tubfrcniosis. — Tho  most  advanced  stage  of  the 
disease  is  at  the  apex  of  the  lung,  and  here  is  found  a  cavity,  or  a  serie* 
of  cavities,  varying  in  size  and  shape,  and  surroundi/d  by  pigmented 
fibrous  tissue,  showing  the  chronic  character  of  the  lesion.  In  very  old 
cJivities  the  wall  is  smooth,  but  in  more  recent  {although  still  chronic) 
examplas  tho  walla  may  be  lined  by  a  cheesy  material,  and  nuniero 
cavities  miiy  be  joined  together,  forming  sinuous  tracks  in  ihe  upper  pai 
of  the  lung.  Below  the  cavitj*,  in  the  upper  lobes  and  to  a  varying  oxten 
in  tho  lower,  the  more  rucent  deposits  of  tubercle  are  seen,  consisting  either 
of  miliary  granulomtis,  uniting  into  racemose  patches  and  commencing  to 
degenerate,  or  of  quite  recent  Giviiies,  full  of  a  soft,  yellowish,  cheesy 
material  formed  by  the  complete  degeneration  of  the  racemose  patch 
The  racemose  patches  are  not  only  in  the  substance  of  the  lung,  but  ne 
the  surface,  on  which  they  may  form  slight  projections ;  on  sectio: 
they  may  be  wedge-shaped  like  an  infarct,  shewing  that  they  wore  forme 
either  by  ijifection  through  a  terminal  artery  or  by  inhalation  through  a 
bronchial  tube.  Both  lungs  may  be  affected,  and  the  extent  of  the  recent 
tuberculosis  is  usually  greater  in  the  lung  which  was  first  afTocted  than 
the  other.  In  this  form  of  tuberculosis,  therefore,  there  are  evidences 
a  chronic  lesion  which  hiW  lasted  a  long  time — it  may  be  years — with 
suljsequont  acute  outbreak  of  tuberculosis  below  tho  chronic  leeion ;  sue 
acute  extensions  are  cormtantly  ocouniiig  during  life,  and  in  one  of  tbdsfr 
deftth  may  ensue.  The  bronchial  glands  also  are  usually  aflbct^d  fay 
tuberculosis  in  the  manner  presently  to  be  descrilwd. 

The  process  appears  to  originate  as  an  inHammation  either  of  th 
mucous  membrane  of  the  smallest  bronchioles,  or  of  the  connective  tissu 
surrounding  them  (fieribronchiolitia).  It  is  supjwsed  that  the  non-moti 
bacilli  are  carried   through  tho  superficial  epithelium  by  the  action 
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tM  or  of  Hraceboid  interstitial  cells.      The  infection  subsequently 

by  the  lymphatic  channuU.     The  pulmonary  tissue  between  the 

6B  is  affected  by  catarrhal  inflammation  (bronchoptteumuniu),   the 

iatn-iilveolar  products  thus   forme<i   undergoing  sul>scqucnt  cji^eatioii 

U^ether  w^ith  the  interHtitial  intlammatory  tiBsue. 

Tlic  pleura  may  l«  aH'cctcd  in  two  ways:  either  as  a  result  of  an 

tfriKion  of  the  form  of  disease  described  above ;  or  primaiily,  although 

M.  is  mre  in   man.     TulKrculoais  of  the  pleura  in  its  early  stage  is 

(1,  OS  a  rule,  by   the  growth   of   miliary  graniUomas  beneath   the 

and  sulisequently  by  the  development  of  a  large  amount  of  fibrous 

;  in  »omo  cases,  however,  the  tuberculosis  leads  to  pus- format  ion 

ndtlie  production  of  an  empyema.     Some  cases  uf  empyema  that  occur 

ii  diroiiic  puJraonarj'  tuberculosis  are  pi-ohably  not  directly  tub(?rculous, 

ilibuugh  this  is  not  ijuite  clear  ;  but  in   the  majority  of  causes  the  pua- 

fonulion  must  be  ascnl>ed  directly  to  the  presence  of  the  tuberculous 

Imou  in  the  lung.     Kxtension  of  a  tuberculous  cavity  by  ulceration  into 

tlio  pleural  sac,  at  a  point  where  no  previous  adhesion  of  the  two  layers 

n(  plenni  has  occurreil,  may  give  rise  to  pneumothorax  or  pyopneumo- 

tbtnx. 

Bwides  non-tuberculous  enipyeni.%  there  are  other  associated  lesions  in 
nic  pulmonary  tuberculosis.  Pneumonia  may  occur,  aa  in  a  healthy 
ond  in  patients  dying  of  chronic  pulmonary  tuberculosis  broncho- 
ia  and  collapse  ai'e  frequently  found  situaterl  between  the  tuber- 
sions.  The  occurrence  of  bronchopneumonia  in  the  course  of 
^^dTMWDg  tuberculosis,  or  just  before  death,  may  sometimes  be  due  to  the 
^^^tjon  of  irritant  bodies  in  the  sputum,  quite  apart  from  tuberculous 
^Btection. 

^H    I)rT  pleurisy,  occurring  in  the  course  of  tuberculosis,  is  usually  tuber- 
^^Woqg^  iiid  is  associated  with  the  prestuice  of  tulwrcles  on  the  pleura ; 
iftlmD  may  result,  the  liquid  of  which  may  not  contain  tubercle  Imcilli ; 
flvon  in  this  case  the  pleurisy  is  usually  tuberculous.     The  opinion  is 
iiig  ground  that  the  majority  of  all  cases  of  pleurisy,  Ix>th  "dry  "  and 
live,  which  arc  apparently  primary,  no  disease  of  the  lung  being  at 
time  discovenible,  are  tuberculous  in  nature. 

Tuberculous  cavities  may  become  secondarily'  infected  by  pyogenetic 

and  occasionally  by  various  moulds  {tu^pertplluA,  matav).     Gangrene 

ll)c  lung  sometimes  occurs,  associate<l  with  throml>osis  of  the  vessels 

«ui  infection  of  the  dying  tissue  by  micro-organisms  which  are  inhale<l 

agh  the  bronchial  tubes. 

(c)  Coitotui  Pneumonia. — The  great  majority  of  the  cases  described 
r  the  hetuling  Caseous  Pneumonia  are  tuberculous.  They  present  a 
different  appeamnce  from  that  which  has  been  described  as  occurring 
ronic  tuberctiloHis.  There  U  more  or  less  uniform  consolidation  over 
ter  or  leas  area  of  the  lung,  and  in  what  appears  to  Ix;  the  less 
srlvancod  stage  of  the  disease  the  surface  is  granular  nn  section,  present- 
A  whitish -yellow  appearance.  In  other  ptiits  there  is  ciiseation. 
y   a   similar   condition    may   be    brought   about  by   other  micro- 
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orgiiniams  (jMUudo-tuberculoBis, pp.  290, 317),  iliHgn(»sia  l>oing  only  rendered 
«ortain  by  the  diacovory  oither  of  the  tuber<>lt.'  kicillus  or  of  other  ^m;i 
alone  in  the  diseJiseU  tissue.  Tuberculous  piieuuioiiia  oocui's  as  a  ftenuel 
to  a  primary  fociia  cither  in  the  ajiex  of  the  lung  or  elsowhert*. 

(d)  Fibroid  'Tuhrmdosia. — Fibroid  tubc'rciilosis  occurs  in  three  fomw — 
as  a  localised  nodule  at  the  apex  of  the  lung,  as  hbrosis  of  an  area  of  lung 
aiTected    by    miliary    liib«rculnsia,    or    at;    a    slowly   spreading   fibroeis 
ftgaociatcd  with  very  chronic  tuberculosis,  lasting  many  years.      Fibrosis 
ia  a  feature  in  all  crises  of  chronic  tuberculosis  of  the  hnigs^  ami  is  lb© 
mode   by  which   the   tulHTculoim  focus  is   encfipsuled  and  infection  o» 
neighbouring  or  other  jiarts  prevented.     The  hbroid  patches  that  »r^ 
not  uncommonly  found  at  the  a^wx  of  the  lun;^  ai-c  a  form  of  what  i^ 
called  retrogmdo  or  obsolescent  tubercle     Notluies  varying  in  size  fror*» 
half  an  inch  to  an  inch   in  diameter  are  seen,  which  on  seciinn  shew  a* 
periphery   formed    of   dense    fibroid   and    pigmented    tissue,   fre<]ucnily^ 
puckering   the    surface    of    the   lung ;   and   a   centre,  which   is   usually 
Cidcareous  and  may  contain  ensealed  matter.      Where  there  i»  ca»eat»sJ 
matter  tubercle  luicilli  are  to  lie  found  as  a  nde,  although  they  are  scanty^ 
and  stain  badly  with  hichnin,  shewing  that  tliey  are  degenorat«*l.     Suet 
fibrous  nodules  are  but  i-arely  infective.     In  three  cases  in  which  they 
were  removed  from  th«  lung  antiseptically,  and  intnxlucod  sul>cutaM0ou»ly 
into  guinea-pigs,   no  tuberculosis   resulted   (S.   Martin).      Fibrosis   of  a 
portion  of  the  lung,  usually  the  upper  pint,  which  hiis  been  ;*lfected  with 
miliary  tuberculosis  without  cjiseatiuri,  is  not  a  common  event;  but   it   ts 
sometimes  observed  in  post-mortem  oxaminationa,  when,  as  a  nUe,  recent 
tul>erculous  lesions  are  found  elsewhere.     The  part  of  the  lung  affected 
presenU  a  dark  appearance,  is  somewhat  contracted,  and  is  very  tough  ; 
microscopically  the  alveolar  sti-ucture  is  almost  completely  destroyed  by 
the  interstitial  fibrosis,  and  the  places  where  miliary  granulonuts  existwl 
are  recognised  by  the  indistinct  appeamnce  of  noilulfts  completely  Iranfr 
formed  into  pigmented  fibrous  tissue. 

The  form  of  disease  to  which  the  term  fibroid  tuberculoeia  is  .ipplie^l 
clinically  is  that  in  which,  as  a  result  of  a  very  slowly  progressing  dis(*a^ 
extending  perhaps  over  many  years  and  usually  limited  to  one  lung,  there 
ia  extensive  formation  of  fibrous  tisaue  round  the  tubciTuIoua  lesion  or 
cavity,  from  which  libroftia  spreads  into  the  rest  of  the  lung.  Associated 
with  it,  and  as  a  i-esult  of  the  conti-actiou  uf  the  fibrous  tissue,  there  is 
extensive  bronchie('t.'L<)>is.  At  the  time  when  the  lung  is  examined  after 
death  there  may  ))e  little  or  no  evidence  that  it  is  tulwrcutous,  inasmuch  as 
all  caseous  material  may  have  disappeared,  and  the  lung  \ie  one  series  of 
cavities,  some  of  which  are  tulwrculous,  but  most  of  which  are  bronchi- 
octatic  ;  these  are  surrounded  by  dense  strands  of  connective  tissxie  in 
which  no  trace  of  tubercle  is  discoverable.  There  is  no  other  primary 
chronic  di»ease  that  produces  this  condition  of  lung  except  ttiliercidctsis, 
the  fibrosis  and  bronchi ectasis  resulting  from  pneumonia  being  localised, 
and  not  as  a  rule  extending  beyond  the  uriirinal  limits  of  the  acuto 
disease ;  while  that  associated  with  the  inhalation  of  foreign   particle* 
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(poeaaioconioirig)  is  bilateral  in  dtatrihution.  Besides  bronchiectasis,  tiie 
tinn  of  the  scnr  tissue  found  in  tibroid  tuberculosis  may  give  nse 
'^tii  of  the  hwut,  to  contraction  of  one  side  of  the  thorax,  and 
'  _  « urvattire  of  the  jipino. 
TubercuJoeis  of  the  larynx  is  almost  invariably  secondary  to  disease  of 
tbe  [ung&,  the  infection  being  conveyed  by  the  sputuni  in  its  passage 
oier  lb«  inter-aryt«noid  space.  This  region  and  the  vocal  cords  are  the 
itneuircs  most  frequently  attacked,  but  the  epiglottis,  the  aryta^no- 
(figlottklean  folds,  and  the  ventricular  bnnds  are  also  liable  to  suffer. 
Tiir  ttil«rtuluus  pntcoss  in  thu  submucous  tissue  causes  considerable 
•fltllitij;  of  the  aflected  structures  ;  ulceration  generally  ensues,  the  ulcers 
b»iug  wmt'what  ragged  edges  and  granular  floors  on  which  caseous 
fHrticIw  niiiv  be  visible.  In  the  rare  insiMnces  in  which  the  larynx  is 
sffrt-ui)  primarily  the  infection  must  either  be  conveyed  by  the  blood- 
•'.ream  fw  rrstilt  from  direct  inhalation  of  V>iicilli. 

Tiu  jimtoutnm  is  alVecled  in  two  forms :  cither  as  part  of  a  general 
diiMie,  or  08  a  result  of  intestinal  infection.  When  tuberculous  peri- 
toniliii*  part  of  a  generalise<l  tuberculosis  the  appeanuices  are  those  of 
AUBeKNts  miliary  granulomas  scattered  over  lK)th  the  visceral  and  jxirieUil 
wuni.  They  vary  in  number,  and,  if  of  long  sUinding,  are  atirrounded 
X  ifino  of  pigment.  Chronic  tnl)erculoiL'*  ]>eritonitis  is  a  result  of  in- 
lubcrculoufi  infection,  but  thL-rc  nmy  or  may  not  bo  a  local  lesion 
intestinal  mucous  membrane.  In  well-marked  tuberculous  ulcera- 
tion of  the  intestines  there  is  very  frequently  a  deiM)8it  of  miliary  granu- 
iii  the  peritoneum  over  the  ulcers,  which  is  congested  at  the  spot 
covered  with  a  b'ttle  lymph.  But  in  children  especially,  intestinal 
iloiu  infection  may  lead  to  a  genonilised  peritonitis.  This  is 
with  enlargement  mid  caseation  of  the  ntc.'^enteric  glands 
mesenterica"),  shewing  that  the  course  of  hifcction  was  from  the 
The  peritoneum  itsnlf  u  no  doubt  in  tiie  early  stjiges  covered 
"ftli  miltarv  granulomas,  altlinuj^h  this  stiigo  of  the  disease  is  not  often 
^1  post  mortem.  When  the  diseiise  liecomes  developed,  the  miliary 
itikimas  have  greatly  increased  in  number,  and  have  united^  especially 
thegr«it  omentum  ;  and  thti  gicat  Hbrosis,  resulting  from  the  presence 
itptulterclcs,  produces  btuids  of  thickunetl  peritoneum  stretching  across 
alxlomen,  binding  the  iiUestincs  together  :md  frequently  distorting 
As  in  the  pleura  when  it  is  infected  by  tuberculosis,  effusion  may 
,  which  may  t>e  either  a  neiirly  clear  straw- colon  red  liquid  or  pus. 
pas  may  l>e  boimd  down  by  adhesions  and  form  a  localised  abfjcess. 
Socb  abscesses  may  extend  through  the  alxlominal  wall  or  into  the 
le  ;  if  perfonition  takes  place  in  both  directions,  a  ficcal  fistula  will 


tJtflmtJijTM. — The  pia  mat^jr  is  affected  with  acute  miliary  tuberculosis, 
!r  as  part  of  a  generalised  tuberculosis,  or  by  infection  from  an  active 
elsewhere — for  example,  the  joints,  lungs,  or  intestines.     Thegranu- 
which  occiu-  are  very  small ;  they  are  seen  in  the  interpeduncular 
and  ore  situated  along  the  vessels  running  into  the  Sylvian  Q&siu*es. 
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They  aio  present  also  in  the  lymphatic  aheaths  of  the  ve«seU  which  enw 
the  bmiii  from  the  pia  mater,  aiui  they  may  extend  Imckwanla  from  th 
interpedimcukr  Bptice  intrt  the  jiart  of  the  membrane  lying  in  the  ina 
verse  fissure  of  the  brain.  Pus  is  not  infret|uently  present  in  the  inte 
peduncular  space,  and  is  in  most  cases  limited  to  the  base  of  the  bnii 
The  formation  of  pits  is  du<?  Ui  the  action  of  the  tubercle  bacillus  itsd 
thei-e  is  usually  no  secondary  infection  by  pyogenetic  cocci  in  tuberculo 
meningitis. 

In  tiu  brain  tulvercidoai.s  takes  the  form  of  nodules  varying  in  m 
from  a  line  to  an  inch  in  diameter,  almost  completely  caseated,  a 
usually  surrounded  by  a  capsule  of  unpigmented  fibrous  tiasne.  1 
nodules  are  quite  discrete,  and  the  caseated  matter  on  section  present 
peculiar  ji^'eenish-yellow  apijcarance.  It  is  quite  firm,  and  tuliercle  Ikm 
are  usually  to  l)e  found.  The  tuberculous  7iodule  is  always  situated 
the  substance  of  the  brain,  and  may  be  present  in  the  hemispheres,  cc 
missurea,  corol>eIlum,  pons,  or  medulla.  Iti  rare  cases  similar  nodu 
may  be  found  in  the  spinal  cord. 

AlimenUkiy  Tract. — Tuberculous  lesions  in  the  intestines  may 
primar)'  or  secondary,  and  may  occur  in  the  small  or  large  gut.  Tul 
culuus  ulceration  of  the  pliarynx  and  fauces  h  extremely  rjire,  and  oor 
only  in  cases  where  the  lungs  are  alTectcd.  Tuberculosis  of  the  o^sopha^ 
is  a  pathological  curiosity  ;  recently  a  case  was  described  in  this  couni 
by  Drs.  81irnbi«ait  and  Nfullings.  Harely  a  small  tuberculous  ulcer  ic 
bo  found  in  the  titomach,  but  only  In  advanced  cases  of  tubeirculoi 
and  when  the  aecretion  of  hydrochloric  acid  is  deficient.  In  the  fi 
part  of  the  duodenum  also,  the  contents  of  which  are  acid,  tu)iorcuI< 
ulceration  is  extremely  rare;  but  from  the  duodenum  to  the  ileo-cae 
valve  it  is  increiisingly  fretpient,  the  chief  parts  of  the  mucous  membn 
in  which  it  occurs  being  those  in  which  the  Peyer's  ]>atcheB  nrv  m^ 
numerous.  Ulceration  of  the  large  gut  may  occur  independently  of  il 
in  the  small  gut,  or  both  may  be  associated  ;  but  the  large  gut  is  not 
frequently  affected  alone  as  the  small.  Aa  elsewhei'Cf  the  first  sign 
tulieroutosis  in  the  mucous  membrane  is  seen  in  the  deposit  of  nodu 
which  coaloKce  and  caseate,  finally  leading  to  necrosis  of  the  su{>erfic 
tissue  and  leaving  an  ulcer.  The  no<lules  may  be  present  either  in  t 
deeper  part  of  the  mucous  membrane  or  quite  near  the  surface  ot 
Peyer's  patch.  Both  deep  and  superficial  ulcers  are  thus  formed, 
fidly  formed  tuberculous  ulcer  of  titc  small  intestine  is  not  unconimoi 
transverse  to  the  direction  of  the  gnt,  but  is  chiefly  chorftct^risod  by 
irregulai'ity,  by  its  thickened  edges  which  are  not  undermined,  anil  by 
base,  which  is  uneven,  and  shows  a  deposit  of  small  caseated  nodul 
which  may  be  situated  either  in  the  muscular  tissue  or  in  the  peritoneu 
Perforation  nf  the  ulcer  into  the  general  peritoneal  cavity  may  occur.  1 
as  a  rule  this  is  preventod  by  adhesions  to  the  neighbouring  part  of  I 
gut  duo  to  the  slight  peritonitis  produced  by  the  ulcer.  The  result  m 
be  tJ>  mat  the  intestinti»  together  and  to  form  irregular  communicatio 
Perforation  in  tliis  form  occurs  almost  equally  in  the  amall  gut  and  in  1 


1m^  Stricture  of  the  intestine  may  result  from  contraction  of  the  suir 
of  A  tcftleil  tuherculous  ulcer.  A  rare  and  remarkable  condition  char- 
Afterised  by  great  tbickuuiiig  of  the  walls  of  the  bowel  and  nan-owing  of 
tbo  luineii  is  known  aa  chronic  hyper}>]H»tic  tul>ercu1oais ;  it  chiefly  occurs 
in  the  neighbourhood  of  the  ctecum  (Lartigau).  Infection  of  the  tissue 
&roaod  the  rectum  gives  rise  to  a  common  variety  of  tistuJa  in  aiio. 

LpaphaHe  Giuvds. — The  early  tuberculous  depositij  in  the  lymphatic 
^bmh  occur  as  miliary  granuloma^  which  rapidly  caseat«,  unite  together, 
udform  the  characteristic  cheeky  masses  uo  frequently  seen.  This  pro- 
MM  cocQtiionly  ends  in  calcification  or  fibrosis.  In  tuberculosis  of  the 
|)udi  near  the  trachea  or  bronchial  tubes,  and  of  the  superficial  glands 
of  the  nock,  axilla  or  groin,  necrosis  of  the  tissue  Mii>erficial  U>  the  gland 
Buy  occur,  and  the  caseous  contents  of  the  gland  be  extruded,  leanng  a 
luberculous  sinus. 

fim/i. — Tuberculosis  in  the  cancellous  paits  of  the  hones  begins  in  a 

nunj)«r  similar  to  that  already  described  in  other  parts,  soon  leads  to  the 

foraution  of  large  caseous  masses  with  disintegration  of  the  lx)ny  tissue. 

■od  not  infrequently  to  the  formation  of  pus.     This  occurs  in  the  "cold  " 

o^scenes  that  result,  for  example,  from  caries  of  the  spine.      Here,  as  in 

*fc6  ]iieningc&.  the  formation  of  pus  ia  due  to  the  action  of  the  tubercle 

Ivcillug  itself.     The  contents  of  the  abscess  are  thick  and   ropy,  and 

"wlude  luimerous   pus-cells   in  various  stages   of  degeneration,   besides 

THIoirifth  masses  of  caseous  matter.     Tubercle  bacilli  are  with  difficulty 

^t^Uod  in  tho  pus  from  the^^e  abscesses,  aud  sometimes  inoculation  into 

•ttinwU  fails  to  give  a  |K>8itivo  result 

Joxnts. — The  deposit  of  tulicrcle  in  the  joints  occurs  in  the  synovial 
"iftmbrane ;  it  lea<ls  to  great  thickening,  due  to  the  formation  of  gela- 
^'K>U8  fibroid  tissue,  and  either  to  effusion  into  the  joints  or  to  the 
^VTnution  of  an  abscess.  The  bones  forming  the  joints  are  also  not 
tn&eqtiently  affected  by  tuberculosis. 

TV  JhWn«;W8  are  affected  in  two  ways :  either  in  the  form  of  milijiry 
|f»iinlonuui,  irregularly  deposited  through  the  substance  of  the  organ,  and 
™<Mt  numerotu  in  the  cortex ;  or  in  the  form  of  caseous  masses,  which 
•**  primarilj'  formed  in  the  apex  of  the  pyramids  and  extend  towards 
l^e  cortex.  In  this  way  the  whole  substance  of  the  kidney  may  1* 
^troyed.  In  earlier  st^iges  miliary  granulomas  beginning  to  caseato 
•fa  visible  rouml  the  i>ciipiierv  of  the  casw>us  moss  ;  that  is  t(t  sjiy, 
*^  primary  focus  has  led  to  tho  formation  of  ruimerous  secondaiy  foci  of 
^hcreulosis.     Kxtension   of   infeiHion   to   thu   ureter  anil   bladder   may 


The  fffididt/nus,  fpfrviatk  cm-d,  and  eestculas  seminaUs  are  not  infR'i|uontly 
^ecletl  by  tulterculosis  ;  in  :dl  these  cases  the  infection  ia  convoyed  by  tho 
"^(•otl-stream.     The  FalhrpUtn  tubes  may  also  be  the  seat  of  tuberculosis. 

SupnreTiaJs.  — Tuberculosis  of  these  bodies,  which  is  observe*!  in 
A()di«oD*s  disease,  is  usually  seen  (post  mort^^m)  as  a  complete  caj^eation 
'^  the  organ  associated  with  fibrosis  and  calcification.  Tubercle  bacilli 
*rt  irith  ibfficuUy  found  in  these  cases.      Whether  the  form  of  Addison's 
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discjise  associated  nnth  fibrosis  and  atrophy  of  the  capsule  be  due 
pnmary  lulierculosift  of  iho  organ  or  not,  it  is  ini[K)SHil)le  to  say, 
H  rule,  in  these  casea  no  caseation  or  calcification  is  observed. 

The.  lirfr  ami  spUrn  are  ati'ected  in  a  siniihir  manner,  viz.  in  the  fot 
of  miliary  graniiloniaij.  TuberciiloHis  of  these  organs  is  ol>served  QQ 
\\A  secondary  to  a  tuborculoiis  focus  elsewhere.  The  granulomas,  espe<d 
in  the  liver,  are  frequently  microscopic  only;  but  they  may  be  a  lin? 
diameter,  showing  a  caseattnl  centre.  They  project  from  the  surface 
the  organ,  and  are  also  present  in  its  sul^tance.  In  the  liver  the  nodul 
are  very  nirely  large  urdesa  there  l)o  some  secondary  i>yogenetic  iufectio 
as  occui*s  sometimes  in  tuberculous  empyema  of  the  nght  side.  Lar] 
tuberculous  tmdulcs  are  found  In  cattle  and  in  pigs,  but  they  are  vei 
rarely  found  in  the  liver  of  man  ("solitary  tubercle").  Infection  of  tl 
hile-passages  (tuberculous  cholangitis)  may  give  rise  to  multiple  tube 
culous  "  abscesses "  throughout  the  organ.  In  the  spleen  caseation 
the  nodules  serves  to  distinguish  them  from  Hodgkin's  disease.  Caseoi 
masses  in  the  liver  and  spleen  are  less  rare  in  children  than  in  adidte. 

In  the  skill  tuberculosis  is  seen  in  a  very  chronic  form,  as  lupus. 
is  characterised  by  the  same  microscopical  appearances  as  those  wi 
have  been  descriljed,  and  the  tendency  is  to  necrosis  of  the  cells  ai 
the  superHcial  tissues,  leading  to  ulceration.  Fibrosis  is  quite  subaidl 
in  the  extending  *  disease,  although  it  is  well  marked  in  the  scarrii 
which  results  from  the  hcided  tdcers.  Many  cases  nf  so-called  "an 
tomical  tubercle  *  {t^ermca  -rtiicrogeuka)  Jire  duo  to  the  BatUlvs  iuhfrettlM 
as  are  also  some  other  forms  of  chronic  inflammation  of  the  sk 
^tvbercuiides). 

Pathology. — The  anatomical  cluiractcristics  of  tuberculosis, 
from  the  histological  point  of  view  and  from  the  manner  in  which 
disease  affects  individual  organs  or  parts,  are  but  a  very  small  part  i 
the  subject  of  tuberculosis  as  an  infection.  Not  only  must  the  proi 
that  the  BaciUus  tuhcrcnhsis  is  a  necessary  factor  in  the  disease  be  di 
cussed,  but  the  question  of  the  modes  of  infection,  and  nf  the  p&r 
affected  by  these  different  modes,  as  well  as  the  spread  of  the  disease  j 
the  body  from  u  local  focus,  must  be  considered.  In  cuntiexion  with  tW 
too,  arises  the  question  of  the  usiml  source  of  infection  in  man,  as  wc 
as  the  questions  of  the  otTect  of  doso  and  virulctice  of  the  virus,  am 
the  resist;mce  of  the  body  to  its  invasion  and  spread. 

TVc  Biicilluji  J'ul)e7tulu^is  m  a  Cttfine  of  7'uhcrculvsiit, — ^This  Ijacillus 
been  definitely  proved  by  the  expenmental  method  to  be  a  neceasu 
factor  in  the  causation  of  tubercidosia  in  the  following  maimer: — 

('i)  The  bacillus  is  found  in  tuberculous  lesions  both  in  man  an 
ouimals.  In  a  particular  letiion  the  bacilliis  may  be  absent,  having  died 
but  in  one  or  other  lesion  of  the  I)ody  of  a  tuberculous  animal,  and  i 
nearly  all  recent  tuberculous  lesions,  tubercle  twicilli  are  readily  found. 

{b)  The  bacillus  has  been  separated  from  tubcrciUous  lesions  iu  mn 
and  cows,  and  from  the  sputum  in  man,  and  obUiined  in  pure  cidtivatioi 

(c)  Inoculation   into   susceptible  animals   of    the   tubercle 
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•fhbiined  in  pure  cultivation,  produces  exactly  the  same  disteatse,  btuh 
tiiAUmicaUy  and  in  the  modo  of  distribution  of  tbo  lesionn,  as  in  man  or 
lAimtb  M-hich  sufler  nnturally  from  tuborculosiR. 

{ft)  From  the  legions  in  the  exiierimeiital  case-s  in  aiiiniaU  the  luicillus 
cui  \ta  obUincd  in  pure  cultivation,  liWng  and  virulent. 

"niesc  facta  <lo  not  rest  on  any  single  Hcries  of  experinienta,  for  bince 
iheirdtHLovery  in  1881-82  by  Koch,  thny  have  I>een  repeated  and  con- 
JinMd  by  numerous  observers,  and  receive,  indeed,  continual  confirmation 
ii  eroT  pathological  laboratory.  They  serve,  then,  as  the  basis  of 
dncBHioD  of  tbr  [uithology  (if  Miberculoais. 

Uoitt  cf  Infertum. — In  investigating  the  modes  of  entrance  of  the 
AaAu  tuf>rrnUtK<iis  iulo  tlu'  Innly,  it  ik  iinporLant  to  remc*[nl>or  that  the 
Jlfeclioamay,  on  the  one  hund,  remain  loctilibcd  at  the  point  of  entry, 
arnuy,  on  the  other  hand,  be  carried  to  distAut  part^,  leaving  little  or 
tia  tncQ  of  the  (Kith  by  which  it  hnn  travolloil.  As  examples  of  l<Knl 
tubemiluais  oixuniiig  at  the  suit  of  invasion,  primary  pidmonary  tuber 
ciilosis  may  be  quoted,  or  intestinal  and  peritoneal  tuberculosis,  or 
tahereiiluue  lymphatic  glund«  in  the  neck.  On  the  othor  hand,  the 
■luesM  nuiy  be  IocaliiM*d  in  part«  far  removed  from  any  of  the  piiths  by 
»bich  the  virus  enters  the  botly — as,  for  example,  when  tnlHirculous 
U-di^eose  occtU's  in  an  individual  who  apparently  has  no  other 
srcuinns  lesion. 

great  number  of  questions  whieb  arise  in  the  consideration  of 
lints  are  for  the  most  part  answered  by  tht>  results  of  experi- 
jrculo-sis  in  animals.     Such  experiments  atlord  material  of  tbo 
k^)^  iupoi-taucc  in  the  study  of  the  disease ;  infismuch  as  the  otfects 
dowge,  virulence  of  the  Ijacilli,  and  resisUince  of   the  body   to  the 
inn  can  l>e  ^ugcd.     The  otfect  of  the  resistance  of  the  body  is 
jrmined  by  obsen'ing  the  effects  of  the  same  doso  of  virus  in 
»ie    and    refnictory    animals — in    giiineu-pigs    and    labbiu,    for 
le,  which  are  fiUBceptible  animals,  and  in  dogs  aud  some  species  of 
which  are  refractory  unimats. 

Srjierimental  Tfl^rrruUi^is. — The  following  jKiints  will  be  considered  in 
ling  experimented  tuberculosis : — 
Variations    in    the   inteusit)*   or   rapidity   of    the   disease   after 
ion  or  feeding  or  inlialatioii  of  tuberculous  material. 
he  virulence  of  diflVneiit  forms  of  tuberculous  material. 
fr)  The   varying  etrects  of  dose  on   the   extent  of  the  tuberculwtis 
Iiuwl. 

hi)  The  formation  of  a  local  lusiun  or  not  at  the  seat  of  entrance  of 
Tina  into  the  Ixxly. 
The  re*iauincu  of  the  body  to  tlio  invasion  of  the  disease — that  is, 
immunity — will  not  be  considered  in  the  foUowing  discussion, 
:h  relates  only  to  animaU  sufioejiiiblc  U^  the  disease- — ^namcly, 
n»-pigy*,  rabbits,  calves,  and  pigs.  Calves  and  pigs  are  both  sulijects 
tutnml  tuberculosis  ;  but  in  guinea-pigs  and  nibbita  tuberculosis  is 
lown  outside  tho  laboratory.  These  two  animals,  indeed,  espocially 
,0L.  ir, — pr.  I.  T 


the  guiDca-pig,  kept  under  hygienic  conditions,  eerve  as  excellent  ui 
accur.ite  teste  of  the  infeclivity  of  any  [>jirttcnliir  tiiberculoxis  material. 

Jnn>'ulatif>n  Expnhumts. — In  guinea-piga  inociilatod  snltcntaneoiisly  in 
one  or  other  groin  by  virulent  tuberculous  material,  as  early  as  nine  daj* 
after  inoculation  a  local  lesion  is  seen  which,  on  microscopical  exainiav 
lion,  m.'iy  be  recognised  as  tul)ercnlosi8.  The  inguinal  glandft  becomt 
tuberculous  in  from  seven  to  fouitoen  days,  and  about  the  third  wwk 
after  inwulation  the  disease  spreads  to  the  intornal  lymphatic  glands 
always  invading  the  lumbar  glands,  and  usually  affecting  the  codHu 
glands  before  it  spreads  to  the  liver  and  spleen.  i>preading  to  U« 
thorax  (which  it  does  aliout  the  fourth  week),  it  aflects  first  th( 
posterior  mediastinal  jind  bronchial  glands  ;  and  subsequently,  about  tbi 
fifth  week,  the  lungs.  The  mesenteric  glands  are  affected  only  in  ver 
advanced  tuberculosis  following  inornlatioii.  The  supmrenals  and  lb 
kidneys  are  never  found  alfected  by  the  disease. 

If  the  tul>erculoU3  material  be  inoculated  in  Iwth  groins  the  disease  i 
dcvelopeil  on  both  sides — that  is,  lioth  inguinal  and  biilh  lumbar  groups  < 
lymphatic  glandrf  become  alVected ;  whereas  if  one  side  only  be  inoculate 
the  lumbjir  and  inguinal  glands  of  the  other  side  do  not  becume  tube 
culouH,  aUliDugh  the  himlKU-  glands  may  become  so  in  the  later  atagee  < 
advanced  lubcrcidosis  in  the  guinea-pig. 

The  iiitrajieritoneal  inocidation  of  virulent  tuberculous  material  pp 
duces  an  intense  tulwrculous  peritonitis,  with  great  tbirkening  of  tl: 
omentum  and  iho  deposit  of  miliary  tubercles  over  both  the  pariek 
ajid  visceral  peritoneum :  this  is  evident  in  from  ten  to  fourteen  da) 
after  inoculation.  In  fourteen  days  tubercidosis  of  the  luml»ar,  cwliu 
anterior  and  [wsterior  mediastinal  lymphatic  glands  may  be  evideu 
and,  if  very  virulent  material  be  used,  tuberculosis  (jf  the  liver  and  splee 
or  even  of  the  lung.  In  sixteen  to  twenty-one  <Ihvs  practically  over 
organ  of  the  body  may  be  affected,  except  the  gastrointestinal  trac 
and,  in  the  guinea-pig,  the  supraremils  and  kidneys.  The  mcsontcr 
glands  iH'come  affected  at  a  very  late  stage  of  the  tuberculosis,  and  uloei 
of  the  intestines  iiro  never  produced  by  the  inoculation  of  tul>ereuloi 
material  wherever  intruiluceiL  Inoculation  into  the  anterior  chamber  i 
the  eye  produces,  in  seven  to  ten  thus,  a  lotjil  tuberculosis,  which  the 
spreads  to  the  neighbouring  lymphatic  glands,  and  fiimlly  to  the  Innj 
and  other  organs  of  the  IxkIv. 

The  inoculation  of  sputum  from  msea  of  hurann  pulmonary  tiiberculos 
as  well  as  of  material  obtained  from  recent  and  progressing  lesiot 
of  the  disea-se,  produces  similar  effects,  viz.:  <1)  a  local  lesion:  (2) 
spread  of  the  disca.<ie  to  the  lymphatic  glan<ls  nearest  the  local  lesior 
(:j)  the  invasion  of  the  solid  organs  of  the  body.  Si»utum.  no  doub 
has  II  nirying  infectivity,  dependent  on  the  character  of  the  kwion  whi< 
produces  it,  whether,  that  is,  it  contains  a  large  number  of  liviti 
tubercle  Ixicilli  or  not.  Not  many  experimenta,  however,  have  be* 
poi'formed  from  this  point  of  view.  Of  great  importance  in  huma 
pathology  is  the  result  of   inoculating  the  meat  and  mUk  from  tube 
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cnloiu  iflimftls  into  guincvpigs  and  rabbits,  since  we  arc  tfatu  pnabl(^d  to 
Mtl^  tbv  resulu  of  inocnlHtion  with  matt-rial  of  cotnpiualively  low 
Wrulence.  The  milk  from  a  cow  with  tnl>erc\ilosis  of  the  lulder  may  ha 
ki|^Iv  infective,  or  only  slightly  so;  and  the  iiifecti\itv  is  due  to  the 
ftmbct  of  tubercle  lucilli  in  the  milk,  coniiiig,  :i»  in  the  8|mtuni  of 
palDOMjy  tuborciilosis,  from  the  breaking  down  of  tuberculous  lesions. 
Tilt  meat  from  tuberculous  cattle  may  also  be  highly  or  only  slightly 
mfertivf ;  but  in  this  cjlsc  the  infectivity  does  not  depend  on  the  prcBonce 
of  taiwnnduiis  lesions  in  the  muscular  tissue  itself,  but  on  the  contamina- 
Tiot)  of  the  meiit,  duriug  its  removal,  by  or  from  the  tuberculous  lesions 
pr€*«it  iu  the  carftise. 

The  effecU  resulting  from  the  inoculation  of  meat  and  milk  into 
uiiauU  vary  with  the  dose  of  the  virus  present  in  the  inoculated 
BuichnI ;  inasmuch  as,  a{>art  from  the  doec,  the  virulence  of  the  bacilli 
iMTticidar  lesion  carniot  at  present  be  gauged.  In  a  highly  infective 
r.  K\]ch  HA  anthrax,  where  death  follows  inoculation  in  twenty-four 
-\x  hours,  the  dosage  is  not  of  so  much  importance  as  the 
I  I  or  vitality  of  the  bacillus.  That  is,  speaking  broadly,  twice 
:!■  iiiAldose  of  material  wntaining  anthrax  Iwicilli  will  not  produce  a 
fK^Uit  etfcct  in  a  guinea  pig  than  a  smaller  dose.  But.  in  the  case  of 
anthmx  l>acilli  the  nrulence  may  vary  greatly,  and  produce  correspond- 
i^ttflBCtA  in  the  animal  body.  With  tuberculosis,  however,  dosiijre  is  of 
pMter  im|>ortance.  inasmuch  as  the  larger  the  dose,  within  limits,  the 
pBil«r  the  degree  of  tuberculosis  produced  iu  a  susceiJtible  animal.  For 
ttbennlosis  is  easeutially  a  chronic  disea-se,  one  in  which  the  ijifoctive 
adciit gtows  slowly;  therefore  with  a  small  number  of  liacilli  the  Iwwly 
is  ohire  likely  to  resist  their  invasion  and  to  restrict  their  action  to  the 
«»t  of  inoculation,  whereas  with  a  large  dose  this  defensive  action  is  not 
» tJoctive.  The  importance  of  "  dosage  "  is  illustrated  by  Or.  S.  Martin's 
BtperioeMts  *  with  tulierculous  milk.  One  cubic  centimetre  of  virulent 
■"flli  injectwi  into  the  peritoneid  cavity  jHoduccd  in  sixteen  days,  besides 
^  local  lesion  of  the  peritoneum,  tul)erculosis  of  all  the  internal 
IvQiphatic  glands,  of  the  cervical  glands,  and  of  the  liver  and  spleen,  but 
^i  of  thp  lungs  ;  whereas  one  cubic  centimetre  of  a  1 0  per  cent  dilution 
w  Uie  ttiue  milk  pn>duce<l  in  the  same  lime  a  local  lesion  practically 
ttBDldl  to  the  umentiun,  with  tuberculosis  of  the  spleen  and  of  the 
■^•wteric  glands,  but  of  no  other  parts.  Dilution  of  the  milk  thus 
P^Bdooed  in  the  same  time  a  limiution  of  the  disejise.  Inoculation  with 
wn«iit  of  tuberculous  animals  oven  more  clearly  empbjisiscd  the  siimo 
P^ple,  a  guinf-a-pig  inocuLiterl  with  material  of  this  nature  exhitiiting 
■•rtlj  a  locahsed  tuberculosis  of  the  skin  at  the  point  of  infection,  with 
■••^  of  genend  invasion  of  orgjtns. 

fitomgart'^n  found  tKit  injection  of  cultures  of  tubercle  Utcilli  into 
"*tiltddcr  produced  in  animals  a  tubercidosis  of  the  lungs,  and  a  similar 
ivviUirns  obtained  by  Behring  from  injections  into  the  substance  of  the 

*  tkeUJlji  of  theav  «iiil  otlmr  upcriDentH  were  gtren  in  the  tirst  editicFii  of  Uiis  Si/slem^ 
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tongiie.  I'hoae  oliscrvAtions  have  been  used  to  support  the  opinion  ih&t 
ordiiutrv  pulruoiiary  tubeirulosis  is  h:t;matoi;eiiotis  in  origin,  and  is  ik** 
proiiiicwi  by  dirc^'i  iiihiilui.i(>ti  of  infecti\>'  nmtemL 

FtfAvxg  Experim/'nls. — -Inoculution-cxjwrimcuta,  nlthough   instructiw 
from  tbe  point  of  view  of  itifoctiou,  do  not  reproduce  the  kind  of  ciio. 
that  occur  in  the  human  l)uing  or  in  n:iLtind  tuberculosis.      Althoogh 
inoculation -tuherculosis   hits  oocurrod   in   the    buniAU   being,  the 
luajoiity  of  cases  of  the  diswise  are  to  bo  ascribed  to  other  modes 
infoctinn.     Feeding  is  one  of  these. 

If  guinc'i-pigs  be  fed  with  one  dose  of  virulent  tuberculous  noktoi 
ohuiiiied  from  thu  cow  or  muu,  the  liiist  lesion  observed,  hs  in  other 
of  infection   by   the  disease,  is  a  local  one  in  the  small  intestine 
Cfecum.     This  is  first  apparent  to  the  [laked  eye  (and,  indeed,  to  micrtK 
Bcopical  examination)  at  the  end  of  from  eighteen  to  twenty-one  da] 
The  frociuency  with  which  tho.  small  intestine  or  the  c?ecnm  is  nfTectcfl 
variable.      Of   twenty  animals    rendered    tubercidous    by    feeding,   tb» 
disease  was  present  in  the  small  inti'stine  in  all  but  one,  which  hail  bec^ 
fed  ^vith  sputum  ;   and  the  Cipcum  was  affcuted  in  all  but  three.     The 
frequency  of  tho  infection  of  the  cjecura  in  the  guinea-pig  is  explicjible  by 
the  presence  of  largo  and  numerous  Foyer's  (latches,  a  ^)oinL  of  liiHor^nC^ 
from   the   condition    in  man  and    carnivora.      From  the  intestines  th^ 
disease  spreads  to  the  mesenteric   and   the  cuecal   lymphatic   glamU  i«* 
about  twenty -4'ight  <lays  frum  the   commcneenmnt  of  the  cxperiuieiit>  5 
from   these  it  sjiniads  to  the  cicliac  ghiuds,  the  liver,  spleen,  postoritT*" 
mediastinal  and  bronchial  glands,  and  to  the  lungs.     In  some  animal^v 
living  a  long  time,  tho  anti^rior  mediastinal  glands  are  nfTectcd  ;  oe  ar^ 
also  tho  glands  in  the  lessor  omentum  and  the  lumbar  glands. 

In  pigs  fid  with  vinilent  lulM-rrulous  mat-prial  the  pathological 
of  the  diseiise  is  practicidly  the  wime  as  in  guinea-pigs ;  namely,  from 
local  lesion  in  the  alimentary  tract  the  infection  spreads  to  the  neigh- 
Vkoiiring  lymphatic  gluntis,  and  thence  to  the  organs  of  the  Ixnly.  But 
in  thu  pig  the  tonsil  is  one  of  the  diief  locsilities  for  tho  absorption 
of  the  tuljorcxilous  virus.  In  one  of  Dr.  Martin's  experiments  a  pig  which 
had  Toceivryi  at  one  meal  \'20  grammes  of  tul^erculoua  lung  exhiliitod, 
wh(!n  killed,  ?is  tlie  sole  lesion  in  tho  whole  alimtfiitaiy  tract,  a  small  ub-rr, 
}"  by  \"  ;  hut  in  addition  there  w:i8  ext^insive  tubcrcidosis  of  lymphatic 
glands  and  of  the  other  viscera.  I'his  experiment  is  of  iro|>ortance.  as 
shewing  that  the  hx-iU  Uwion  from  feeding  rauy  bo  out  of  all  proportion 
to  the  tubercidosis  present  in  the  orii^ms  of  the  body. 

In  calves  fed  with  vindent  tulK-rcidous  material  the  local  lesion  u 
prcstnit  in  the  small  intestine,  and  hsu  comnionly  in  the  cnHrum.  The 
mesenteric  glands  are  alwa}*^  fif1ectr*d,  and,  when  tho  caxnim  is  attiurkKl, 
the  cn)cal  glands.  The  ilisc^ise  then  spreads  to  the  posterior  mediastinal 
and  bronchial  gland^i,  and  usually  to  the  lungs.  The  cer\ical  glands  may 
be  subsequently  affected,  as  well  as  the  retro-hepatic  gLinds.  Two  points, 
however,  must  be  noted;  (1)  That,  as  in  tho  pig,  the  glands  below  thr 
jaw  may  be  afiectedi  shewing   that  the  absorption  of   the  virus    has 
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ukfD  pIiM*  through  the  pharynx  ;  and  (2)  that  Uiberculosis  of  the  ploiini 
ID  tbc  form  of  "gnipes"  may  occur  without  any  infection  of  the  lungs. 
Thu  rmilt  is  of  sonu!  importance  from  the  pathological  point  of  view. 

In  both  pigs  ami  guiiusa-pips  feeding  with  nori  virulent  tuberculous 

mUeriAl  ni»y  result  in  a  generalised  infection,  without  the  existence  of 

anr  fiwcwcrahlc  loivil  lesion  at  the  |H»inC  of  entry  of  the  bicilli.     The 

if  infection  may,  however,  genernlly  l>e  traced   by  obmerving  the 

.  i.ji:;;iUr  chain  miiinly  involved.     In  pigs  extension  of  infection  from 

the  lODol  to  t^e  cervical  iilnnds,  and  thence  to  tho  lung,  may  occur,  the 

'-'ly  resembling  that  which  takes  place  in  human  subjects. 

•'xy)erinirtnts  on  calves  fed   with    cither   virulent   or  slightly 

ii  uilM?rciiloii.s   Tiuiterial   there  was    always  a  local    lesion  in    tbe 

■  iiio  when   tuboi'culosie  develope<]  ;    but  it  is  noteworthy  that  the 

;     I  Iwions  in  the  intestines  frequently  did  not  procee<l  to  ulcorntion, 

U'.  cuujtiatcd  in   Hmiill   nndtilcs  in   the  Peyer's  patches;,  which  caseate<1, 

»D«i  fni^ueully  became  calcareous.      CAlcification  of  thefie  nudules  was 

•DQdinira  found,  e>en  though  thure  wus  active  and  spreading  tuberculusis 

i>uuio(w  organs  of  the  hotly.      A  sitnilar  observation  wjw  m.-ido  in  adult 

w»s,  tbc  snibject*  of  Tuitural  tuberculosis  ;  and  the  same  thing  occurs  in 

IIk  human  l>oing — the  main  jwiut  is  that  the  local  lesion  is  ont  of  all  pro- 

[utjoQ  to  the  tal»crculoais  which  sultsequently  develops  throughout  the 

Iwdr.    To  calves  hitman  sputum  is  not  so  highly  infective  a  material 

« the  tuberculous  material  fmm  the  orgiins  of  a  cow.      UifiVrent  bree<lB 

"f  attlo  vary  in  their  suHcepiibility  to  infection,  a  pure  Jersey  cow,  for 

t^QiDple,  beiug  less  resistant  than  a  half-bred  shorthorn. 

h^aiaiim  £xj>ni)tu'nts, — Xumcruus  inhalation  experiments  have  Iwen 
ptrfnnux]  (ViUemiu,  Ktx-h,  and  t»thers),  with  the  result  of  transmitting 
tl>«iliam«e  to  animah.  The  biicilU  in  pure  cultivation  have  licen  &pmye<l 
on  lo  the  fiiccj*  of  animals,  and  a  pulmonary  tuberculosis  has  resulted ; 
*fxl  toherculnus  material  has  lieen  dried  and  powdered,  and  allowe^l  to 
bt  nludod  by  the  animals,  with  the  almost  certain  re^inlt  of  pioducing 
pibioouy  tulwrculusis.  This  experiment,  howevrr,  is  dangerous  for  the 
workere,  one  of  whom  contracted  a  fatal  tulici'culouB  bronchopneumonia 
id  thin  manner  (Xocjird). 

Slodes  0/  In/tctiuH  in  Natural  7'uherctil(tsi$  in  Anvmals, — In  cows  the 

laotkiof  infection  is  cither  by  means  of  the  lungs  or  the  intestines.     In 

tUM  of  tuberculosis  in  cattle  the  lungs  and  pleura  are  affected  in  a1>out 

<0  prr  cent  of  the  cases  ;  the  lungs  alone,  in  20  to  25  per  cent ;  the  pleiuii 

and  jwritrmeiim,  in  1 5  to  20  per  c«nt,  and  in  the  remaining  cases  the 

lymphatic   glands,   the    genital  organs,   mammce,   bones,   etc    (Nocurd). 

Thi«,  however,  is  not  a  valuable  mode  of  cLissi6cation,  except  to  shew 

that^  aa  in  man,  tulwrculosis  in  the  majority  of  ciises  affect*  the  Imigs  and 

thoracic  organs.     The  analysis  of  twelve  cases  of  natural  tuberculosis  in 

the  cow,  in  which  every  organ  and  gland  of  the  UAy   was  examine<l, 

gavn  the  following  result : — The  disr-asc  was  primary-  in  the  lung  in  eight 

primary  in  the  intestines  without  alTcction  of   the  lungs  in  one 

And   in   the  intestine  with  afTecUon  of  the  lungs  in  three  cases. 
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The  ^ijil^mcnt  tlmt  these  tiut  throe  cases  were  primnry  in  tho  intestine 
rosU  on  the  conclusion  that  the  intestinal  lesion,  being  calcified,  was  oMer 
than  that  iu  the  lung.     In  cattle,  therefore,  the  diiiea«e  must  I>e  consitlertd 
as   most  frcfjuently   an   inhalation-liilKfrcnlosis,  and   less    frequently  .in 
ingestion- tuberculosis.      In   the  cow,  vhcn   the  lungs  arc  atfectcd,  U»e 
posterior    luediastiiial  glands   are   usually   tuberculous ;   and,   except  in 
rerLiin   eases   which   occur   in   ohtldrcn,   this  constitutes  an   anatomical 
diflcroncc  between  pulmonary  tuberculosis  in  the  cow  and  in  man.     Tho 
disciise,  as  it  occurs  in   the  cow,  may  thus  be  divided  into  two  cIms^ 
namely,  (1)  whem  it  is  limited  to  the  thoracic  organs  and  glamls,  and  {2) 
to  the  abdominal  organs  and  glanda     In  cases  of  disease  in  the  thorstf 
it  is  highly  probable,  even  if  oidy  one  set  of  glands  in  the  abdomen  ho 
nfTectod,  especially  if  this  l>e  the  mesentonc  glands,  that  the  mode  of 
invasion  of  the  virus  has  been  thi-ough  the  intestines.     Thu«,  cases  occoT" 
in  which  therl^  is  extensive  tuberculosis  of  the  lungs,  of  the  bronchial  and 
postcrioi'  mediastinal  glands,  of  the  glands  in  the  lessor  omentum,  and  of 
the   liver.     In  such   cases   it  is  probable  that  the  glands  of  tho  lesse*" 
omentum  are  first  att'ected,  tho  disease  spreading  tlienco  to  tho  liver^  VO 
the  posterior  mediastinal  and  bronchial  glands,  and  thence  again  to  th« 
lungs. 

In  the  pig  the  dist^ise  is  almost  solely  an  ingrstion-tubcrenlosiav 
produced  by  feeding  with  the  flesh  or  milk  of  tulierculous  cattle,  and  has 
the  featiu-ys  which  have  been  destTibed  previously. 

In  the  horse,  infection  occurs  both  through  the  intestines  and  throiigb 
the  lungs,  most  frequently,  however,  by  tho  former  mode  ;  so  that  in  mo5t> 
oases  the  alKJominal  organs  are  the  chief  ones  aflbcted,  well-marked  peri- 
tonitis being  observed.  This  does  not  occur  in  the  cow  or  the  pig.  Tl»o 
lung  is  usually  aflccteil  secomiarily. 

ModfA  of  hffciion  in  Man. — In  human  tuberculosis,  many  as  aro  tho 
yeai-s  during  which  it  has  l»een  the  subject  of  study,  lhpr<»  is  n  great  want 
of  accumtc  information  as  regards  the  distribution  of  tulfei-culous  lesions 
in  a  large  number  of  cases;  yet  it  is  only  by  a  consideration  of  hirge 
numbers  that  the  modes  of  infection  can  be  determined.  The  three  modes 
of  infection  by  which  tuberculosis  can  occur  after  birth  are  by  the 
inoculation,  by  feeding,  and  by  inhalation  of  tuheivulous  material. 
Infection  may  be  carried  from  the  mother  to  the  fmtns  in  iitero. 

Inoculation  tuberculosis  occurs  accidentally  in  the  human  being,  as  in 
cases  of  wound  of  tho  hand  during  a  post-morteni  examination  of  a  tulwr 
culous  subject.  Some  of  tho  warts  wliich  appear  in  these  cases  (trrrwrtj 
necroQfnim)  are  of  a  tuberculous  nature.  Death  from  j»ulnionary  tubor- 
Ctilosis  has  also  been  known  to  follow  inoculation  of  the  finger  after  a 
longer  or  slmrtor  interval  Possibly  lupus  is  in  some  cases  a  fonn  of 
inocuhition-tuberculosis,  following  infection  of  the  skin  with  non-virulent 
tuberculous  material,  as  in  the  case  of  local  tubercidosis  of  the  skin  in  a 
guinea-pig  {riAe  p.  275). 

The  more  usual  modes  of  infection  in  man.  however,  are  by  way  of 
ingestion  and  of  inhalation.     Spefkking  generally,  ingcstion-tuliercutosis 


badiMaM  of  childhood,  inhaUtion-tuberculogia  a  disease  of  young  adult 
life,  although  it  may  occur  at  nil  ages.  When  the  lungs  alone  ai-o  tho 
ml  <rf  mberculosis  at  death,  as  thor  so  frequently  are,  and  no  oM  or 
mat  tiilicrcultMiA  lesion  is  found  in  cir  ueur  any  \Kivt  of  tlio  alimentHiy 
tm't  the  mude  of  infoction  almost  unquestionably  wiis  by  inhalation  of 
uMpAv  liacilli.  Similarly  with  the  intestine ;  in  cases  where  there  is 
wbrrciiloiw  ulceration  of  the  inte«tine,  or  even  tuberculous  nodukss  in  the 
mtfstitir,  with  tuberculosis  of  tho  mesentenc  glands  or  peritonitis,  and  no 
infiltmtidn  of  the  huigs,  the  mode  of  invasion  has  doubtless  been  by  way 
•if  ihr  iuuci>us  membrane  of  the  intestine.  But  there  are  uiany  coses 
whirh  present  grwit  difficulties  in  their  explanation — cases  of  so-called 
pmarv  tuliet'ctdo><is  of  the  Ixine.*  and  joints,  of  the  kidneys,  of  the 
qiilidvmis,  and  of  the  brain  or  nienirigo&  Post  uiortem  roeords  of  these 
iku  not  been  made  with  sufficient  accuracy  from  the  present  point  of 
tier  to  permit  us  definitely  to  iudieate  the  mode  of  infection  in  many  of 
tbroL  In  some  cases  of  primary  tulierculosis  in  tho  parts  montione^l  old 
t'nund,  either  in  the  lungs  or  intestines;  for  oxfiniple,  in  cases 
.^  a  few  licalwl  uh.ers  may  be  found,  or  a  cJilcMreous  mesenteric 
gUtii  i  »ad  in  coses  of  tuberculosis  of  the  epididymis,  where  fibroid  and 
alareous  nodules  are  found  in  the  lujigs  there  is  no  difficulty  of 
txi)UDtttion.  But  there  are  cases  in  which  no  local  legion,  old  or 
fwciii,  can  be  found  in  the  limgs,  the  intestines,  or  the  neighbouring 
lna|ihatic  plands.  The  explanation  of  such  cii^es  apjHyirs  to  l«j  given 
Vlhe  results  of  the  prenoiisly  re<;orded  experiments  in  animals  (p.  1IT7), 
"hied  have  shewn  that  the  tubercle  bacilli  miiy  enter  the  body  without 
proiucing  a  legion  in  the  mucous  nieud^rune  ;  and  that  even  if  vug  of  the 
glands  in  corniexiou  with  tho  gastro-iuteHtinal  tract  l»econie  tuberculous, 
iius  vany  reiidily  lead  to  disease  of  a  distant  part.  It  is  quite  posfiible  in 
^  tissues  of  children,  in  which  absorption  is  active,  that  tubercle  bacilli 
iMv  pass  even  throuj:!)  lyuiphatic  glands  without  priKlucing  h  lesion  ;  or 
*«T  prolcibly  ma}'  entti'r  th«  circulation  from  tho  mucous  nifmbrane  and 
^*6iniod  to  a  dibtint  part — such  as  tho  joints,  bones,  or  the  meiiingen — 
^  **  pnxluce  primar)'  Itilierculosis  in  those  jMirts.  In  any  citse,  what- 
^nr  liie  exact  path  of  infection,  it  is  cert^dn  that  the  bacillus  must  pass 
tirotigb  some  portion  either  of  the  gaatro-intestinal  or  of  the  respiratory 
tract 
-  SpTfod  of  ihr  Di^uue  in  thf  Body  after  Infedion. — Two  classes  of  eases 
Knllre  to  bo  considerud,  in  one  of  which  (and  thcsL-  are  the  majority)  a  local 
^^Non  is  produced  at  the  seat  of  infection  ;  in  the  other  there  is  no  local 
Wion,  but  either  a  lymphatic  gland  in  connexion  with  the  orgarrs  which 
Bfually  constitute  the  path  of  tho  infection  is  affected,  or,  without  infection 
of  the  lymphatic  glands,  a  distant  pirt  may  bo  atfccted  by  the  tuberculosis 
primarily-  When  there  is  a  local  lesion  in  the  early  slagiwi  of  the  dixcjise,  a 
■prBsd  of  infection  takes  place  mainly  by  lymphaLie  uhunnels,  ns  has  been 
foUy  explained  in  the  account  of  experimental  tuberculosis  ;  but  infection 
a1w>  *K'curs  by  actual  contact  of  the  tuberculous  lesion  with  neighltouring 
I    (MTU,  this  Ijoing  mo^t  evident  in  the  lungs,  and  in  casos  in  which  the  pleura 
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infects  ihe  peritoneum  after  aflhesion  to  the  dinpbragm.  With  these  roMj 
be  claused  the  instances  in  which  hacilli  convi^yod  in  the  urine  from  ft! 
tuberculous  kiilney  infect  portions  of  the  lower  urinary  tnict,  and  thnwi* 
which  tubercuhtua  spiiliim  otusod  secondary  tubitrculosis  of  the  Um*  \  -^ 
the  intf^tine.  The  third  mode  of  spread  of  the  disease  is  bv  moms  -li 
the  blcKxl-vesReU ;  this  takes  place  when  the  blood  vessels  are  themaelTca 
involved  in  the  tuberculous  process,  as  in  the  lungs  they  very  cunuiiualf 
are  ;  the  tuberculous  lesion  nipturcs  into  the  lumen  of  the  Teasel,  and 
the  viniB  is  utrried  to  distant  purts.  An  nctiiul  tubcrcutosia  of  the  iutiiDii 
of  veflAelfi  also  occurs.  In  this  way  tlie  occurrence  of  tul>erouItwifl  of  the 
liver  and  spleen  in  primary  tuboroulosis  of  the  lungs  is  ox])hiincd.  tlic 
occutToncc  of  ineiiiiigitis  likewise,  and  the  infection  of  such  rlistu-nt  pwrw 
as  the  joints  aitd  bones.  Instances  of  tul>ercuIosis  have  l>eefi  de«cril>od 
in  the  fietus  when  born,  or  in  the  early  months  of  life,  and  are  attriliut&bk 
to  infection  directly  deriveil  from  the  mrtlher.  It  is  endent  tb^t  thii4  cai 
only  occiu*  when  there  is  tuberculosis  of  the  placenta,  for  there  is  u 
actuid  contiiuiiiy  between  tht*  blood-vessels  of  the  mother  and  those  C 
the  fir'LuH,  atid  the  tulwrcte  Ixicilli  cannot  be  supposed  to  find  their  w» 
through  the  Malls  of  tininjurcfJ  vcsscU. 

Cases  of  ])nmary  tuberculosis  in  the  bones,  joints  or  epididymis* 
that  is,  in  parts  far  removed  from  the  ni-dinary  channels  of  infection — ma 
lead  to  a  generalised  tubcrciUosis  :  inasmuch  as  there  is  no  direct  lympluitj 
connexion  Iwtwt'cn  the  part^  affected,  the  sprejid  of  the  dise^we  in  Uiei 
cases  takes  place  pro^unialily  by  nieuns  of  the  bhwd-vesseU. 

Sources  of  In/criinn. — Tubercidosis  has  all  the  cliaractcra  of  an  il 
fectivo  disease.  It  has  an  incnbiUion  •  period ;  it  is  associated  wit 
fever,  and  with  certain  other  definite  symptoms  which  will  Ijc  diseuBBO 
later.  The  long  duration  of  coses  of  taberculosis  M-as  formerly  the  greo 
bar  to  the  acceptance  of  the  disease  as  an  infective  malady,  but  at  th 
present  day  the  infectious  character  of  the  disease  is  well  recn^n't»e<l,  ani 
there  is  even  danger  of  an  unnecessary  panic,  lending  to  cause  tiiVicrcnloa 
patients  to  be  shunned  as  jiariahs,  due  to  lack  oi  appreciation  of  th 
nature  of  the  infection.  This  is  very  tlilTeront  from  that  of  such  disoaM 
as  scarlet  fever  or  typhus,  precautionary  measures  r>f  a  simple  kind  snfBein; 
to  alwlish  the  risk  of  infection  arising  from  tubercuiotjs  jiatients. 

Tuberculosis  is  an  infection  ;  it  is  due,  that  is,  to  a  virus  which  i 
intro<luced  into  the  body  :  it  cannot  arise  th'.  now  in  the  body.  Cox 
aequently  the  souitcs  of  infection  are  deserving  of  the  closest  study,  sine 
it  is  by  such  knowledge  alone  thjit  we  are  enabled  to  devise  the  measure 
necessary  for  the  prevention  of  the  disease.  The  1>acillus  is  a  ixkruiU 
not  a  saprophyte,  and  has  no  independent  existence  outside  the  bod} 
But  iln're  are  numerous  sources  of  irifcctinn  by  tuberculous  materia 
from  liiiniiin  Ix'ings  or  from  animals  the  subjects  of  the  disease.  Thui 
from  human  beings  there  is  the  sputum  fiom  the  lungs  in  pidmnnar, 
tuberculosis  ;  the  urine  or  the  fa^eej*,  when  the  uriuiiry  tract  or  it 
testines  are  afTecied  with  tho  disease :  and  the  discharges  from  tubei 
oulous  ulcers  and  fistulie.     Milk  from  a  tuberculous  cow  may  he  a  aourc 


of  infection,  or  roeiit  from  cow,  pig,  or  fowl ;  And  tuberculous  organs 
or  {arU  r^movinl  from  man  ur  nnimuls  may  also  be  sources  of  danger, 
far  the  most  iiU|KirtAnt  of  hU  tliesu,  hou'evur,  .ire  8pulum  and  milk. 
1.  Spvium  in  the  moist  suae,  when  inociilmed,  inhaled,  or  used  for 
iilijf,  prwjiiccs  a.  spreading  tidjcrciilosis,  h*  bus  Iweu  frequently  provud 
expcrmient.  In  driftd  apiiium  the  Imcilli  rct:iin  their  vitttlily 
far  a  ?ery  h)ng  penod,  even  for  eight  or  twelve  weeks ;  and  in  this 
they  can  pnxluco  tuberculosis  in  animaU  by  inhalation.  Consider- 
the  number  of  tutierculous  linnnin  Iwings  in  the  woHd,  and  the 
of  precaution  in  the  treatment  of  the  sputum,  tins  is  pi-ubably 
It  fretpicnt  cause  of  tulHjRidosiB,  and  eai»04naily  of  tulKsrciiIonis 
Sc  lungs.  The  (lingers  from  sputum  arise  not  so  much  in  tht* 
m  sir,  AS  in  the  hnbit4ition  or  the  ro«^ra  occupied  by  a  pitient. 
In  the  open  air  it  is  stjon  dried,  and  the  )>aciHi  are  rapidly  kille<l  Iiy 
\i  lit  the  sunlight.  In  the  room  occupied  by  the  consumptive,  not 
ilr  docA  the  handkerchief,  which  freipienlly  receives  the  expectoration, 
highly  infective,  but  also  the  eloihea  of  the  |)ati<»nt,  the  Iwd- 
Hnd  the  walls  and  fnrnilurc  ;  soiind  hnndkt^rchiefs  may  be  laid 
the  niant^;! piece  or  elsewhere;  exjx'cUjration  may  fall  upon  the 
Thus,  the  r<H)m  in  which  a  couBumptive  has  lived,  esjH^cially 
the  end  of  the  diseovso  when  he  is  in  bed  and  occupies 
"^y.  becomes  highly  infective  if  no  precautions  be  taken  to 
^nfect  or  destroy  the  sputum;  even  when  s]»itting-cup8  are  used, 
rittve  been  known  to  transmit  tulicrciilosis  by  inoculation  to  the 
who  washes  them,  as  by  way  of  wounding  a  finger.  Consider- 
thjit  sputum  is  a  tenacious  raaU'rial,  that  it  is  readily  collected 
,1  vessel,  and  that  its  infw:tivity  is  readily  destroyed,  either  by 
(carbolic  acid)  or  by  heat,  there  can  bo  no  doubt  that 
>r  precfiutions  were  taken  in  destroying  this  highly  infective 
?nal  much  progress  would  be  made  on  the  roatl  to  prevention  of 
Many  instances  of  direct  infection  hy  sputum  have  been 
^aome  of  which  have  occurred  after  inoctdation.  Thus  in 
wiKlioo  to  such  occuiTcnces  as  have  already  l»een  mentioned,  in  which  a 
wu  wounded  in  cleaning  utensils  containing  sputum  and  was  thus 
1,  ea«ea  are  recorded  in  which  tuberculosis  of  the  prepuce  and 
iin*l  glands  has  followed  circumcision  performed  according  to  the 
Jfsvuh  rile  by  a  consumptive  priests.  Direct  infection  by  sputum, 
**oriDg  pulmonary  tuberculosis,  %vas  conveyed  by  a  mitlwife,  the  subject 
<*  idvuticed  pulmonary  tiibcrcn]o<;is,  who  was  accustomt*d  to  blow  flown 
ud  aouthft  of  newly-bom  children:  no  fewer  than  ten  of  these  became 
fibcrculoua.  To  this  category  al=<i  Indong  those  ciises  in  which  a  healthy 
bnihknd  contriicta  tuberculosis  from  a  consumptive  wife,  or  vice  versa. 
It  muHt  bo  l»onie  in  mind  that  not  ordy  is  the  actual  expectoration  of 
ircidous  i«uients  infective,  but  {KU'ticles  of  mucus  exiwlled  in  the  act 
teutighing  also  contiun  virulent  bacilli;  the  '*sprj»y"of  the  cough  is 
an  im[)ortant  source  of  iofectiun,  especially  in  advanced  cases  of 
lontkry  tuberculosis. 


afo 


SrSTEJir  OF  MEDICINE 


2.  Tilt  nuik  from  eattio,  the  subjects  of  tulrarculoaU  of  the  inl 
organs  and  of  the  nHder,  if  conanmed  in  the  mw  stiite,  is  another 
of  infection.  When  the  udder  is  not  diseased  the  ndlk  is  not  infccti' 
and  never  conbiiris  tubercle  bacilli  ;  although  it  must  be  rememU'r 
that  tuberculosis  of  the  udder  may  supenene  at  any  time  in  a  tubercult 
oow.  KxperinientJiUy  this  has  been  detiiiitol)'  proved.  With  the  m 
of  eight  cows,  the  anhjecU  of  Uiherculoais  in  vwying  degrees  fmin  a  Vf 
slight  amount  of  disease  to  advanced  and  generalised  tubert'ulo&i.s,  I 
withoul  disease  of  the  udder,  twenty  six  animuls  (rodents)  were  inocuhit 
and  forty-one  animals  (guinea -pigs,  pigs,  and  nibbits)  were  fe<l ;  ik 
develo|)cd  tuberculosis.  On  the  other  hand,  when  the  udder  ia  disea 
the  nnlk  usually  contfiins  tubercle  bacilli,  which  nvo  discoverable  flj 
microscopical  examination.  If  the  disease,  however,  be  not  fai*  advdj 
it  may  bo  difficult  or  impossible,  Avithin  practical  limits,  to  di«| 
tubercle  bttcilli,  altlumgh  these,  ivj  shewn  by  the  residts  of  inoculal 
and  feeding,  are  present.  Thus,  to  (juote  the  experimental  results:  J 
the  milk  of  five  tuberculous  cows,  suffering  from  tuberculosis  o4l 
ifiternal  urgiins,  varying  in  degiee,  and  with  varying  degrees  of  ttx 
culosis  of  the  udder,  twenty-one  Huimids  were  inoculated — all  devfl^ 
tnberculosis ;  twentysevon  animals  were  fed — nineteen  developefl 
diseaM*.  The  milk  given  by  such  cows  is,  therefore,  very  virulent 
must  be  considered  as  the  chief  mode  by  which  an  ingestion-tulMUx-ul 
occurs  in  man.  The  butter  made  from  such  milk  (even  when  <lili 
%vith  nornml  milk),  th»»  buttermilk,  and  skini-railk  are  also  highly  infect 
and  pHMluco  tuberculosis  l>otb  by  itioculation  and  I>y  feeding.  ■ 

Milk  is  a  source  of  infection  chiefly  in  children,  for  whom  in  thefl 
years  of  life  it  ought  to  form  the  chief  article  of  diet ;  to  the  ingestioi 
milk  are  no  doubt  to  be  Aseribo*l  h  large  proportion  of  the  cjwcs  of 
tostinal  tuberculosis  and  of  tubt-pculous  periUjriitis  that  occur  in  child 
In  some  instances  it  has  la^'ii  directly  shewn  that  milk  is  a  sourc( 
infection  in  chil'lhorKl  (Demmc),  proflucing  intcstin.'d  tulMmuIosis. 
cases  where  tul>erculosis  has  atffctcd  the  fir>cket  of  a  lost  tooth 
possibly  list^nluible  Ui  milk.  It  nmst  be  granto<l,  from  the  experii 
in  pigs,  to  which  allusion  has  iilrcady  been  nia<Ie,  that  it  may  likewise 
a  source  of  tuberculoiis  (scrofulous)  glands  in  the  neck.  The  sputum 
any  tuberculous  material  that  gets  into  tlic  mouth,  may  of  course  al 
these  glands  also,  and  children  crawling  about  on  the  floor  are  li 
get  their  hands  infected  ;  thus  tn)»ercle  bacilli  have  been  found  und< 
nails  of  .young  children  (I)ieudonnc),  The  pnictical  imiK)rtance 
a  mode  of  infection  is  difficult  to  estimate.  As  far  as  milk  is  conc( 
the  danger  is  no  doubt  diminished.  Itecause  in  large  towns  the  milk  ol 
the  cows  of  a  herd  is  mixed,  prorlucing  a  more  uniform  "|Uality, 
this  is  not  always  so;  the  milk  of  a  single  cow  is.  from  an  errom 
belief  in  it*  suiHiriority,  fre<inently  used  for  feeding  chihlren  ;  am 
when  such  milk  is  mixed  with  non-lid>erculouB  milk,  it  is  quite 
for  one  individual  to  get  a  sufficient  dose  of  the  ^-irtis  to  | 
tuberculosis.     Infection  by  milk  is  prevental  by  boiling  it  for  at 
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nimite.    As  snon  oa  tuberculous  cuttle  are  rigidly  excluded  from  the 

dury  it  can  scarcely  ho  doubted  that  there  will  be  a  great  diniiuulion  in 

i-r=:r,f  abflominul  tul^rciilosia  in  childnin.      The  proportion  of  primary 

;  iual  affection  iti  this  country  is  calculated  by  I>r.  Still  and  by  Dr. 

^      iMii  ;is  fipproxiuiJilely  30  per  cent.     In  tbe  Unitwi  States  it  is  appar- 

1:^  iiiiirh  lowxT  (under  2  pur  cent,  Boviiird),  and  also  on  the  cf»ntinent 

■1*  F.Hrf'pc,  Biwlcrt  finding  only  sixteen  cases  of  such  primary  disease  in 

.^104  AUtop«ie£,  and  Baginsky  fouling  to  find  among  033  ciisca  a  single 

imUtire  in  which  tlie  al>dominal  organs  were  nhme  alfectcd. 

3.  jT/k  fnmi  removed  from  tuberculous  cattle  is  infective  in  a  varying 
and  floniewhat  irreguUir  manner.  Kxperiment  \v.\s  shewn  that  the  in- 
I  -i  HI  i1epend.4,  not  on  tuberculous  lesions  in  the  muscular  tissue  itself, 
:  'I  the  contamination  of  the  meat  during  its  removal  from  the 
.:  -I-;  either  b}-  the  moiit  touching  a  tubnrculous  |)arl,  or  by  infection 
i;  >iii  ibc  butcher's  knife  or  cloth  which  baa  previously  incised  or  wiped 
I  tnlurculous  part.  Besides  this  suporficiai  contamination,  tn)>orculiMm 
gUwIs,  L'itber  the  luraUir  *)r  (Mtplit'eat  glatuls,  are  not  infrciiuontly  left  in 
Ihecarmse  when  sctld,  anrl  thcso  might  in  some  instances  be  imperfectly 
"ttkc<|,  and,  conun'ning  living  bacilli,  woiUd  when  swalloweil  be  a  sour-ce 
nf  diin^-pr.  Tuberculous  Idsions  of  the  miit^eular  tissue  itself  arc  extremely 
o-T,  awl  do  not  account  for  the  tubi^rculosis  which  results  from  the  in- 
itiori  or  feeding  of  animals  with  the  moiit.  The  results  of  exi>eriment« 
t  lo  lest  the  iiifectivity  of  meat  vany  be  fjuoted.  Meat  from  twenty-ono 
's,  which  were  in  vai7ing  stages  of  tuberculosis  from  mild  to  advanced, 
inoculates!  into  forty-eight  animals  ;  of  ihe?e,  ten  develope<I  tuber- 
lo^is;  102  animals  (guinea-pigs  and  pig;*)  were  fed  on  it,  and  six 
ifioped  tulxtrculosis  (S.  Martin).  It  is  thus  seen  that  raw  meat  is  a 
le*8  infective  material  than  raw  milk.  The  danger  of  meat  in  the 
iclion  of  tuberculosis  is  diminished  by  cooking,  since  by  any  mode 
'■"oking  —  whether  roasting,  broiling,  or  boiling — the  attrfacc  of  the 
is  raised  to  a  tcrapemture  which  is  fatal  to  the  tubercle  bacilli  con- 
iu  the  tubetcnlous  material  contaminating  it.  \ii\vr  meat  is  somo- 
^ven  mctlicinally,  and,  unless  precautions  be  taken,  this  may  be  a 
irw  of  tuberculosis.  The  more  julvanced  the  tuberculosis  of  the  cow, 
more  likely  is  the  moat  to  be  infective  ;  therefore,  no  mcati  ought  to 
food  from  a  cow  in  which  the  anatomical  distribution 
that  it  hiw  liecorae  genondised. 
Tnborculous  pigs  constitute  a  K[M!cialiy  dangerous  source  of  f<K)d,  since 
i«e  animals  the  disease  is  apt  to  become  generalised,  and  it  is  ditlicult 
^pamte  the  infected  from  the  soiuid  {xirts  of  tlie  c<'t,rcase. 

Tufrrrruhu^  orgnns  or  iubfrc^tloiis  poih  removed  by  operation,  as  well 
the  normal  excreta  from  orgjins  which  arc  the  seat  of  the  (lisease,  may 
sources  of  infection  in  tnlK.*rcuIi>ai«.     Organs  from  the  slaughter-house 
given  to  animals  may  produce  tuberculosis  in  tbem.  and  all  tnberculous 
part*  when  dritd  may,  like  the  sputum,  be  sources  of  infection.     All  such 
ought  either  to  be  destruyetl  by  heat,  as  in  the  case  of  solid  organs 
pims,  or  rendered  sterile  by  antiseptics,  as  in  the  case  of  urine  and 
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faeces ;  these  precautions  would  prevent  at  least  some  of  the  cases  of 
tuberculosis  in  Jinimal^,  and  |msHil)ly  in  man  also. 

Preventive  Measures. — It  is  evident  from  what  has  been  said  of  tiie 
souiTCS  yf  infection  that  they  are  all  prevenlible.     As  rcgHrds  the  milk 
and  the  mi-at,  public  rt^gulations  for  Limiting  the  supply  of  milk  to  lh»t 
from  hesilthy  cowa  alone,  and  for  preventing  the  sale  of  meat  from  cattle 
in  an  advanced  stage  of  tuberculosis,  are  necessary  ;  and  woidd,  no  duiilKt 
in  time  rumovo  meat  and   milk  from  the   list  of  sources  of  tiibercxUoo* 
infection.     Public  rCf^uUtions,  however,  develop  slowly,  arid  not  inire- 
iiueiitly  are  imi>erfectly  canied  out ;   but  as  regaitls  milk,  tubei-culfn* 
infection  is  so  readily  df^troyod  by  Ixiiling  that  this  ought  to  !«  done  »» 
a  precAUtionjiry  meiisure  by  eveiy  houaeholder.     Similarly  with  the  meat 
from  tulwrculoua  cattle,  to  sterilise  the  surface  would,  in  the  majority  oC^ 
instances,  bo  sufficient  to  destroy  the  infeotivity  of  the  material.     l*b 
destruction  of  tu^wrculoua  organs  removed  in  the  slaughter-hou«e  ough' 
to  be  comjHiUor}',  an<l  such  organs  ought  not  to  he  used  in  any   wa 
whatever.     No  pjirt  of  the  carc:i.se  of  a  tuberculous  pig  shotOd  I*  asc 
for  food.      Efficient  inspection  of  all  moat   intended  for  sale  must 
carried  out,  and  it  has  been  suggested  that  fixed  stations  should  lie  cstu 
lishcd  for  the  examination  of  all   meat  brotight,  for  instance,  to  Londo 
the  introductioti  of  meat  by  other  routes  being  prohil>itod.     Stringent 
supi^rvinion  of  all  slaughter-houses  is  absolutely  essential,  and  the  su 
stitution  of  public  almttoirs  for  private  yards  is  urgently  called  for, 
the  only  means  of  rendering  sxich  supervision  possible. 

The  destruction  of  parU  removed  by  an  oi)eration  is  usinUly  effectivel 
performed ;  when  preserved  in  alcohol  the  tubercle  bacilli  are  killoii.  an 
when  not  preservwl  the  parts  are  usually  biirnt.     The  urine  can  only 
a  source  of  infection  in  tuberculosis  in  rare  instjinces ;  but  it  is  evident 
(inasmuch  as  intestinal  tuberculosis  with  diaiThoni  is  so  common  an  in* 
fection  both  in  man  and  animals)  that  the  fffces,  after  drying  in  the  «tall|^ 
or  after  contaminating  the  l>ed-pjui,  nuiy  frequently  be  a  source  of  infectioi 
In  the  cose  of  human  beings  the  use  of  antiseptics,  such  as  carbolic  aci 
or  hydrochloric  acid,  is  sufficient  to  destroy  the  infection ;  and  cattJi 
when  they  come  to  the  sUtge  of  an  exhausting  diarrhc^na  due  to  intesti 
tutierculosis,  ought  to  be  slaughtered  and  the  stalls  disinfected.     LasOjr, 
the  sputum  is  a  preventiblo  source  of  infection.     No  state  regnlati 
will  make  i)eople  careful  in  the  disposal  of  tul»erculous  sputum  ;  but 
soon  as  consumptive  individuals  arc   educated  to  understand  that  th 
sputum  which  they  bring  up  from  the  lungs  is  a  source  of  danger  n 
only  to  those  sunounding  them,  but  to  themAolvee,  and  that  the  dan 
can  be  obviated  by  a  very  little  care,  protautionary  measures  will,  n 
dotibt,  be  t'lken  by  these  persons,  ami  in  this  way  the  most  common 
cause  of  pulmonary  tuborculoBis  will  be  prevented.     Patients  with  pul- 
monary tubercidosis  should  be  mstructed  to  occupy,  if  possilile,  separate 
bedrtioms ;  to  cough  oidy  into  n  special  handkerchief  which  can  be  dailyj^ 
disinfoGted  or  destroyed  :  to  use  a  special  receptacle  for  the  cxpoctonM^^ 
tion,  which  must  bo  carefully  sterilised  ;  and  to  avoid  kissing  tho  mombon 
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of  thrir  fiimiUes  on  the  lips.  Tbo  neceeeaiy  instructions  and  advice  may 
bo  given  either  by  speciftl  Health-visitors  or  by  leaflets  distributed  at 
biMpiuU  And  difi|HinAirie_H. 

A  sfriotis  dftu^ii-r  undoubtediy  arises  from  cases  of  advanccfl  tul>or- 

cqIosIs  <»f  the  hinp*  (xxnirring  in  poor  peraons  who  cannot  receive  due  care 

lad  MAiffiance.    iUi^pitalA  for  such  cases  shouUl  lie  provided  hy  iinitiicifKil 

Mtbnritios,  just  as  they  are  now  provided  for  the  acute  infoctivo  fevers. 

To  IncilitAte  mtwisures  of  isolation  and  disinfection,  as  well  as  tlie  dis- 

•emiiution  among  sutferera  of  knowleilge  as  to  the  nature  of  the  risks 

'  ii  tlvf^i,  rtnd  of  the  measures  to  Iw  adopted  to  obviate  them,  compulsory 

"•'  I'viTioti  of  the  disease  to  tlie  He;ilLh  Authority  should  l>e  instituted, 

I  h'.'ing  ti\ken  to  adapt  the  measures  t;ikcn  to  the  re«l  needs  of 

h-  ..Ls.'.  avoiding  Jiny  unnecessary  disturbance  of  family  relations  and 

iht  tToition  in  the  mind  of  the  public  of  any  exaggerated  fear  of  the 

Amta^onsuess   of  tuberculosis.     Rooms  which   have   been   occupied   by 

pitieiittt  dying  of  consumption  shouhi  be  carefully  disinfected. 

Thhorcuhwis  is  not  a  dis4'a3e  in  which  the  infective  agent,  the  tubercle 
•cillna,  is  so  widely  distributed  thut  no  precautionary  measures  are 
traiUble  against  its  sjireacl  and  its  invjLsion.  The  UicilUis  is  not  a  sapro- 
^yta.  It  exists  onlj'  in  tnltorcnlous  lesions  and  in  the  products  of  their 
^Agienemtion ;  thus,  in  the  human  being  tuborculotis  infection  tends  to 
IfBCome  limited  to  places  inhabited  by  consumptives;  and  in  cattle  it  is  a 
dnaue  of  the  stall. 

Iniinunlly  is  either  natural  or  acquired.  In  tuberculosis,  under 
<*rtaiii  conditious,  there  is  ;i  i-elative  local  immmn'ty  of  some  tissues  and 
wgaaa  which  prevents  their  iuva'^inn  by  the  disease.  There  is  a  natnml 
nonimiity  both  in  some  men  and  in  some  animals;  thus  ceruun  nices  of 
Wttfikind  ('.ff.  Jews)  suffer  comijanitively  little  fmm  tubercul<jeis,  juid 
•otno  species  of  animals,  such  as  the  Carnivora  in  a  \vild  state,  never 
cxhilat  spont^ineoufl  tuberculosis. 

£/irui/  J'niituuitif  of  Tissue's. — This  has  already  liecn   intiicated   in  dis- 

RUsing  the  parts  most  freciuently  affected  by  tulwrculosis,  but  there  are 

wtain  parts  ao  rarely  artecte<i  by  the  disease  that  they  may  bo  considered 

MlimiUy   immune.     When  tubercidosis  affects  man  or  animals  it  is  a 

Itxal  disease,  inasmuch  as,  however  many  ]»art8  may  be  aflected,  only 

tfauM  {KUta  th;tt  contjun  the  lesions  are  infective,  and  each  focus  of  disease 

hiia,  so  to  5|>eak,  a  scptimte  exi^tcuco  and  course  of  its  own.      Parts  of 

ihe  human   l>eing  wliiih  are  relati\ely   imnmno  to  tul>crculosis  are  the 

mucous  membranes  of  the  mouth,  pharynx,  icsophagns,  stomai^h,  and  first 

part  of  the  durHlcnum.     Not  tluit,  tuberculoBis  has  novor  been  observed 

ID  these  parts,  but  it  occurs  very  mrely,  and  only  in  advanced  cases  of 

the  disease.     The  absence  of  infection  of  thv  pharynx  and  cc^ophagus  iri 

tuberculosis    is  to  1h:   explained   by   the   rapid   passiigo   of   the   infective 

material   through    them    in   swallowing,   the    mucous    membrane    being, 

moroover,  protected  by  stratiHed  epithelium.     In   the  stomach  and  fii-at 

part    of    the    duodeiuim    the    hydrochloric    acid    in    the    gastric    juice 

prevents  the  development  of  the  tubercle   bacillus,  and   may  even  be 
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fatal  to  it.  MuBcultir  tissue  is  rarely  affected  by  tuberculosis,  aiul 
this,  apiin,  i8  })crlmps  to  be  ascrilHsd  to  the  uoiil  which  is  formed  bj> 
tho  niLiHclcs  ilutiiig  ihcir  contrnction  ;  in  an  acid  medium  the  tu>»ercle 
bacillus  cannot  ^(roH-.  Tuberculosis  of  muscle,  however,  docs  cH.'cnr,  W 
only  in  lulvancod  aLsea  of  the  diRnase,  and  chielly  in  iiiiiinaltn.  IIk 
thyroid  gland  ia  another  part  which  ia  very  rarely  infected  Kt'ioreuet 
has  already  been  made  to  ihe  rcdative  immunity  of  the  kidneys  in  cans 
of  oxjMtrinienlal  tnlKTcuIusia  in  giiine;i-pi^.  In  rabbii^,  on  the  otbci 
iuind,  the  kidneys  arc  fre<|uent!y  nH'ccte*!  in  generalised  tulwroulosis,  uk 
they  are  ulVecte*!  in  cattle,  pigs,  and  other  animals,  as  well  as  in  mjin. 

TmiitHuiii/  fo  Xnturai  Tufifrnilosis  is  only  a  i-elative  tfirm  ;  it  docs  no 
mean  that  the  diaeaae  cannot  be  convoyed  to  animals  by  inoculation  o 
feeding.  Animals  differ  in  the  frequency  with  which  they  are  natiir.ill^ 
liable  to  the  disctse,  and  in  their  resisLince  agninst  tho  inocutatioi 
of  tuberculous  material.  Tuberculosis  ia  a  natural  disease  in  man,  cflttl* 
pigR,  an<l  lurds  in  a  state  of  domesticity.  It  is  rare  in  Bheep,  pwili 
ttorses,  dogs,  and  cats.  It  is  il  disease,  tlicrcfore,  of  man  who  lives  t 
houses,  and  of  cows  which  are  kept  in  stalls.  In  spite  of  the  hig 
morUility  cauKed  by  tuberculosis,  niiuikind  appears  to  be  somewhat  ri 
frnctory  to  the  infection.  Thus,  healed  tuV'rcnlous  lojiions  are  common! 
found  at  necropsies  on  jieraons  who  have  died  from  other  causes.  she\»'iii 
that  Kpontaneouti  cure  freipiently  tJikes  place;  indee<l  Nae^'eli  »tJktcs  thj 
the  boilios  of  all  persons  over  thirty  years  of  age,  if  completely  examinei 
shew  trace*  of  some  tnlwrculous  lesion.  In  view  of  this  observation,  an 
of  the  good  effects  pnjilucerl  in  tuberculous  subjecta  by  such  conditions  i 
an  open-air  life  and  plentiful  fectling,  as  well  as  of  tho  influence  of  i 
sanitary  surroundings  in  producing  the  disciise,  it  seems  probable  that  : 
Jill  ideal  hnuuin  eoniiniiriily,  the  members  of  which  were  adeipiHtely  U 
and  clothed  and  lived  healthy  o[)en-air  lives,  obeying  the  elementary  lav 
of  sanitjition,  the  mortality  from  tuV)ereulo8is  would  be,  if  not  entire 
extinguished,  at  least  i*educe)I  to  an  int<igriitic:int  figure. 

In  cattle  the  disease  is  very  frequent  in  cerUiin  places.  From  10  ) 
20  per  cent  of  all  cows  show  tuberculosis,  the  degi*eo  of  prevalence  var 
ing  in  iljffereut  parts,  ami  to  some  extent  according  to  the  breed  of  tl 
cow.  Thus  in  Denmark  31  per  cent  of  cattle  were  found  U>  rejict  t 
tuberculin,  in  Sweden  12  per  cent,  in  Belgium  (iO  per  cent,  but  i 
Norway  only  ft  per  cent.  In  (lerniany  the  pn:iiH)rtion  varies  aceordit 
to  locality  between  37  and  97  per  cent.  Tho  Ik-rlin  slaughter-hous 
recorded  in  1899  a  proportion  of  rather  less  than  20  per  cent  of  uOte 
ciilous  uniimds.  Among  cows  alone  in  Saxtiny  the  ratio  incrcHses  wil 
the  age  of  the  animjjs,  99  per  cent  of  all  those  over  four  ycirs  exhibiiii, 
some  tuberculous  lesion.  In  Jaium  tuberculosis  is  rare  among  cattle,  thoug 
common  among  nuirikind.  Diiiejiae  of  the  udder  is  not  a  very  commc 
man i recitation,  occurring  in  perhaps  I'n  ixjr  cent  of  all  infected  aninia 
{Dollar).  Pig*  come  far  Iwhind  cattle  in  their  su«ccpcibility  to  lUitun 
tuberculosis.  Out  of  336,973  pigs  slaughtered  in  Saxony  in  !?9l  | 
country  in  which  bovine  tuberculosis  is  very  frequent)  only  0'28  per  cei 
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tuberculous.     In  CopentuigtiM,   however,   the  percentage  of  tuber- 

)ittswiuo  was  15-8  in   1890-93,  and  in  Berlin  1*55  in   l8i)3-93.     In 

iw  (1904)  424  per  cent  of  pigs  were  found  to  bo  tubercidona.     In 

Netberbtnds  (1903-4)  the  prop<»rtion  was  lo  per  rfiit,  and  in  «omo 

{■ru  of  (lornmny  u  percentage  of  579  was  recorded  (Huchanim). 

Ib  Jwjtony,  ont  of  85,701  sheep  slaughtered  in  lt*yi,  30  were 
tnbcToiloiis,  or  0"035  percent,  Jn  Copenhii|ien  the  percwitji^o  (1890-93) 
WM  0OOO3,  and  in  Berlin  (I89:i  93)  000U3.  Horses  very  rarely  con- 
incl  tuberculosin,  and  doga  and  cats  still  more  niroly.  Goats  are  not 
ijiiuiuitc  to  ibe  ditii'a^e — a  point  of  some  iiuportaiico,  ]^*ciug  that  their 
milk  i*  iiot  infre<]nently  used  for  feeding  infants.  Eichhoin  found  that 
la  5  beni  of  twenty-eight,  iiinctt'en  iwiinials  rcicted  lo  tuberculin.  The 
donatic  camivora — dogs  ;uid  eats — vary  somewhat  in  this  respect.  An 
•Huh  flog  will  resist  the  subcutaneous  injection  of  an  amount  of  tuber- 
nJotu  material  which  would  produce  gonoraliged  tuberculooio  in  a  rctdent 
arinamw;  no  looid  lesion  is  protluceil  in  the  dog,  which  retiiins  its 
btahli.  On  the  other  hand,  tuberculosis  can  be  transmitted  to  doga  by 
Ur  liitniveuous  or  intraperitoneal  injection  of  a  large  quantity  of  luicilli. 
Similw  reiuarkfi  i^pplv  lo  adtdt  cats  ;  but  kittens  are  readily  infected 
^  lite  disea&e,  either  by  inoculation  or  b\'  feeding  with  tuberculous 
Of  sdl  the  domestic  aniinala,  thereiore,  caniivora  shew  tho 
TPsistauce  to  the  development  of  tuberculosis  experimentally. 
inQIgreuter  ininninity  is  possessed  by  the  Algerian  mt,  already  referred 
h«  This  animal,  although  it  does  develop  LuberculosiK  after  iniKulntiun, 
foe»  for  seven  or  eight  months  ;  and  when  killed  and  examiniHl,  wcll- 
Wtfkod  retrogressive  changes  are  found  in  the  tuberculoua  lesiunis.  The 
*^ft>Unoe  exhibited  by  fowU  against  the  inueulation  of  human  tuber- 
QiloDt  material  has  been  pointed  out.  It  is  also  difficult  to  produce 
ipnemUsed  tuberculosis  in  guinea-pigs  by  avian  tuberculous  material, 
«gh  this  difficulty  d'jes  not  exist  in  mbbits. 

lALWi  of  Immunity. — It  is  evident  from  what  hiis  hern  said  that 
I  of  immunity  is  as  difficult  of  expbination  in  tuberculosis  us 
t*  in  any  other  disease.     The   nature   of   the   discisc  ^uggest^   that 
ti»iie^cell$  play  an  important  part  in   the  cunllict  with  the  bacilli, 
Bchring's   researches   support    this   opinion.      On   the   other   hand, 
"hniknff  emphfisiscfl  the  work  done  by  leucocytes  in  de\ouring  the 
(phugocyioais),  and  Sii*.  A.  K.  Wriglit's  researches  on  Ojisonins  [ridr 
')  ba\e  thrown  a  gleam   of  light   upon   thi.s   factor   in   immimity, 
;n:ulous   persons   may   ixjssess   in   their   blorKi   either   more  or   less 
litis  than  normal  individuals.      How  far  this   phagocytic  process 
pMent*  the  essential  factor  in  immunity  is  yet  uncertain,   but   the 
>uic  itidex  ap])ears    to    run    juindld  with    the    agglutinative    power 
scrum,  and  to  constitute  a  measure  of   the  resistance  of   ilie 
dual 

JriijiaaJ  ImmunUt/. — Attempts  to  increase  the  resisUmce  of  susceptible 
lo  tuberculosis,  by  means  of  inoculation  of  the  bacUli  or  of  their 
1,  have  been  made  by  many  workers  in  the  field  of  l>acteriology. 
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Thus,  Koch  has  claimed  to  produce  immunity  by  injections  of  bis  cai 
ciiUnn  find  of  an  emulsion  of  the  ba^-illi,  Bfhring  by  inoculation  \nth 
sulwtJiiice  of  liHoilli  which  have  been  dt^privcd  of  their  toxic  prop«>rlics 
extniction  with  ether  and  other  i^eagents.  Moeller  and  Friodmann  luivi 
iminuniaeil  guinea-pi^s  by  injection  of  Ijucilli  derive<l  from  cold-bloodt 
aninuils  ;  and  in  cattle  nomo  degree  of  ininnmity  ia  produced  by  inocuUtic 
with  bumiin  bacilli.  On  account  of  the  risk  involved,  few  attempU  hAv 
been  maiie  to  create  artificial  immunity  in  man,  except  by  Koch'i 
pre|>arations ;  hut  Marapliano  ha-s  inje<;tcd  dead  l>acil!i  subrutaneuttid 
and  iisserta  that  he  lias  produced  increased  resistance  bj*  this  means ;  Aui 
Klemporer  has  inoculated  himself  and  others  vnth  linng  bovine  biicit 
without  further  ill  ell'ect£  than  &  local  sore  C^lmotto  &nd  GuAriu  fii 
that  oral  administintion  of  dead  bacilli  is  capable  of  producing  immunity 
in  aniinaU  j  and  .suggest  that  chihlren  might  be  similarly  pnitecletl ; 
V.  Behring  has  n*(:cntly(  1905)  hold  out  hopes  that  his  i)repanition('*ttdMe' 
may  be  applicable  to  mankind,  but  the  dctiiils  are  not  yet  published. 

The   etiology  of    tubercidosis   is   centred    i-ouiid    the    Ih^ilin.t   tubfr^^ 
eulosis ;    whoro  this  does   not  outer  the   body   no  tuberculosis    can 
manifci^ted,   and  the  other  diseases,   which   have  just  ^wen   cnnsidci 
oidy  difl{>(>se  to  the  reception  and  implantation  of  the  raicro-oi-gani 
from  the  environment. 

Although  tubeiculosis  is  most  frofjuent  between  the  i^es  of  fift 
and  twentj'-live  ,vear8,  it  may  occur  at  any  ftrritnl  of  life.  It  is  aai( 
indeed,  that  at  every  ttge-poriod  the  ratio  of  deaths  from  consumption 
the  total  number  of  pereoiis  living  at  that  age  remains  curiously 
staiit  (T.  D.  Listiir).  In  rare  instances  tulmrculosii  may  be  congenit 
— passed  on,  that  w,  from  the  mother  to  the  fauus  when  the  mother 
tuberculous  and  the  placenL'L  is  atlect^id.  In  childbooti  und  adult  life  ll 
diseaHO  is  always  an  infection,  luit  may  be  infhionced  in  some  cikses  by 
inherited  condition  of  bo<ly.  How  far  Artrt/i7y  cons  pit  va  in  iho  producti< 
of  tuberculosis  it  is  im[X)ssiblo  to  s:iy.  Sevciul  members  of  a  family,  tl 
oifspring  of  tulwrculous  pureritH,  may  exhibit  the  diseJiso,  but  this  is 
strong  argument  in  favour  of  the  inheritance  of  what  has  been  called  tl 
**tuh*,'r<'ular  diathesis  "  ;  if  mumbors  of  a  family  live  togetlier  and  die 
successively,  the  family  is  constantly  surroumied  by  infective  niato! 
the  danger  of  which  is  unappreciated :  it  may  well  l>e,  then,  that  manj 
cases  of  so-called  heredity  are  only  cases  of  infective  surrounding 
Noverthelww,  noteworthy  instances  occur  in  which  many  meml>ers 
a  family  scattered  over  the  world  succumb  to  the  disease,  so  that  soni 
special  susceptibility  ;ippe:irs  to  exist  in  particular  htiniiin  stocks, 
determining  the  question  of  heredity,  not  only  must  inherited  defects 
the  structure  of  the  thomcic  walls,  of  the  lungs  themselves,  and  of  tl 
heart  l)e  taken  intu  account,  but  also  the  mode  of  life,  and  the  inf1uou( 
of  surroundings  on  the  indindnal 

Tuberculosis  is  a  disease  which  affects  the  serrs  eriually.  Pteynan: 
in  some  iiisi^inces^  delays  the  progress  of  the  disefise,  which,  liowev< 
often  increases   rapidly  after  confinement,  because  lactation  is  beyoi 


tkii  powers  of  the  patient.  Climate  and  conditions  of  ml  have  but 
Httk  influence  on  the  development  of  ttiberculoais,  ulthoii<;li  dniinagu 
htt  been  shown  to  have  an  inHuencc  on  tho  rooriality  from  tho  disetue 
(Bncluman). 

Sjttic  of  the  pri!Ki[>:d  factors  in  luidermiiiing  the  natural  rcsistanco 
o(  mankind  tu  tuberculosis  can  bo  readily  indiuiluii. 

Up  effect  of  alcohol  on  the  body  inufit   bo  one   of   those,  since 
ID  ihoM  suffering;   from   the  abuse  of  alcohol    tuberculosis    is    not   an 
BBcmnmon  dise^me,  and  ninn  a  rapid  courKt;.      Syphilid  is  another  iJisenHe 
•h:cli  diminishes  the  rcwsUnce  to  lubcreiilosiB ;    and  also  diabetes,   in 
uhii'li  tiilMrculusia  ia  not  unconimonly  the  caUHe  of  death.      In  cancer, 
«t  »lLttltfVt.T   (Kut,  a  tuberculous   lesion  in  the   lungs  is  very  common. 
Obwloecent  or  retrograde  tulwrde  in  the  lungs  occurs  in  about  nine  per 
cent  uf  ftU  necropsies,  and  of  theae  cancer  occurs  in  by  far  the  largest 
importioa     In  J>r.  Fowlers  statistics  they  form  alinut  twr»-fiftha  of  the 
caj«i,iinii  in  Dr.  S,  Martin'tt  about  two-sevenths.     These  statistics  were 
oteined  from  the  Aliihllcscx  Hospital,  where  a  lari^e   number  of  cases 
rf  oncer  die  every    year.      In    Hoitler's    statistics,  obtjiined   from   iho 
I'aiIiol()j:ical    luHtitutc  of  Vienna,  the    proportion  of   cases   of   obsolete 
ben-ltf  found   in  cancer   wai;    oue-suventh    of  all  cases  exaniitKMl  post 
In  cancer  pulmonary  luberculosit  is  rarely  in  an  active  state, 
Mt  always  retrograde  ;  and  ci>iisidering  its   froqnency,  it  may 
that,  although  the  comlition    induced  by  c^mcer    tunds   to  the 
vtrwm  of  the  Itody  by  the  tubercle  bacillus,  it  is  not  fuvourablo  to 
<)iread  of  the  disease. 

CwtgenitAl    malformation   of   the    heart,   especially   stenosis    of    the 

onary  artery,   is   a    potent  disposing   cause  of  tu1>ercuhDsis  of  the 

Mitr»l  stenosis,  on  the  other  hand,  is  sjiid  to  co-exist  very  rarely 

Burh   aHectioii,    but    it    ib    certainly    not  an   absolute    luir    to    the 

rreitce  of  conaximption. 

fonrlitions  of  fliminished  resistance  to  the  disease  are  also  obaer\*e<l 

fiidinduals  who  may  be  said  to  l>e  genci'ally  non-resistiint  to  infective 

;  those,  for  example,  whose  bodily  health  is  diminished  by  worry 

ive   work,   insutKeient  exercise,    hfe    in   a   close   utnn»H{jhcre, 

or  insuSicient  food  ;    those  who  inherit  from   their  ancestors  a 

••fcun  weak  condition  of  ImmIv,  and    thtise   who  are   readily  affected  by 

«kiage»  of  temijerature  or  by  changes  in  tnoiic  of  life. 

FThere  can   be   Httic  douf>t   that   previous   injury    to    a    part    is   in 

cases   favourable   to   the   inva.^ion    of    the   tubercle   Imuiltus ;    but 

lie  Idnd  of  iTijury   is   difficult   to   8i>ccify.      In   the  c»iae  of  pulmonary 

tnl-       '  ibe   di-sease    not    infrequently    appears   after   mcjislc?   and 

»l  :j;h,  in   both   of  which  catJirrh  of  one  or  other  putt  of  the 

raLory  tnict  takes  place.      Similarly,  the  itdialation  of  certain   kinds 

uit  (vegetable,  animal,  or  mineral),  by  inHicting  an  injtiry  on  the 

Iltng,  may  lie  considered  to  dispose  to  pulmotiary  tuberculosis.     But  this 

agvncy,  again,  is  extremely  difficult  to  determine,  inasmuch  as  if  dust  be 

tobaled,  u  it  usuuUy  is,  in  the  company  of  f  el  low-workpeople,  and  not 
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uncommotily  in  a  close  atmosphere,  it  is  just  as  possible  that  the  ii 
tiou  of  dust  IB  not  simply  the  iiigosiioii  of  nietiillic  or  other  particlw.  bnt 
also  dried  sputum  which  has  come  from  h  cotisumptivo  fellow-workt^r;  so 
that  the  question  would  not  be  ono  of  prc\'ioua  injury  to  the 
airec'ted,  but.  orit'  of  direct  infection. 

Pathological  Diagnosis.— Tito  {lathological  diagnosis  of  tubervtilusia 
depuiiJa  partly  on  the  structure  of  the  tulwrculous  lesion,  and  partly  on 
the   distribution   of    the    lesions   in    the   person  or  aninuil  afflicted.     A* 
regards  the  anatomy,  there  is,  M'ith  the  exception  of  the  presence  of  the 
bacillua,  no  element  in  the  structure  of  the  tuberculous  lesion  which  ii 
diagnostic  of  the  disease.    Thus,  the  presence  or  abeeuco  of  the  epithvlioi 
cells  is  not  a  characteristic  of  tubercle,  nor  is  the  presence  of  giant^elU' 
Epithelioid  cells  nuiy  be  absent  from  a   tulierculous  lesion ;   and  gian* 
cells,  although   more   numei*ous   in   tubercle  than   in   other   lesions,  are 
found  normally  as  osteoclasts  in  lx)ne  which  is  l>oing  absorbed,  and  alw 
in  other  chronic   inHammatory  conditions,  such  as  syphilis,   in  nndali 
formed  lound  foreign  l>odiea,  and  in  some  forms  of  sarcoma.     Necrosis 
the  central   part  is  not  characteristic  of  the   tuberculous  lesion,  as  tii 
may  occur  in  cases  where  a  mucous  membrane  or  an  organ  is  invad«d  b 
other  forms  of  cocci  and  Kicilti.     Thiw  bacteriul  necrosis  is  fretjuenlly 
obser\'ed  in  animals,  anrl  has  been  observed  in  man  :    it  is  characterised 
by  the  presence  in  the  part  affected  of  whitish  or  whitish-yellow  nodulc» 
microscopically  consisting    of  a    round-celled    infiltratitin — a  leucocyti 
infiltration,   that  is — which    tuidergocs   necrosis  in  the  central   part 
practically  the  same  manner  as  in  tuberculosis.      The   name   ^'peem 
tuberculoais "  hjis  been  applied  to  such  cotuiitions  as  cloaely  eimuUi 
tuberculous  formations.     Small  nodules,  with  or  without  central  casea- 
tion,  may  be  caused  by  the    glanders   baciltus,  by  a   special  organism 
{b,  piftuii}-tuhfrciilo9i.i)f  by  some   varieties  of  streplothrix,  by  the   mould 
Aspergillus  furnvfutusy  and  by  certain  forms  of  yeast     In  sheep  and  pigs 
nematode  worms  (i^troni/yluii)  give  rise  to  nodules  in  the  lungs  resembling 
tubercles.       The    lesions   caused    by    the    ray- fungus   (uclitumitfces)   also 
present  some  Hkenoas  to  tuberculous  iniilti-ation  and  excjivalion. 

That  which  is  absolutely  distinctive  of  a  tuberculous  lesion,  and 
distinguishes  tul^rculous  necrosis  fiijm  other  forms  of  bacterial  necrosis, 
is  the  presence  of  the  bacillus  tubcirulosis ;  if  the  tissue  t)e  stained  in 
the  manner  directed  and  the  bacillus  fotutd,  the  lesion  is  tuberculous. 
Tlie  presence  of  uther  acid-fast  bttcilli  only  rarely  gives  rise  to  difficulties 
in  diagnosis;  but  in  lesions  of  the  urinary  organs  the  smegma  bacillus 
may  be  a  cause  of  eiTor,  and  occasionally  similar  organisms  have  been 
found  in  sputimi  and  in  the  pus  from  abscesses.  As  a  rule,  these 
bacteria  are  decolorise^l  by  treatment  with  absolute  alcohol,  and  they 
are  less  resistant  to  strong  acids  (30  per  cent)  than  the  true  B.  tithrr' 
fiulositt.  Inoculation  of  animals  will  satisfactorily  estaliltsh  the  nature  of 
such  organisms.  A  mixed  infection  may  occur ;  that  is,  there  may  be  a 
tuberculous  infection  producing  its  characteristic  lesion,  and,  in  addition, 
an  infection  by  other  forms  of  bacteria — for  example,  streptococci;  in 
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dm  cue  both  tiie  bacillus  tuberculosis  nnd  the  other  forms  of  liaoteria  nre 
biDiiin  the  necrosed  tissue  and  nnmng  the  leucocytes  surroundiug  it. 

Tlie  Bccoiid  point  by  which  tu^ierculoKis  may  be  diagiiOBt'd  is  the 
tiiilribution  of  the  lesions.  Although  l1i<'  dis^tribution  voiics  iu  iiidividtial 
<inc,u  the  tuberculosis  is  loculisod  or  becoming  generalised,  yet  in  every 
CM  there  is  evidence  of  infection.  For  example,  taking  the  local  tuber- 
ealofii  of  the  lungs  ns  it  occurs  in  man,  there  is  the  older  lesion  at  the 
,^iQx  of  the  lung,  and,  spre^uling  from  this  towiirds  the  bjiso  of  the  lung, 
tltcre  zre  numerous  recent  lesions  in  the  form  of  the  granulomas  which 
m'  diagnostic  of  the  disease.  Again,  in  ulceration  of  the  intestine,  it  ia 
not  80  much  the  transverse  direction  of  the  ulcers  and  their  occurrence  in 
tbtf  lover  part  of  the  ileum  which  establish  the  diagnosis,  as  the  presence 
iifniilijirr  tubercles  in  the  base  of  the  ulcer  or  beneath  the  peritoneal 
oai.    And  so  with  the  other  forms  of  local  tuberculosis. 

STinptoms  of  Tuberculosis. — It  is  ditficult  to  tlescriho  the  symptoms 
of  ml^emilosis  \\&  a  disease,  inasmuch  fis  thoy  are  complicated,  and 
In-iineritly  obscured,  by  the  special  symptoms  which  arise  when  tul»er- 
'u[(«i&  alTecUs  an  important  i>art.  In  common  with  other  infective 
'JisoHers  it  is  a  febrile  disease,  and  it  is  known  from  experiment  that  it 
h»»ii|H-riDd  of  incubation.  This  is  not  observable  in  man,  injutniuch  as 
th«  lttion«  of  tubereuloBiB,  giving  rise  to  few  symptoms  and  physical 
-"  .';  the  early  stAgea,  are  not  discoverable  till  some  time  after  they 
'•   iiied. 

A*  regards  symptoms,   tuberculosis  may  lie  described  as  a  chronic 

fi»fanlt)  disorder,  associated  with  wasting  and  frci:jitently  leading  to  death. 

Theirver  varies  greatly.     In  rapid  and  advancing  cases  it  may  bo  high 

Mid  mnlinuous  for  a  long  period.     In  cases  which  advance  less  rapidly 

It  mar !«  a  typicjd  hectic  fever,  with  an  evening  rise  and  morning  fall. 

variations  l)etween  hectic  and  continuous   fever  are   observed.     In 

r  chronic  case*  {and  these  are  the  most  important,  because  of  the 

<hlBniIty  iu  their  diagnosis)  as  well  as  in  the  early  stages  of  cases  in  which 

t^wii*  great  resistance  to  the  invasion  of  the  disease,  the  fever  iMicoroes 

irftyuUr :  there  is  at  no  time  high  fever,  and  there  may  l>e  periods  of 

<oni|ilete  remission  ;  but  the  long  continuance  of  the  fever  leads  to  the 

Stffiirion  of  tubercle.     Tuberculosis  in  this  respect  fonns  a  marked  con- 

tmi  to  cancer.    The  fever  is  asisociated  with  wasting,  which  ia  frequently 

OOt  of  all  proportion  to  the  degree  of  it ;   and  is  most  pronounced  in 

taM  in  which  an  important  organ,  such  as  the  lungs,  is  ufiected,  or  when — 

JB  in  tuberculous  peritonitis  and  enteritis  \vith  much  glandular  affection 

— <he  aljsorption  of  food  is  interfered  with.     Tlie  fever  in  all  forms  of 

tahcrculoais  is  frequently  acconip-uiied  by  night-sweats,  occurring  in  the 

«riy  morning,  when  the  temperature  tiegins  to  fall.     The  sweating  at 

night  also  is  usiudly  out  of  all  proportion  to  the  degree  of  fever,  and  is 

due  to  the  general  condition  of  the  patient.     It  is,  however,  difficult 

rraine  how  far  the  sweating  is  due  to  the  action  of  pyogenetic 

isms  which  gain  a  footing  in  the  tuberculous  lesions. 

Besides  these  symptoms,  lubei-culosis  is  apt  to  produce  ansemio,  and 
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also  exerciftoa  a  profound  cffe<;t  on  other  organs  of  the  body.  Fttty 
change  in  ibe  heart,  Hvui-,  and  kidiicys  is  ol^sorved  in  advanced  chwi^ 
Lurdaccoua  change  in  the  ^plocn,  kirlnoys,  liver,  stttniach  and  intestJiii^ 
and  gastric  catarrh,  with  ftuictionid  disorders  of  intestiiud  digestion,  miy 
also  be  present. 

Into  the  }ihi/sirnl  sdyns  of  the  different  forms  of  local  tuberciitoflis  and 
thoir  special  Bymptonm  it  is  not  necessary  to  enter  here,  aa  they  ore  t\\Wy 
described  eUewhoro ;  but  it  may  be  remarked  that  the  ueverily  of  tbc- 
gonenil  >»ymptomMuf  the  didcase  dejiends  utmn  the  chronicity  ur  acuiene!v> 
of  the  aprofiding  tubereuloaia  ;  with  very  chrome  lesions  there  arc  but  few 
general  symptoms,  since  the  extensive  fibrosis  around  the  chronic  lesiott 
shuts  it  in,  preventing  abfiorption  of  tlic  toxins  which  produce  the  geiiunil 
syraptoms.  In  the  acute  lesion,  on  the  other  hand,  the  {roisona,  lieiiig 
rapidly  absorbed,  produce  severe  constitutional  symptoms.  Other  factor* 
necessarily  phiy  a  part  in  protlucing  the  severity  of  the  symptoms,  namely, 
the  general  condition  of  the  patient  and  the  presence  of  disease  elsewhere 
in  the  body. 

Diagnosis. — The  diagnosis  of  localised  tuberculosis  depends  upon 
combination  of  signs  pointing  to  disease  affecting  a  particular  organ,  wi 
the  general  syni|itoim4  alrw»dy  flcacriltcd — wjLRling,  irrcj;ular  fever,  ami 
night-sweiits.  Alisointo  confirmation  of  the  suapiciotis  thus  aroiis^wl  is 
only  obtain.iljle  by  the  discovery  of  the  tubercle  bacillus  in  the  discbarges 
from  the  lusion  or  in  portions  of  tissue  itmiovml  for  examination.  The 
recognition  of  tulicrc'iilosis  atfecting  the  different  organs  of  the  body  i-s 
discussed  in  detail  in  sfwcial  articles  in  this  i<ijfttm.  Hero  it  is  only 
necessary  to  allude  to  ccrtJiin  tests  applicable  to  all  forms  of  the  disease 
alike,  and  to  u  few  morbid  conditions  which  may  arouse  a  suspicion  of  the 
existence  of  some  deeply  seated  focus  of  tuberculosis  without  localiaing 
symptoms. 

It  is  now  generally  txscognised  tliat  Koch's  (old)  tuberriUin  nflbnU 
valiLible  assistance  in  the  diagnosisof  latent  tuberculosis.  In  the  difiappoini- 
ment  which  followed  the  exaggerated  hopes  excited  at  the  time  of  its  intnh 
duction,  undue  fears  were  excited  as  to  the  dangers  incurred  by  injection)^ 
of  this  substance,  many  authors  maintJiining  that  an  acute  outbreak  of 
tuberculosis  w;us  liable  to  follow  tliis  procedure.  Further  ex|)eriencc  in 
the  tLSC  of  tuberculin  has  shewn  these  feai-s  to  be  unfounded,  proWded 
that  rcisomible  precautions  be  adopted  in  administering  the  drug.  Small 
doses  should  l>e  employti<l  for  the  first  injections  (,V  ^  -1  milligramme); 
these  m<Ly  be  raised  to  a  maximum  of  5  mgr.  in  the  course  of  ten  days 
or  a  fortnifjht  if  no  reaction  occur  with  the  smaller  araount«.  Tlie 
couiBB  of  the  i>atient'8  tcm|>eruture  mu^t  be  observed  for  some  days  before 
the  tuberculin  is  adniiru'stered.  as  it  is  not  advisiible  to  make  tise  of  the 
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teat  in  cases  which  already  exhibit  a  range  of  fever  rising  to  lOO''  F.  A 
**poBidre"  reaction  is  manifested  by  a  rise  of  temperature  amounting  to 
2'5^  F.  This  generally  occurs  in  about  eight  t«  twelve  hours  after  the 
injection,  and  quickly  :snl)&id&4,  but  some  febrile  disturliance  may  remain 
for  the  next  two  or  thi'ce  days.   The  test  is  not  infallible,  a^  a  reaction 


m  occurs 


BOW  and  then  in  persons  who  have  no  tuberculous  infection,  especially  in 

fypbilitic  subjects.     It  appe:irs,  however,  to  be  correct  in  at  least  95  per 

«enl  of  cases.      It  must   be   borne  in   mind   that  a  reaction   (Inon  not 

RMemnly  prove  the  specific  nature  of  any  particular  focus  of  diacaso ; 

[or  exUDpIey  if  an  injection  be  administered  to  clear  up  the  iliagnoiiis  in  a 

am  of  arthritiii,   the   pnyicnce  of   IuKtouIouk   mediastinal   glands  may 

dttemine  a  reaction,  although  the  articular  lesion  is  not  tuberculous.     In 

lurhanwe  signs  of  additional  inHamm^itioii  niij^ht  be  expected  to  occur 

in  th<  affected  joinU  if  they  wore  the  seat  of  tuberculosis.     The  injection 

ol  tiibercub'n  i«  followed  by  some  symptoms  of  constitutional  disturbance 

— lieiwUrhe,  pains  in  the  limbs,  and  nnuBca — as  well  as  often  by  a  slight 

'     of   local   inflammation   at  the  site  of  administration.     Koch   re- 

:iii»  the   skin   of   the  back  for  this    piu*pi>*e,  b\it  the  position   is 

■     'Mid. 

1:  ixM  recently  been  suggested  that  a  study  of  the  opsonic  index 
l>l39)of  the  blood  may  be  used  for  diagnostic  purjwses,  a  minute 
isjcction  of  (new)  tuberculin  l>cing  followed  in  a  tuberculous  subject  by  a 
Wl  in  opsonic  power,  whereas  this  phenomenon  docs  not  occur  in  a 
licfthby  person.  Further  observation  is  necessary  to  deletmine  the  value 
^  Utis  niggf.>«tion  :  iu  any  case  the  test  is  one  which  can  only  be  cairied 
Iiy  an  ojtperioncod  obscr\'or. 

T.irioiw  methods  have  been  suggestei!  for  the  recognition  of  tul)er- 
II  Bcroiw  cflusions.  Thus  it  is  found  that  the  cells  which  they 
are  almost  entirely  lymphocytes,  as  contrasted  with  more  acute 
tory  Huids  in  which  jjolymorphonuclear  leucocytes  pn^iominHt^ 
U'^im^AiKtit).  This  test  is  of  most  value  in  the  ciu*e  of  pleund  etfusione : 
in  the  cerebrospinal  fluid  the  same  peculiarity  occurs,  but  it  may  also  bo 
OK^'Tith  in  other  chronic  conditions,  such  a,n  lalx's  doi'salis  atnl  syphilitic 
owiinptis.  For  the  discovery  of  tul)ercle  bacilli  in  inHammatoiy  fluids 
it  hi»  been  recommended  that  coagulation  should  be  induced  and  that 
tlw  dot  should  then  Ite  artificially  di(;eated  :  by  spinning  the  resulting 
solution  on  a  centrifuge  the  Kicilli  are  scijai'ated  and  readily  found  in 
•*wihI  pre|«n\tion8  of  the  deposit  (hwmw^v,  .louaset).  The  value  of  this 
pfKcdurc  ia  disputefl.  Failure  to  find  any  organisms  in  an  inflammatory 
c^BiioB  is  prcsimiptivo  evidence  of  its  tnborcidous  nature,  since  the 
■rtwii  responsible  for  other  forms  are  usually  present  in  sufficient 
^pttotities  to  be  readily  disi-ovei-able.  Injection  of  the  fluid  into 
"uwptible  animals  (guinea-pigs)  may  prove  the  presence  of  tubercle 
'"ftdDi  when  ihrse  are  nnt  difiix)verable  with  the  microscope. 

All  conditions  which  give  rise  to  chronic  inegidar  pyrexia  without 
lit**  loc^ilising  signs  may  excite  suspicion  of  the  presence  of  a  deeply 
tubercidous  foi:us.     Of  these  we  may  mention  enteric  fever,  Malta 
r.syphilis,  infective  endocarditis, sejiticiemia  and  pya*mia.  osteo-myelitis, 
AfltJ  other   deep   suppunitions.      The  diagnosis  from  enteric   fever  and 
ivo  endf>t:iir' litis  is  considercrl  on  p.  299. 

I  Mnlhi  jrritr  there  is  a  gradual  invasion  with  headache  and  lassitude. 
ferer  is  remittent  or  intermittent.     There  is  slight  cough  and  oft«n 
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profuse  swentiiig  ;  the  liver  iind  spleen  may  be  eulargwl  and  the  atxit 
somewhat  distenrled.  The  I'eseinMririce  to  generalised  or  Xjq  piilmot 
tiiborculosis  is  often  very  clase.  n«^idence  in  an  infected  locality  mil, 
however,  suggest  Malta  fever,  and  the  agglutinative  power  of  the 
patient'a  serum  iipijii  the  Myrrococcxis  i^viiinm^  will  eHinhlish  thu  diHgnoeis- 

Si/philia  in  the  secondary  stage  may  give  rise  to  prolonged  fevpr* 
without  the  presence  of  a  rash  or  other  chm-actoristic  evidence.  A. 
history  of  infection  and  the  nipid  efRcacy  of  raercuiial  treatment  will 
soon  remove  any  doubt  as  to  the  nature  of  the  condition. 

Deeply  sejited  colUcthm  of  pm  or  absorption  of  poiiaonous  products 
from  some  latent  ukemted  surface — for  example,  in  the  nasal  pass«ge» — 
may  lead  to  febrile  disturbance,  which  in  the  absence  of  discoverablr 
physical  signs  may  give  rise  to  a  suspicion  of  tuberculosis.  Thus,  in  (^1 
cases  of  otitis  media  chronic  fever  may  be  produced,  either  by  retention 
of  purulent  discharge  due  to  granidations  in  the  external  auditory  meatus 
or  jw  the  result  of  cjiries  of  the  bones  surrounding  the  inn^rnal  ear,  with 
or  without  moningiti.s.  Kncysted  empyema  and  jjelvic  alwcess  arc  other 
instances  of  conditions  which  may  nimulate  tuberculosis.  In  all  such 
cases  an  exiimination  of  the  blood  is  likely  to  shew  a  higher  degree  of 
leucocytosis  than  usually  accom]xinie»  tuberculous  infection.  In  children 
an  infective  pyelitis  may  give  rise  to  continued  intormiitent  pyrexia ;  the 
affection  is  rfigtuLliseil  by  the  appearance  of  nmall  quantities  of  pus  in  the 
urine  without  a<x:oni|winying  tubercle  K-icilli.  In  osteo-myelitia  careful 
examination  will  reveal  some  swelling  and  tenderness,  as  well  as  some 
loss  of  mobility  iti  the  aflVcted  limb.  In  pueipcral  women  latent  uterine 
sepsis  may  give  rise  to  a  auijpicion  of  tuberculosis,  and  the  converse 
error  may  also  occur,  consumption  being  mistaken  for  uterine  trouble, 
A  virginal  ea:aniination  will  usually  clear  M\i  the  doulit  in  ihc^e  cases. 

The  diagnosis  of  tubercnlotui  glands  fr-om  lymphadenotua,  of  tul>er* 
cidous  peritonitis  from  other  causes  of  ascites,  and  of  tnberculoui 
meningitis  from  affections  due  to  the  meningococcus  or  to  other  organisms, 
is  discussed  elsewhere. 

Proernosls. — The  prognosis  in  tubercidosia  depends  in  the  first  place 
on  whether  the  discjise  is  geueraliiseil  or  contincd  to  a  single  focuft. 
Generalised  tuberciUosis  is  probdily  always  fatal.  In  locidiseti  affcctioiU 
the  outlook  varies  with  the  importance  of  the  organ  attacked,  %rith  \U 
accessibility  to  surgical  ti-eatment,  and  al>ove  all  with  the  signs  by  which 
we  are  enabled  to  judge  of  the  resistance  of  any  individual  patient  Th< 
circumstances  of  the  sufferer — his  ability  to  itdopt  all  possible  me4ina  ot 
cure,  to  obtain  nom'ishing  food,  to  give  up  an  imhealthy  occu[)aiioi»,  tc 
select  a  residence  in  a  siutablo  locality,  as  well  as  his  family  history,  hii 
temperament,  and  his  apparent  conditiun  at  the  time  when  he  eoma 
under  observation — all  these  factors  have  to  bo  taken  into  consideratioiL 
Signs  of  a  rapidly  extending  lesion  are  seen  in  loss  of  appetite,  high 
fever,  progressive  emaciation,  and  loss  of  strength.  A  red  tongue  partlv 
coated  wiih  thick  fur  is  usually  indictitivo  of  active  disease. 

Regarding  the  special  prognosis  of  individual  local  lesions  little  need 


be  ttid  here.  In  tuberculous  glands  of  the  neck  the  outlook  is  as  a  rule 
^id.  The  cliseA«e  somcUmea  spontaneously  heals ;  in  other  cnnGH 
OfXTitivv  procixiure  leads  to  a  cure.  In  some  of  thi'se  cases,  however, 
tbc  (iuoase  spreihcls  down  the  glands  of  the  neek  and  afleclB  the  lunga : 
ill  siK'h  cages  are  of  senous  import.  Iti  primary  tuherculoaia  of  the 
inuaunee,  with  or  without  tiifoction  of  the  pcntoneum,  the  disease  some- 
dnat  becomes  localised  and  heals.  This  occurs  not  infreipiently  in 
ctaUnn.  In  many  cases  of  primary  tul)erciilout>  peritonitis,  in  which 
tiwre  is  not  extensive  ulceration  of  the  intestine,  the  disease  remains 
looKsvl,  ohioHy  because  the  progress  of  the  lesion  being  slow,  a  large 
anuiuut  of  fibrosis  occurs,  which  blocks  up  the  lymphatics  leading  from 
thepuitoneat  canty,  and  s<i  prevents  the  absorption  of  the  vims,  and 
tbu  the  dissemination  of  the  dist-ase.  On  the  other  h;ind,  from  the 
ioiMtiiw  the  disease  may  spread  to  the  lungs  and  other  part*  of  the 
body;^!!  such  cases  arc  very  serious.  Simultaneous  infection  of  two 
ItiixiiLJes,  iis  of  the  peritoneum  and  [jleura,  is  of  unfavourable  import,  and 
ligDi  of  secoadaj-y  cxteusiou  uf  the  infeciion — for  example,  of  tuberculous 
WpigitiB  or  enteritis  in  pulmouaiy  disejise — are  Ci^pecially  gnive. 

Priaary  tu1>ercido«is  of  the  lungs  is  serious  according  to  the  extent 
tlieloesl  lesion  and  to  the  indications  of  actively  extending  disease  : 
tbemiLJority  of  instances  general  infection  does  not  occur  until  the  later 
Prognosis  depends,  then,  on  the  condition  of  other  organs ;  ixs, 
for  anmpic,  when  there  is  fatty  degeneration  of '  the  liver  and  kidneys, 
oibrdKceoas  change  in  the  organs,  or  severe  gaatric  catarrh.  All  such 
eMwsre  grave.  Tuberculosis  of  the  kidney  loads  to  complete  destruction 
*J»  vital  organ  ;  and  although  usually  more  advance*]  in  one  kidney  than  in 
toother,  the  disease  is  not  uncommonly  bilateral.  Tuberculowis  of  Inmes, 
<4]0CDt«^  and  of  the  cpididymiK,  when  exiKting  alone,  is  serious  according 
tbcresulu  of  surgical  treatment,  according  to  the  signs  of  the  diseemina- 
of  the  disease,  and  the  presence  of  the  various  forms  of  secondai-y 
^luTation  of  othci'  organs.  The  symptoms  and  signs  of  generalisetl 
mdfisip,  occurring  in  any  form  of  local  tubercvdosis,  are  always 
pwiloiw,  and  \isually  end  rapiiUy  in  death. 

TrMLUnent. — Many  atLompts  have  been  made  to  discover  a  specific 
dy  for  tuberculosia     Allusion  has  already  been  made  to  protective 
ilalion  (p.  288).    Koch  introduced  lx)th  the  old  and  the  new  tuberculin 
medio*  for  tlie  diseJisc,  hoping  by  their  use  to  strengthen  the  resisting 
er  of  the  tuberculous  iwiticnt.     He  has  made  use  of  his  emulsion  of 
llli  vith  the  same  object.     On  tho  whnlo,  the  results  recurded  from 
of  the  tifw  tub'tcuHii  (Til)  arc  sutficiently  favourable  to  warrant 
itious  use  of  this  preparation,  in  addition  to  recognised    hygienic 
irea.     Very  small  doses  should  be  used  at  tho  begirming  of  a  course 
^fi"t  (loW'xiir  nigr.),  and  it  is  advisable,  in  accordance  with 
E.  Wright's  advice^  to  bo  guided  by  the  opsonic  indfX  of  the  blood 
•termining  the  fretjuency  of  the  injections     Each  dose  is  followed  by 
I»orary  fall  in  opsonic  power,  which  Bubset|uently  rises  to  a  point 
fi^er  than   that  previously  existing ;  a  second   do«e   should   not   be 
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admiiiisttiretl  till  this  rise  lias  occtirriid.  Only  chronic  cofics  are  fl| 
for  this  troatmcntf  which  shouM  Iw  l>cgun  as  early  in  the  dieaf 
possible.  I 

Tho  old  itiijrrntUn  is  Bometimos  of  use  in  the  trealmeiit  of  wnpi 
tu1>crcu1osis  (hipus),  but  rolai>s6  often  takes  place  on  diitcontinuii 
injectionB.  j 

Kk'ha  hft«  introduced  modifications  of  tubeix-uUn  for  purpfl 
treatment,  under  the  names  of  iuJtercuheidin  and  atitiphthmn  ;  thfi  j 
is  [nepured  from  tuberculin  l>v  i)recipitflting  certain  albuwinol 
mucins  of  )»iBmiith  sdh'c-nitnite,  reniovin;^  the  I>i8niuth  and  proci^ 
by  alcohol  from  the  remaining  fluid  a  substance  which  i«  said  to  j 
curative  pro[>erlie8  without  the  pyogenetic  and  toxic  (pialities  ofj 
culin.  Antiphthisin  is  prepared  from  bacterial  cultunsi  withotife; 
but  is  otherwise  very  similar  to  tuberculin.  Neitlier  of  these  ra( 
hafl  been  at  all  extensively  used  in  this  country,  and  their  value  rt 
uncertain.  I 

Several  other  modifications  of  tuberculin  have  been  intra 
Thus?,  V.  Kuck  devised  a  preparation  called  hiftfmilinuin  pur^ 
formed  b}'  heating;  the  Itacilli  and  their  culture-fluid  in  a  vacuum  U 
periods  of  time  at  a  tempeniture  of  120-130"  F.  He  also  mad) 
of  a  watery  extract  of  bju-illi,  which  were  first  deprived  of  fat  by  ext^ 
with  ether,  then  dried,  triturated,  and  extracted  with  distilled  w| 
a  temperature  of  120  F.  Some  good  results  have  been  ascrfl 
the.He  remedies,  but  they  have  not  gaitied  general  acceptjmce.  I 
feliler  devised  a  substance  known  as  ori/taf)eicnlin,  which  received  I 
able  comment  at  the  time  of  its  introduction,  and  Beraneck  bos  prt 
a  speci.U  tuberculiti  by  mixing  the  toxins  formed  in  the  culture-fluil 
those  derived  from  the  bodies  of  the  bacilli  themselves.  It  has  noil 
shewn  that  any  of  these  modifications  are  sui>erior  to  Koch's  ol 
tuberculins.  I 

Antitul>ercuIou8  seruma  have  been  prepared  by  Maragliauo  a| 
Miirmorck.  Good  results  are  cUiimed  for  the  use  of  M'truiflitino^it 
in  Italy,  but  it  has  not  gained  acceptance  elsewhere.  The  v«) 
Marmorrk*s  iternrn  is  still  doubtful.  It  is  certainly  not  an  inert  sub^ 
and  sufficient  indications  of  a  remedial  action  have  been  obserif 
some  of  those  who  have  used  it  to  render  it  worthy  of  more  extended 

Some  benefit  has  ap|H*.ared  to  i*esult  from  the  cniploym^ 
tiHli.-itrfptor/)r<:k  serum  in  cases  in  which  the  presence  of  large  numb 
streptococci  in  the  sputum  indiaites  the  existence  of  a  secondary  in( 
of  tuberculous  canties  by  pyogenetic  organisms.  I 

Link  found  that  benefit  resulted  in  animals  from  oral  adminial 
of  the  serutii  of  the  dog — a  resistant  animal;  and  Mi".  Mont|^ 
Paton  advises  the  use  of  the  plasma  of  immune  animals,  attribufi 
this  subRtance  a  stimulating  action  on  the  celU  of  the  tissues.  P< 
the  administration  of  raw  meat  {zomothtm/'t/),  which  has  been  laud^ 
the  treatment  of  tuberculosis,  may  bo  proved  to  owe  whatever  m 
possesses  to  this  morle  of  action.  j 


ii 
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Certiin  drtigs  Iuivr  hccn  sUtcd  to  exert  a  specific  action  on  tuber- 
ciilow  Iwions,  Of  these,  preparations  of  cinnamic  rtcitl  (hutol)  arc 
4U|>poficd  to  net  by  inrrcaftin^  the  number  of  leucocytes  in  the  syBtem, 
«i(i  tliii«  fiicililiiting  the  process  of  ]ihiLgocyto&is ;  the  vnlue  of  the 
nmdy  ii  proMvniaticn),  but  it  is  protwl^ly  not  injurious. 

i'ftii  has  Iwen  .uliniiiistcrod  to  lutK-rculima  |Kitiu^nts — a  synthetic 
product  l>eing  employed — on  the  groun<l  thiit  curnivorous  nnimuls  are 
immune  to  tuberculosis  and  that  gouty  persons  are  seldom  infected,  their 
r  -M-ifioe  Iwing  ;tserih«l  to  the  amount  of  uren  and  uric  acid  which  they 
Iju  :ii  ;hfir  systems.  The  idea  underlying  the  treatment  is  proluibly 
rriHi.i'ou-.  and  urea  it-ielf  is  practically  inert^  with  the  exception  of  a 
cwfUin  degree  of  diuretic  action. 

i'*il(iitm  chli'ndf  and  rtirkmate  have  been  recently  recommended  on 
^mdsmoro  ingenious  than  convincing  ["  Kecsilcification,"  Fcirier]. 

fn  Inculiiicd  tul»er('iiloiis  lesions,  r.*/.  arthntis,  attempts  have  boeu 
anulv  to  comliat  the  disease  by  inducing  a  condition  of  /wjisirr  ht/ftrrctmuj, 
FiM-  ihi?  purpoi^e  elastic  lwndage«  an*  |)a«Hefl  round  the  limb  above  and 
Wow  the  aff*M;teil  joint,  thus  restricting  the  local  circulation.  It  hiis 
Iwti  suggested  thai  the  rarity  of  pulmonary  tiilwrcuhwis  in  pjitienta 
flifffring  from  mitrjd  stenosis  is  due  to  the  chronic  engorgement  of  the 
limits  which  is  present. 

'Hie  value  otfrfjh  an  in  the  treatment  of  all  forms  of  tuberculosis  is 
well  tM^tahlished  :  indeed  it  is  deflirable  that  every  case  of  the  disease, 
wkterer  the  localisation  of  the  lesion,  should  be  treated,  if  possible,  in 
ibf  fountrr  or  at  the  seaside.  The  value  of  sanatorium  treatment  will 
W'Ji«u*seil  in  a  later  volume  of  this  Sijdrnt.  Here  we  need  only  point 
rrtil  lh»t  very  good  results  may  be  obtained  imder  home  conditions  by 
[Htieato  who  are  able  and  willing  to  cairy  out  faithfully  and  intelligently 
«i  'ipen-air  course  of  life.  Plentiful  feeding  is  another  essential  factor  in 
trcitment ;  but  the  great  importance  of  keeping  the  digestive  system  in 
gw«l  order  sufficiently  negative's  the  advisjibility  of  such  forcwl  feeding  jis 
■^  at  one  time  deemed  essential.  The  special  treatment  called  for  in 
dienhous  forms  of  tuberculosis  is  discussed  in  the  articles  dealing  with 
Juiaacs  of  particular  organs. 

Acute  Generalised  Tuberculosis 

Airnt^  treneral  tulwrtuhwiis,  or  acute  typhoid  tuberculosis  as  it  is 
foniftimes  called,  is  best  termetl  ju'Ut^  geiipralised  tuberculosis.  As  has 
tjWD  fully  explaine^^l  in  discnssi?ig  the  pathology  of  the  disease,  it  may 
occur  in  two  chief  forms,  in  one  of  which  there  is  a  generalised  tul>er- 
*'n\<m»  of  the  bofly  directly  following  infection  ;  in  the  other,  after  the 
ice  of  a  chronic  lesion  for  some  time,  a  generalised  tuberculosis 
from  it.  Clinically  the  two  claj>ses  of  cases  are  very  similar, 
and  tbe  nature  of  the  latter  event  may  not  be  understood  until  on  post- 
mortem examination  a  chronic  lesion  of  the  lungs  or  intestine,  too  small 
to  have  given  rise  to  physical  signs,  is  revealed.     Indeed,  u  primary  acute 
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geuenilised  tuberculosis  is  prutiably  not  met  with  \n  man,  as  it  i 
pmcticfiUy  always  potmible  to  denioiihlrnte  jioBt  mortem  A  caseous  glandoi 
other  source  of  infection.  The  bacilli  arc  distributed  throughout  il* 
body  by  tho  blood-slreara,  due  either  to  ulceration  of  a  cjiseoiis  focus  inO 
a  vessel  or  to  tuberculosis  of  the  iiitima.  Infeetioii  of  the  receptaculo^ 
chyli  and  tlioracic  duct  may  aUo  k-ad  to  generalised  luberculosia — a  f»cU>' 
the  im{K>rtanco  of  wliich  has  recently  l>een  emphasised  by  Longoopei  wl" 
found,  among  nineteen  eases  of  acut«  gonemliBod  tuberculosis,  fourteen  ' 
which  there  was  diseiiso  of  tho  thoracic  duct 

The  symptoms  of  acute  goneniliaed  tuberculosis  are  those  which  ha' 
been  discus9e<l  already,  hut  they  are  accentuated.  Thus  the  illness  mi 
begin  acutely,  and  progress  with  high  fever,  night-sweats,  great  emac 
tion,  and  l>odily  prostration,  until  the  |>atient  sinks  into  the  typho 
condition  which  proccdca  death.  In  other  cases,  perhaps  in  t 
majority,  tho  onset  is  insidious,  like  that  of  enteric  fever,  which 
closely  aimulatofl  in  course  and  symptoms  {iijphmd  h/^>f).  The  fev 
is  usually  remittent  or  int-omiittcnt  in  character,  rising  to  a  high  degi 
in  the  evening  »nd  falling  in  the  morning ;  occasionally  the  tyyujf  inrrn 
is  met  with,  thu  highest  point  l)eing  att^iinofl  in  the  morning.  Cases  a! 
occur  in  which  the  coiu-se  of  the  disca»o  is  almost  apyrcxial. 

It  is  characteristic  of  acute  generalises!  tuberculosis  that  with  tht 
severe  symptoms  there  are  but  few  signs  of  the  local  aH'ecdon  of  orgai 
Thus,  although  the  lungs  may  be  found  studded  with  tubercles  aft 
death,  the  cough  is  but  slight,  or  dry  and  hacking  only,  and  witho 
hatinoptysis ;  there  is  no  pus  in  the  urine  (uidess  the  kidneys  wt 
previously  affected  with  chronic  tuberculosis) ;  there  is  no  diarrhi 
referable  to  tho  disease,  inasmuch  as  any  looaenesa  conununly  oc^n: 
towards  the  end  of  the  illness,  and  is  i>art  of  the  "typhoid"  conditi< 
The  heart  presents  no  abnormal  sign.  Enlargement  of  the  spleen  m. 
be  diflcnverwl,  but  the  splenic  enlargement  in  acute  tubercuhtsis  is  nev 
great,  and  does  not  often  give  ri.se  to  a  charactenstic  tumour  in  t 
left  hypochondrium.  Cerebral  s\inptoms  may  8U|jervene,  jjerhups  eat 
in  the  distjiise  {nu'tdivjcid  type),  headache  and  slight  dulirium  with  cryii 
out.  These  symptoms  are  not  definitely  characteristic  of  tuberculo 
meningitis  unless  combined  with  retraction  of  the  head,  slowing  of  t 
ptdso,  ocular  pidsy  (seen  cither  in  the  pupils  or  as  slight  strabiBmua), 
with  the  prusencc  of  tubercles  in  the  choroid,  when  tulierculosis  of  t 
pia  mater  becomes  evident.  In  other  instances  signs  of  pulmona 
involvement  are  pi-csent  in  the  form  of  dy8[)nu»  and  cyanosis;  U 
variety  {pulmoimrt/  typt)  is  common  in  young  children  who  suffer  fre 
generalised  tulterculosis  as  a  sequel  of  measles  or  whooping-cough. 

Morbid  Anatomy. — Almost  every  organ  of  the  body  may  be  foui 
studded  with  minute  granulomaa.  The  lungs  usually  suffer  most,  b 
the  kidneys,  liver,  and  spleen  exhibit  a  larger  or  smaller  Ttumbor  of  gr 
points,  and  even  more  minute  lesions  are  discoverable  with  the  mict 
scope  both  in  these  and  in  other  organs.  In  the  meninges  of  the  bra 
tho  tubercles  are  most  readily  detected  by  floating  the  pia  mater  in 


>vera  dark  background.     The  base  of  the  brain  is  mo8t  iift'ected,  but 
liimtc  gnuiulonifis  may  be  stien  folli^wing  the  courae  of  iho  vesi«els  in  the 
rlran  fissures.     There  is  usually  some  ttirbid  tiiiid  at  the  base  of  the 
iin.  while  the  convolutions  are  dry,  sticky,  and  somewhat  flattened. 
irj'  focus  of  tulnMCuIosis  muy  iieetl  careful  searcli,  a«  il   may 
hone  or  other  deeply  seated  jwrt.     Atfection  of  the  intima  of  the 
polnODftry  veaseU  is  present  in  many  cases  (Weigert,  Silbergleit),  giving 
^hw  to  a  eonst&nt  supply  of  Willi  in  the  circulation. 

DUgnosis. — Acute  generalised  tuberculosis  must  be  distinguished 
)m  {>llier  febrile  disorders  a^tsociated  with  wasting  and  irregular 
rrrxia.  The  ditficuliy  in  the  diagnosis  lies  in  the  indcKiiito  ehai-acter 
the  physical  signs. 

Ent^nc  Frvet; — In  this  disease,  as  in  tuberculosis,  tiiere  are  headache, 
Miriam,  slight  bronchitis,  and  enlargement  of  the  spleen.  In  both  alike 
ic  Jiaw)  reaction  of  tlhrlich  may  occur  in  the  nrine.  In  generalised 
ibertulosis,  however,  which  is  rare  in  i)er80iis  over  twenty  years  of  age, 
most  common  in  young  cliildi-en^the  latter  Ix'ing  seldom  aflected  by 
loidf — diarrhoea  and  tymiwnites  are  uncommon,  the  mental  condition 
dearer  until  signs  of  meningcjil  inva^tion  occur,  and  the  pulse  is 
more  frequent  than  is  usual  in  enteric  fever.  The  presence  of 
Kan  of  tuberculous  abscesses  in  the  neck,  of  a  healed  lesion  at  the  apex  of 
Ittng,  of  tu1)ercuIous  joint-disease  or  epididymitis,  is  suggestive  of 
jberculosis ;  so,  too,  is  the  occurrence  of  distinct  dyspncea  or  cyanosis. 
:urrencc  of  "rose-spots"  strongly  suggests,  but  is  not  absolute 
[^of,  the  presence  of  enteric  fever  {riile  Vol.  I.  p.  1137).  llie  most 
BDportant  diAgnostic  sign  of  the  latter  is  aHbrded  by  the  occurrence  of 
the  "agglutination  reaction  ''  in  the  blood.  As  a  "  counsel  of  perfection  *" 
11  may  be  recommended  to  perform  the  test,  if  negative  with  ll  t^phosm, 
*ith  the  two  varieties  of  paratyphoid  bacillus  also,  before  excluding  this 
type  of  infection.  Opinions  differ  as  to  the  value  of  the  correspontiing 
IWrtiou  with  tulwrcle  bacilli  (Arloing  and  Courmont),  but  in  duublfnl 
ewttn  trijd  of  this  test  would  seem  advisable.  The  blood  in  generalii^ed 
tdbermlosis  is  likely  to  exhibit  a  polymorphonuclear  leucocytosis,  as 
ppoeed  to  the  leucopenia  of  enteric  fever. 
lufedire  {nutiy/nant)  Ewlofaitiitui, — In  certain  cases  diagnosis  Iwtwecn 
It*  generalised  tuberculosis  and  infective  endocai-dilis  may  bo  difficult. 
in  such  a  juitient  the  eWdence  of  .'i  chronic  tuborculoiu;  lesion  be 
the  symptoms  (fever,  wa.sting,  arul  prMitration)  may  be  ascribed 
general iiuiti on  of  the  tii.sease.  When  no  such  l«.>cjd  ttdiercidous 
is  eWdent,  difKcuIties  arise,  inasmuch  as  infective  endocaitlitis  is  a 
of  many  aspects :  it  consists  in  an  acute  affection  of  the  heart, 
vntfa  nniltiple  embolism  and  with  erdargement  of  the  spleen  ;  and  thus,  if 
one  or  more  cardiac  murmurs  lie  present,  and  especially  if  one  or  more  of 
_^eae  vary  in  character  from  day  to  day,  or  again,  if  there  be  a  persistent 
loud  pulmonary  muiTnur,  or  if  there  be  evidence  of  embolism,  such 
fltiddcn  hemiplegia,  a  thrombosis  of  arteries  of  a  limb,  h»moptysiB 
to  infarction   of  the  lung),  heematuiia  (due  to  infarction  of  the 
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kidney),  or  sevort^  ptiin  in  tho  left  h>'pi}chon(lrium,   u'ilh  more  or  1 
sii(UU>n    enlargoment    of   the    spleen,  the    irase   may  bo  clear  from  tl 
first  as  ono  of  infective  endocardiiiii.      Vet,  at  one  period  of  iiifecti 
endocarditis  cardiac  murmurs  ami  the  8i|»n8  of  emlwlism  may  !»'  aW 
and  no  diagnosis  may  l«  possiKIc  until  the  occurrence  of  embolism 
the  one  band,  or  of  load  lesions  characteristic  of  tuberculosis  (surb 
meningitis)   on  tho  other,  diflpe]  our  donbt».     An  examination 
bloo<l  may  aid  in  the  diagnosis  of  the  cawliac  affection,  since  tbe 
organisms  may  at  tiniea  bi>  enltivated,  and  leucocytosis  is  likely  to  rvM? 
a  higlier  degree  than  in  tubercidosia. 

Prognosis. — The  outlook  in  acute  generalised  tuberculosit*  is,  in  the 
presi^iL  statu  (tf    niedicjil    knowledge,   lioj^elesB,  death  occumng  after 
period  of  six  weeks  to  three  months. 

Treatment. — The  uije  of  a  serum,  such  as  Marmorek's,  would  eo 
rational  treatment  for  Jicute  tuberculosis,  but  unfortunately  the  reaiiltfi  ao 
far  obtained  from  its  use  in  this  form  of  the  disease  are  disappointin 
The  reme<iy  should  be  administered  early,  if  at  all.     Apart  fn^m  th 
all  that  can  be  done  is  to  support  the  patient's  strength  by  food 
stimulants,  and  to  relieve  any  urgent  smptoms  that  may  arise. 

8.  Martin,' 1807. 

W.  C.  BfJSAXQUKT,   1906 
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THE  PATHOLOGY  OF   STREPTOTHRIX   INFECTK 


Hy  Alexawrr  G.  R.  Fodlektox,  F.H.C.S. 

TiiK  U9C  l)y  pathologists  of  a  somewhat  varied  nomenclature] 
desigauttou    of    the    species   of    vegetable   i>athogeiietic    panisil 
described  tinder  the  generic  name  of  Streptolhrix  haa  been  the 
some  confusion  in  the  nomenclature  of  the  diseases  caused  by 
of  organism.     But  since  a  full  historical  account  of   the  diseaso 
caused  is  given  by  Dr.  Acland  in  his  urticle  on  '*  Actinomycosii 
«nly  be  necessary  to  refer  hero  to  the  b't«rature  of  the  past  iu 
this  will  bo  of  nse  in  clejiriti^'  up  any  remaining  confusion. 

The  name  Actinomycosis  was  applied  by  Bollinger  (1877)1 
Israel  (1878)  to  a  form  of  disease  occurring  in  cattle  and  in 
WHS  believed  to  Ihj  the  result  of  infecliun  by  a  single  vegetable 
the  liay-Fuiigus  {Adimmiictf.  honf^  Ilarz).     During  the  next  twelve 
or  flo  a  number  of  cases  of  actinomycosis  in  man  and  cattle  were  ol 
and  recorded  in  this  country  and  elsewhere;  the  first  humiui  case 
identified  in  England  was  investigated  by  Ur.  Acland  in  1884. 
Acland's  case   the  liver  was  affected  ;  the  first  example  of  p 
infection  in  this  country  was  recoi-tjed  in  1889  by  Sir  K.  Doug! 
and  Mr.  Godlee.     During  this  period  the  diagnosis  of  the  di( 
completed  by  the  identification  of  an  organism  of  the  ray-fungi 
the   tissues  affected  and  in   various  discharges ;   the  {mrasites 
isolated  iu  pure  culture  and  studied,  find  differentiation  of  s] 
therefore  not  possible.     Indeed  the  identity  of  the  ray-fungi 
in  all  cases  of  actinomycosis  iKjth  in  man  and   in  cattle  wns 
in  papers  published  in  this  conntry  by  Prof.  Crookshank  and  Sii 
M'Fiidyean  as  late  as  1889.  J 

In   1890  Bostroem  published  a  fairly  full  account  of  the  fl 
cbaracteristic-s  uf  some  ruy-fungi  which   he  had   isolated   frrun  c-i 
human  and  bovine  actinomycosis,  and  which  he  regarded  as  beloi 
one  and  the  same  species.      In  1801  Wolff  and  Isn\el  published 
account   of   a  different  s])ecies  of    ray-fungus   isolate<l    from   a< 
actinomycosis  in  man  ;  and  since  then  a  considerable  number 
some    presenting    well-marked    s|)etific   characters,   and    others 
described  and  not  clearly  diffcrentiatcrl  as  V>elonging  to  separata] 
have  lieen  referred  to  under  the  generic  name  Actinomyces  and 
ring   in  cases  of  actinomycosis.     The  name  Streptothrix  was 
first   used  by  Oorda  in    183-1  as  a  designation  for  a  species 
mycetes  or  mould-fungi,  but  at  the  present  time  it  is  not  certal 
particular  organisms  the  term  was  applied  to.     In  more  recent  til 
(1874)  applied  the  name  Streptothrix  to  an  organism  (.S. /wi 
in  concretions  from  the  lacrimal  canal,  which  probably  belongs 


i^  organiams  for  which  the  name  is  used  at  the  present  time.  Tn 
8M  Miio-  puhli8h«<l  :i  L'jirefu)  hiological  account  of  a  eaprophylic 
orpniiD  of  a  branching  type  which  C'ohn,  Iwlieving  that  the  i-ainify- 
ing  form  was  the  reflult  of  a  true  dichotomy,  had  previously  described 
the  name  Ciadothxr  dir)wU>mo.  Mac*!-,  however,  found  that  the 
hnuicimig  was  not  profhiced  hy  u  true  dichotomy,  that  is  to  say  hy  the 
divwonafa  parent  filament  into  two  others  of  equal  size;  his  ol>sorva- 
(iou  showed  that  the  branching  rcstdteil  from  thu  development  of 
tecoodar}'  (ilaments  by  a  hiteral  budding  out  from  the  paj'ont  filament, 
m\  there  wems  to  be  no  doubt  but  that  the  VUniothrU  dichotojm  of  Cohn 
iu  reality  a  tj'pical  strcptothnx  {Sfrgjdffthrir  Jii^frfscfns  P'oulerton). 
tn  1888  Nocard  described  an  organism,  now  known  as  Sdrptothrix 
leu  /nrcinicti,  which  he  isolated  from  the  leHion^  of  a  dieease 
fordn  ill's  h<^nf&  which  was  oajKcially  prevalent  limon^st  cattle  in 

floupe.     Nocard  gave  a  full  description  of  the  morphology,  cultural 

trnVtic*,  and  {wthogenetic  :w.!tion  of  the  organif*m  ;  he  sunnised 
ibit  it  was  a  bacillus  of  a  kind  that  had  not  been  described  previously, 
noting  particularly  the  occurrence  of  a  lateral  branching  similai-  to  that 
which  Mac^  had  observed  in  Cohn's  Vlndothrij-  dkhotoratK  Nocai-d's 
ca^iam  has  been  isolated  several  times  f;ince  it  was  Hrst  described,  and 
ii  Dorweil  recognised  as  the  cause  of  a  disease  in  cattle,  with  special 
clinical  fe.iturej?  which  in  many  cases  serve  to  distinguii*h  it  from  the 
nmre  common  manifestJitionB  of  strcptoihrix  infection  in  cattle, -caused 
liy  Miftomffor^  h(nns  Harz  (StrcpOffhrir  horU  comnmnis  Foulerton),  as  it 
<*ceQn  in  this  conntiy.  In  1890  Kppinger  isolated  an  organism  whieb  he 
tauatA  Clufz/thrir  astetoides  {Str^ptofhru-  fppinffrri  seu  axtrroiiha)  from  a  ea^ 
■^niultiple  altscesses  in  a  man;  his  description  of  the  parasite  was  an 
excellent  one,  and  luis  enal)lud  the  same  organism  to  be  identified  in 
pral  cases  since  then.  In  1891  Kosai-Dona  described  several  8Apro- 
rtc  species  of  streptothrix  which  he  had  isolated  from  the  air.  In 
1^93  Sanvageau  and  Radais  published  a  valuable  monograph  entitled 
■■^V  iu  Oetirex  Chdofhru^  Stirpfnthrir,  H  Adinomijrje&^  d  dfscriptimi  de  druj- 
'^T'WAriJ'  noHivoiu ;  they  suggested,  however,  the  adoption  of  Oospora 
**tlie  generic  def^ignation  in  the  place  of  the  three  other  synonyms.  In 
1394  Goirparini  also  dealt  at  length  with  the  biology  of  the  genus,  reveit- 
'n?  tfi  the  older  generic  term  Actinomyces.  In  1894  Vincent  isolated  in 
jtUT  culture  and  described  the  causative  parasite,  StTt-jilulbrix  madur(r^ 
'"■Wrring  in  ca&ea  of  Mycetoma  or  Madura  foot,  and  compared  the 
'^fpinism  with  Ariiumnyffs  boris  Harz,  as  isolated  and  described  by 
PWlToem.  Thus  Actinomyces,  Cladothrix,  Oospora,  and  Streptothrix 
wvBeoch  been  used  as  the  generic  designation  for  these  parasites  ;  and 
^  the  h'st  n  hfth  name  has  yet  to  be  Jidded — Nocardi;i,  as  suggested  by 
'1'  Tttiii  and  Trevisan  in  1889.  Three  of  these  generic  names  have 
<iropped  out  of  use  during  recent  years,  and  we  are  left  with  only  two, 
Sirei»tothrix  and  Actinomyces,  to  choose  btitween.  The  former  term  has 
by  common  conaiMit  been  adopted  generally  by  British  and  American 

c^sta  and  by  many  others,  whilst  Actinomyces  is  apparently  still 
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used  by  preference  in  many  parts  of  the  European  continent.  And  aanoc 
the  terra  Strcptothrix  bus  been  adopted  gonerally  in  this  country  &>  ihfl 
generic  name  for  these  species  of  parasites,  it  would  aeem  that  Strepio- 
tnehosis,  as  recomn]endti4l  by  a  Committee  nf  the  Pathnlugical  Society  oi 
Iiondon  in  IS99,  is  the  appropriate  clinical  deaipiation  of  the  lariip  clue 
of  streptothrix  infections.  The  term  Actinomycosis  ha«  long  since  losi 
its  original  si^nificanco  ;is  thti  n:uno  of  one  specific  disease,  and  oui  he 
iLsed  only  synonyimmsly  with  >^treptotrichosis. 

Amongst  the  more  recent  moiiogiaphs  duuling  with  the  morphulug}-. 
general  characteristics,  and  juuhogeiiutic  :ietion  of  these  p:irasitos  iin 
those  of  Bereatnew  (on  .^di/ivmyrojTif,  L897).  of  Lachner-Sandival  ( r«6ri 
Stmhlt'tipilzey  ISD7),  and  Fouleiton  and  C.  Price  Jones  (On  Ote  Gmen 
CharacUi'istics  a)id  PniJiogrnic  Artirm  nf  the  Oenit,^  Slrrptnthris^  1901). 


fto.   l.Sir^ptothrix  ntlitnoticu  (C,  Prtfc  Juum);  Fio.   t.—Slrtj4o(kris  IntMota  (K<»nU>rtow);    f 

Entwtli  uf  lllAinciiU  bum  uporM.  Kfler  twimtx  twi>-wtmkH  i>l<l  ciiltun*  in  )m)iU>iii*  br<l 

uai»  ( <  About  TVj).  luculwtwi  «t  sr  C  (X  aboat  JiO). 


The    Characteristic    Morphology   of   the    Streptotrichese.  — Tl 

morphology  of  the  strt*|itotricheiii  as  observeii  in  I'uliures  on  artificl 
media  may  now  bo  dcscril>ed-  If  the  spores  of  a  iiipidly  growin 
species  are  kept  under  observation  on  e.  worm  stage  at  a  siiitab 
temperature,  the  earlier  stages  of  development  may  \ye  clearly  mm 
within  some  eighteen  or  twenty  houi-s.  Prom  the  spherirjd  spoi 
two  or  three  small  buds  project  and,  grudiially  elongating,  becon 
tho  primary  (i!:inieiitH  of  tlie  mycelial  ma»^  Prom  the  priuiar 
tilanifnts  hiterid  brunches  bud  out,  and  from  those  secondary  brandu 
other  lateral  filaments  again  grow  out  by  a  re|>etition  of  tho  buddin 
process ;  and  in  thii  manner  a  more  or  less  dense  and  tangled  tuJ 
of  wavy  branching  mycelium  is  formed.  I  have  never  observe 
the  formation  of  branches  by  a  true  terminal  dichotomy.  The  genen 
characters  of  the  tuft  of  the  adult  mycelium  are  best  studied  in 
culture  in  ordinary  peptone  broth,  uuder  which  condition  the  mycelial 


pMiitB  itMlf  usuAlly  as  a  discoid,  but  soiuetimes  globular,  mafis  oi 
ujijrleJ  filaments,  with  a  dense  central  portiun  and  a  looser  aiTungement 
;  rinU  the  poripbory  of  the  tuft.  The  tt:rmioation  of  the  iilanieiitB 
i::4iitff  various  api»earanc'es  in  ditl'erent  species,  and  the  appeaiance  may 
:  '  '«•  coiisbiiil  in  the  same  s[>et*ie8 ;  the  end  of  the  filaments  niaj'  l>e 
I  :•'-!  .ir  rounfled  oft",  or  may  present  sm;dl  splicrical  or  Ihdiancluh 
•i;enients.      Up  to   a  certain   stage   the   mass  of   mycelium 

>. :   lilaaiunts  of  nearly   liomugeueoue  appearance;  then  changes 

(ceur  which  may  be  described  as  comprising  segmentation  and  fragmenta- 
im  iif  tbu  mycelium  and  a  process  of  cbain-sporulution.  The  adult 
loyodiiiffl  presents  a  homogeneous  appearance  when  stjuued  with  the 
"injitur)'  basic  anilin  dyes  or  by  Gram's  method  ;  when  segmenUvtion 
f*xiin  ihertf  i»  an  alteration  in  the  stuininx  pruperties,  re««ulting  from  a 
•IcgGDCniioo  of  shortur  or  longer  ^cgmenis  of  the  constituent  Jilanientfl 
tjcciinhig  at  irregular  intervals  along  their  length.  The  degenerated 
jiurlioni  of  the  filaments  no  longer  retain  the  gtuin  when  treated  by 
Gnn'i  methrKlf  and  stain  but  faintly  with  the  basic  anilin  dyes  employed 
in  the  iisual  way :  in  unstained  hanging  ^litip  s|>ecimens  the  altered 
ce^tttn  present  the  appearance  of  a  fine  cylindrical  sheath  which  huH 
coUi{a«d  after  the  escafie  of  its  fuimui'  contents.  Frngmentntion  of  the 
iBTO^ium  follows  on  segmentation  ;  the  degenerated  segment*  gradually 
>pcar,  and  in  the  placv  of  the  uiiginal  tuft  of  branching  mycelium 
are  collections  of  separate,  shorter  or  longer,  lengths  of  tlie  filaments, 
lay  appear  as  straight  or  slightly  curved  rods,  or  may  retiiin  tlie 
illine  of  the  original  mycelium,  or  nuiy  present  a  well-marked 
or  spirillum  shape.  Some  of  the  segments  of  the  mycelium 
a  bhort  lateral  brunch  still  attached,  they  sUdn  well  by 
itini'i  method,  and  often  present  a  I>caded  appearance.  Thete  si'gmcnts 
I^weiit  more  resistant  {tortious  of  the  mycelium,  ihcy  apjtcur  to  retain 
sir  vitality  for  a  considerable  time,  and  aie  proUibly  aijiable  of  sitront- 
'rtit  into  a  new  mycelium  when  transferred  to  a  fresh  medium  with- 
Uie  inliTventioii  of  a  spore-stjigc.  If  not  iransfeired  to  a  fresh 
the  majority,  at  any  rate,  of  these  segments  die  out  without 
)ing  any  further  change ;  but  it  is  not  (juit^i  certain  whether  or 
after  fragmentation  there  may  1)e  a  {>rocc&s  of  chaiu-sporulatiou  in 
>e  of  the  persistent  segments.  On  the  other  hand,  it  is  quite  certain 
the  rod-segmeuta  never  give  rise  directly  t<>  new  roti-scgments  by 
'JroceM  which  its  in  any  way  analogous  to  the  fission -process  which 
dtinotflristic  of  the  bacillan*  fonns  of  schizomycetes.  Coiticiduntly 
the  occurrence  of  segmentation  of  the  mycelium,  indications  of 
iruhition  may  often  be  seen.  The  tcmn'nal  portion  of  some  of 
ftUments  and  of  their  lateral  branches  assumes  a  closely -In-adod 
u-c,  resulting  from  a  complete  transverse  segmentation  which  is 
^bahly  similar  in  its  nature  to  that,  which  has  been  describnd  alre.idy 
occurring  in  the  length  of  the  Klaments.  In  tlie  terminal  portions, 
fever,  segmentation  occurs  at  regular  and  close  intervjils,  and  the 
ktc  narrow  truncated  segments  which  still  stain  by  Irram's  method 
vol..  II. — PT.  I  X 
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segments    then    ciisf»pi>eur,    and     the    free    spoi-ee   are    seen    as   i-  . 
spherical    bodies  which   dtain    well   by  Gram's   method,    and   which  uxe 
morphologically   and   in   their  staining   characteristics   iudistinguishjible 
from  many  e^ieciea  of  cocci 

The  al>ove  description  applies  to  the  morphology  of  a  streptothric 
when  growing  in  a  Hiiid  medium,  and  it  wilt  be  seen  that  the  appew- 
ances  are  widely  diffLicnt  at  difft^rent  stages.  At  first  thei-e  \&  the 
tangled  mass  of  m^'celium  which  a  little  later  will  shew  indications  o( 
segmentation  and  chain-apornhitioTi ;  then  when  fra^imentation  is  complete 
there  will  be  found,  side  by  side,  isolated  rod-segments  or  longisb  fihuueau 
and   aphericul  spores,   and    at   last  the   culture   will  show  only   sporei 

arranged  in  iiregular  masses  like 
staphylococci,  or  in  pair^,  or 
still  retaining  their  chain -arrange- 
ment and  indistinguishable  from 
streptococci  when  stained  by 
Gram's  method. 

When  theorganisTU  is  growing 
on  a  solid  medium  thu  same 
morithohvgical  cycle  may  often  he 
traced ;  but  under  tliese  con- 
ditions of  growth  it  is  also 
frequently  difficidt  to  connect  the 
several  stngea  in  tlieir  proper 
order. 

In  quickly  growing  species 
the  mycelium  usually  forms  a 
densely  felted  tenacious  layAT 
which  spreads  over  the  surface 
of  the  modiurn,  and  sends  out  vigorous  lateral  brunches  into  \t&  siihatanco. 
Aft^^r  a  time  segmentation  occurs,  follownd  by  fragmentation  as  when  the 
organism  is  growing  in  a  fluid  me<lium.  In  many  of  the  species  which 
have  been  examineil,  8[»ores  are  di-veloped  by  a  procetts  of  chain  8|K)rula- 
tion  occurring  in  fine  aerial  hyph*  winch  grow  erect  from  the  surfaco 
of  the  mycelijil  layer.  These  aerial  h)i>hie  should  be  regarded  a«  the 
special  spore-bearing  organs  of  a  hyphomyces,  and  in  many  spitcios  the 
occurrence  of  sporulatiim  is  usuall\'  indicated  by  the  appearance  of  a 
chsdky  kind  of  efflorescence  on  the  surface  of  the  growth. 

In  some  of  the  jxithogenetic  species  of  slreptolrichpu?  which  grow  but 
scantily  and  very  slowly  nn  artificial  mfdia,  the  growth  on  solid  media 
may  be  such  that  it  is  impossible  to  trace  the  complete  morpbologv*  of 
the  organirm  as  descri^M-d  above.  The  mycelium  develops  very  slowly, 
and  segmentation  and  fragmentation  of  the  filaments  appear  to  occur 
nejirly  coincidontly  with  growth.  In  such  cases  the  i»rdin:try  cover-glass 
prei>aratiur)  «iU  shew  little  more  than  clnsely  packed  mansos  of  nid- 
sogmenlR   which   often    have   a    beaded   appearance,   the  whole    closelj 
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iweobliiig   what   is   seen  in   a  similar  preparuiioii  from   a  culture   oi 

B.  difiUheria  or  B.  tuftrreuhsis.  But  here  and  there  longer  filamentous 
•e|(ainiU,  possibly  u'itb  the  remains  of  a  lateral  branch  i^till  ntuichetl, 
irill  >«  ^vii ;  aud  hiter  on  sponilution  is  obvious.  As  a  rule,  when  the 
cultiirr  on  a  solid  niedinra  is  of  this  somewhat  indefinite  character  it 
will  I*  found  that  typical  discoid  or  globular  colonies  devuh)|»  in  bioth 
ciikurts  sad  show  iho  compli'to  r:\clo  of  moqihological  chuiigf. 

The  Place  of  the  Genus  Streptolhrix  In  Botanical  Classincattan.-— 
Har^  with  mufh  less  knowledge  of  the  morphology  of  thes*'  orj^ani.snu 
w-  now  possess,  placed  Bollinger's  ray  fungus  amongst  the  Hypho* 
■  -or  mould-fungi,  and  the  investigations  which  have  been  carried 
oui  liuring  recent  years  under  much  more  favourable  conditions  have 
bm  confirmed  Harz's  opinion.  It  is  true  that  some  pathologists  have 
(lUMlioaed  the  conectness  of  the  classitictttion  of  the  streptotricheae 
soumgit  the  mould-fungi,  regarding  the  branching  myculiiun,  the  rod- 
irgmoau,  and  the  spherical  spores  as  merely  casual  morphological 
nmtioQS  of  a  highly  pleomorphic  tis^ion  fungus,  wbicb  under  diM'erent 
roodilioaa  may  assume  a  branching  Hlamentous,  a  spirillar,  a  Imcillary. 
nr  I  cowal  form.  In  the  majority  of  cases  probably  the  objection  raised 
Uie  classification  of  the  streptotrichea.'  amongst  the  mould-fungi  has 
«  founded  on  observations  made  on  slow -growing  species  in  which 
ilete  life-cycle  h  ditiicult  to  follow  ;  and  a  study  of  the  morjiho 
species  in  which  the  sefiuence  of  changes  can  be  clo»ely  followed 
tvn  very  little  doubt  but  that  iht^se  organisms  belong  to  the  moulds 
bimIit  uur  present  system  of  bouinical  classification. 

No  multiplication  of  the  rorl-segments  i\s  such,  or  of  the  sphericftl 
ever  take^  place  by  a  process  of  fission  such  as  is  characteristic 
tlm  fisaion-fungi  ;  the   aerial  hyphfe  represent   the  specialised  spore- 
ring  organs  of  a  hyphomyccs  ;  and  the  spores  of  the  streptotrichea*, 
bl  they  resemble  the  spores  of  other  hyphomyeetes  in  their  thermic 
■|wnt   and  staining   reactions,  do  not  stain   by  the   charncttristic 
Hers  niethtxl  which  is  used  for  demonstrating  the  S|«)re8  of  iinsion- 
nor  do  they  corres[)ond  with  the  spores  of  fission-fungi  in  respect 
leir  thermic  death  point. 

Cultural  and  Staining  Characteristics  of  the  Streptotrlchese. — 
cultunil  charaeteristiea  of  the  streptotrichca'  can  be  referred  lo 
in  gcnenil  terms  only  ;  for  more  detailed  information  the  i^wiiler 
tiUl  refer  to  a  paper  (*20)  in  which  a  full  description  is  given  of  the 
«iral  characteristics  of  nine  pathogenetic  and  sixteen  saprophytic 
*iM  which  were  examined  at  the  Middlesex  Hospital. 
Difficulty  in  the  ditterentiation  of  species  of  the  pjithogenetic  strepto- 
icif  fre<|uently  arises  because  in  some  cases  no  growth  of  any  kind 
be  ubuiined  on  artificial  mcdiji,  whilst  in  other  ciisea  only  a  very 
ity  growth  can  be  obtained  and  the  organism  dies  out  i-apidly  when 
ipcs  at  Bubculiures  on  artificial  media  are  made^  Certain  patho- 
stio  species,  however,  grow  with  conaiderable  freedom  on  artificiid 
and   so  can   be  identified  readily  when  met  with  a.s  the  cause  of 
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flisease.  KxcUidtng  cases  in  which  all  attempU  at  obtitinitig  ^iwtbt^m 
jirltHcial  itit^diii  fail,  tho  .stn;ptotricheji.'  ni;iy  l»e  roughly  divided  into  Lhrv^ 
groups  in  accordiiiiee  with  tlie  jjcneml  cliaracters  of  the  (growth  which 
they  yield  on  artificial  media. 

In  the  first  group  may  be  ]>lace<l  the  organiBuiR  which  grow  with  a 
certain  hixurianoe  on  nutrient  agar,  or  nutrient  agar  eontaining  gliico« 
or  raaltose.  This  group  include!;  the  majority  of  the  sjiju-ophytic  special 
whicli  have  been  described,  unil  uUo  a  niunber  of  jKiiusitic  and  patho 
genetic  species,  such  as  Str^ptot/irLr.  l>ofis  communis^  one  of  the  upecipi 
isolated  fi-om  disease  in  man  by  Burestnew,  the  species  which  wen 
similarly  isohited  by  Garten  and  hy  Hesse,  the  three  species  isolntei 
by  the  writer — Shrpiothrh  hitcoUt  and  SfrrjUfilhru  hmninif  III.  juv 
IV.  Koulerti>n — and  several  other  unnamed  s|)ecie8  which  have  beci 
<lescribed  by  other  writers.  Amongst  this  group  thei-e  ai-e  some  whoe 
growth  is  characterised  hy  a  "  mouldy  "  or  earthy  smell,  many  f(*n 
pigments,  many  litjucfy  gelatin,  some  li<piefy  inspiss^Ltetl  blix>d-Bcrum,  an 
some  exercise  an  active  hydrolytic  action  on  starch.  A  noticeabl 
characteristic  of  one  or  two  species  which  have  been  examined  is  Ut 
pruduction  of  a  distinctly  foculcnt'smell,  cspecijdly  in  broth  cultures. 

Next  there  is  a  ^mall  Itut  welldufined  group  of  pathogenetic  strepti 
trichcie  whicli  includes  a  number  of  "acid  fast"  sjtccies — Strrphifit 
tintuwlii^  Stirjtiothfix  t-ppinfjrvi,  SirqdofhrU  rnynr  (Silberschraidt),  and  t) 
organisms  described  by  Sabrazus  and  Iviviere.  Strrptothnj"  mndm 
(Vincent)  may  be  cUtssed  with  these  because  of  its  genei'al  character 
although  the  cultures  of  this  organism  which  the  writer  hivs  examine 
have  Tiot  shewn  any  indication  of  acid-fast  ])ropcrlie.s.  On  agar  the: 
species  yield  a  fairly  free,  nft**n  nu'dy  lonkiiig.  friable  growth,  which  i 
the  alisence  of  pigment  foi-mation,  as  in  the  cane  of  Stri^ttnihrix  wtfittfh 
may  closely  resemble  in  general  appeaniuce  a  typical  culture  of  U,  tabf 
allow.  Gn>wth  takes  place  on  pntato  in  most  cases;  inspissated  Mooi 
serum  is  not  lit^uetied  ;  and  the  cultures  have  not  any  peculiar  smell.  T) 
pathogenetic  actiun  of  these  species  is  usually  well  marked  when  te&U 
on  labomtory  animals.  Sja'^cial  rt'fercnce  to  the  acitl  fast  pn)]>crtios  of  son 
of  these  s[>ectcs  will  be  made  biter  {rUr  p.  :t  1 9).  Lastly,  a  number  of  ou* 
have  been  rtonled  in  which  the  streptothrix  isolated  has  yielded  sut 
scanty  growth  on  artilicial  media  that  ditlicultieR  in  the  identification 
species  have  arisen,  hi  most  of  the  cases  referred  to  the  growth  obtaim 
on  nutrient  agar  has  l»een  very  scanty  and  sluw,  whilst  growth  in  poptoi 
broth  has,  as  a  rule,  Iwen  somewhat  more  vigorous.  Growth  on  int^pissati 
blood-sf-rum  has  been  usually  very  scanty,  sometimes  with  "pitting" 
the  medium.  The  growth  obtjiined  on  solid  rac<ba  is  whitish  in  coloi 
and  markedly  frialtle,  resembling  an  extremely  scanty  growth  of  Ji.  /«/» 
ctdom,  and  usually  dies  out  rapidly  under  the  conditions  of  urtifici 
ciUttire.  Pathogenetic  action  ti»wards  rabbits  and  guineapigs  is  vet 
tmcertain  :  in  some  cases  the  streptothrix  has  j>rotluced  characterist 
nodules  and  the  animal  luu  died,  but  in  perhaps  the  majority  of  cob 
the  organism  haa  apparently  been  u  on -pathogen  otic.     It  in  impossible 
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ttj  how  many  difierent  species  possessing  this  rather  indefinite  char- 
nfUrr  Wve  ^»cf:n  d««tTilHHl :  I  have  isolatetl  organisms  of  this  kiritl  from 
terenl  otsett  of  infection  in  mun.  and  believe  that  amongst  them  it  is 
ponible  lt>  liiiToruiitiiitc  at  any  nite  two  sjv^cies — Stirfif'/firi.r  htimiui^  I- 
juhI  11  Foulerturi.  I  would  also  inchiWe  In  this  grouii  tin;  oiganisni'* 
deicnU'd  hy,  amongst  others,  Kraiise,  Hayo  Hiiins.  and  NorriB  and  Uivkin. 
iim  infections  in  man  ;  I>r.  Dean  has  isolated  from  n  submaxiUary 
itaos*  ill  Ik  horite  nn  or^ranism  in  general  chamcters  resembling  tha» 
dMnlwd. 

The  Natural  Distribution  of  the  Streptotrichese,  and  the  Sources  of 
Infection  for  Man.  —  .S:ii>iophylic  HLreplotiichea'  aiv  widely  disliibiitL-d 
in  miture^  occurring  commonly  in  air,  water,  mid  soil.  Parasitic  species, 
whclljci  pKthogeiiutic  or  not,  have  also  a  wide  range  of  existence.  Soim* 
»re  found  linng  as  parasites  on  higher  mi^mlwrs  of  the  vegetable 
k'mgdoni,  such  as  the  streptotriehwe  which  Bereatnew  has  found  on 
gnuBei.  JIaze  also  has  descril>ed  slreptothrix  forms  whirh  he  found 
noonpt  the  parasitic  colonies  attiicherl  to  the  roots  of  leguminosie,  and 
ipiamiily  similar  forms  have  been  met  with  in  the  course  of  more  recent 
:ttions  into  the  biology  of  thff  root^nodules  which  are  specially 
'i-»  Ml  amongst  vetches. 
Cuming  to  the  animal  kingtiora,  the  lowest  form  of  life  which  has 
tn  ffitmd  as  the  host  of  strep  to  trichea?  is  probably  the  oyster,  the 
ii«  having  isolate<l  a  species  resembling  one  of  those  which  have  been 
water  from  the  body-juicos  of  an  oyster  taken  direct  from  a 
ij'ing  in  an  estuary.  Terni  isolatod  an  organism,  Sinjihihrh- 
f,  from  some  greyish  nodnlcs  in  the  liver  of  Italian  liitards,  L.  rhidts 
affiHs.  Hossi  isolated,  from  abdominal  tumours  found  in  two  fowls, 
which  he  termed  Strejitoihrix  nlhu,  mriehi  toisini,  in  onler  to 
tinciii&h  it  from  a  somewhat  similar  species  previously  described. 
Ajuougst  species  infecting  higher  animals  there  are  Strqftothru  /wnV 
ami  SfirjiMkrir  vorardii,  which  have  been  already  referred  to  as 
iiig  disease  in  cattle,  and  a  welUlitVerentiatcd  species,  Strtjihthrir 
f,  isolated  by  Sillier&cbmidt  fi-om  the  lesions  of  a  disease  of  the  goat ; 
or  less  well-authenticated  cases  of  streptotrichial  disease  have 
ibed  in  the  pig,  horse,  dog,  rabbit,  jind  other  mammalia.  In 
Tn  addition  to  the  streptotrichea^  M'hich  have  been  found  jim  the 
of  definite  disease,  there  are  species  which  not  infrequently  infest 
^h  as  appiirently  harmless  parasites,  although  possibly  potentinl 
disease. 

regard  to  the  commo!i  sources  of  infection  for  man  we  have  as 
hut  little  exact  iuformiition.  With  the  exception  of  fihfi'tofhrix  borh 
\Huii>  i  A''iin'vmjff)i  Imris  Hare),  which  liaa  been  identified  in  only  a 
of  the  nnmernus  cases  of  atreptothrix  infection  in  mun  that  have 
noir  been  invcj^tigated  under  modern  lMicteriologic-;il  conditions,  n*ino  of 
the  species  infecting  lower  animals  has  yet  been  found  to  be  the  cau>K?  of 
ise  in  man.  But  certain  of  the  more  freely  growing  organisms  of 
inotmced  "monid"  type,   isolated    from    cases   i>f  disease   in   man, 
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reseinble  very  closely  a  certain  type  of  these  organisms  whicli  is 
presented  by  such  saprophytic  species  as  Streptothrit  alba  Rossi-Dor 
isolated  from  the  air,  and  Streptotkrix  Uucea  Foulerton,  isolated  frc 
sewage  effluents  and  from  water.  One  species^  Streptotkrix.  hominis  I 
Foulerton,  isolated  from  a  case  of  nephrectomy  for  pyonephritis, 
probably  identical  with  Streptotkrix  radanotica  C.  Price  Jones,  whi 
was  found  growing  on  some  bacteriological  plates  as  the  result  of  aer 
contamination. 

A  knowledge  of  the  occupation  of  those  affected  by  streptotricli 
disease  is  of  some  value  ns  affording  a  clue  to  possible  sources 
infection.  I  have  had  the  opportunity  dimng  the  last  seven  years 
examining  material  from  39  cases  of  streptothrix  infection,  which  ni 
be  classified  as  follows : — 

Infections  of  the  mouth  and  of  the  tissues  of  the  neck       .         ■          .  21  ca 

Pulmouary  streptotricli os is     .         .         .                   .         .         .         .  7  ca 

Renal  streptotrichosis  (probably  primary  infection  of  the  lung)  .          .  I  cai 

Streptotrichial  appendicitis 6  cai 

Right  iliac  abscess  (probably  secondary  to  appendicitis  in  each  case)    .  3  ca 

Streptotrichial  conjunctivitis,  with  sloughing  of  the  cornea         .         .  1  cai 

Of  the  39  patients  from  whom  material  was  ex/imined,  36  were  un^ 
treatment  in  either  the  w.irdsor  out-patient  departments  of  the  Middle 
Hospital,  whilst  3  occurred  in  private  practice  ;  of  the  last,  2  cases 
classified   in    the  following  table  as   "unoccupied"  females,  whilst 
third  was  a  student  of  medicine.     Of  the  36  hospital  pjitients,  most  w 
habitually  resident  in   London,  but   one  or  two  had  been  sent  up 
treatment  from  rural  districts  : — 


[Ta: 


I 


THE  PATHOLOGY  OF  STREPTOTHRIX  INFECTIONS 


3JI 


OccrPATioN  AND  A(iKS  IN  39  Cases  of  Streptothrix  Infection 
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The  frequency  of  primary  streptotrichial  infection  of  the  mouth  in  cattle, 

nsulting  in  the  formation  of  small  nodules  situated  immediately  under,  and 

wmetimes  actually  invading,  the  mucous  surface  of  the  dorsuni  of  the  tongue, 

tus  obriously  su^ested  that  herbage  may  be  a  special  habitat  of  the  strepto- 

tricheae  and  a  possible  source  of  infection.     Further,  the  general  belief  that 

these  infections  are  especially  liable  to  occur  among  those  whose  occupations 

''ring  them  into  frequent  contact  with  dust  emanating  from  dried  grasses,  or 

ifli09e  rural    occupations  render   them   especially  exposed    to   infection    from 

v^table   sources,    is   to    some   extent   supported    by  a   consideration  of  the 

habits  and  occupations  of  the  39   individuals  included   in   the  above  Table. 

Thus,  there  were  4  men  employed   in  stables,  constantly  handling  hay  and 

straw,  and  possibly  addicted  to  the  habit,  prevalent  amongst  those  employed  in 

•tables,  of  chewing  pieces  of  straw  :  in  case  3  there  was  an  empyema  secondary 

to  pulmonary  infection ;  in  case  35  there  was  a  pulmonary  abscess,  with  a 

Hcondary  focus  of  infection  in  the  cerebrum  ;  in  case  18  there  was  an  abscess 

of  the  cheek  ;  and  in  case  28  an  abscess  of  the  neck,  which  presented  itself 

eztemally  behind  the  ramus  of  the  mandible,  and  was  followed  by  several  small 
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ubd<:esiiv4<  iu  tliti  ^ubculuiieutitt  tissue  ia  tlie  utiighbourhood.  Two  of  the  patients 
were  j^inlencrs  :  iu  case  H  iheru  was  »n  abscess  sitimtoil  in  the  floor  of  O** 
maulU ;  and  iu  nige  26  iIiltc  wu'j  ii  ^ubiuuxillury  abscess  presciitiu^  JIm;!) 
externally.  Two  caaes  ocourretl  iu  Iwkers :  case  iiii,  iu  whiili  thtrc  was  o  UrjJ* 
right  iliac  nbsnras,  presuiimbly  secoiulary  (•>  Bp]wuJi<:ilis  ;  aud  cub«  27  «'iih  a** 
abscess  of  the  mandible.  Oil-^c  13  wjis  a  dair>'-uiaiil  witb  au  ubecen  of  it>' 
cheeky/ 

la  addition  to  these  U  patients  u-b(s  because  of  their  occupatiou,  mar  \y^ 
considered  as  specially  liable  to  infection  from  vegetable  sources,  there  were  ^ 
other  cases  in  which  there  were  qiecial  reasons  to  Ijelieve  that  infection  mig^* 
have  been  similarly  conveycil.     Ovse  1 2  was  that  of  a  female  student  of  mediciat!^ 
who  died  witb  exteunive  retro-peritoneal  suppuration  aecondar}*  to  append i<tinik. 
Three  months  before  the  onset  of  the  Hrat  symptoms  of  appendicitis  the  patient 
bad  spent  a  holiday  in.  a  rural  district  in  S^^otlaud,  ami  had  been  in  the  habit 
of  fre<[ueully  cbewiuy  ears  of  growinn  bitrley  and  oat.-*  ns  she  walked  thronj^b 
the  fields.     Ca'^e  23  w&i  that  of  a  cellarnian   with  appendicitis  ;  this  patient 
lived    over   some  slubles  in   a   mews  iu    London.     Case   37,  classiHed   as  an 
"nuoccupicd"  male,  died  wiib  an  extensive  pulmonary  streptolrichosif,  a  lar^ 
focus  of  infection  iu  the  liver,  and  another  iu  the  ourubruni.     The  history  of 
this  case  was  that  after  au  attack  of  scarlet  fever  the  patient  had  spttnt  son:? 
weeks  on  a  farm  in  Devonshire  ;  shortly  after  leavin;^  the  farm  the  first  cv)<lence 
of  infection  wa::^  manifested   in  au  empyem:),  and  death  occurred   al>out  four 
mouthR  aftcrwarilfl.     To  these    1 2   caacs  may   be  added  a  group  of  (i  others 
occurring  amongst  those  occupieil  in  tailorings  or  drea.^? making,  and  possibly  in 
the  habit  nf  passing  cotton  or  thread  between  their  lips.     Case  22  was  that  of 
A  tailor  witb  an  absoesa  of  the  mandible :  case  1,  a  tailoress  with  pulmonary 
8treptotricho«tiR :  cose  SI,  a  tailoreM  with  an  abscess  of  the  mandible :  case  %%, 
a  tailorvss  with  au  acute  parotid  nbscc6j< :  case  24,  a  dressmaker  with  a  sub> 
maxillary  abscess    which    presented   externally :    aud    case   33,  a  dreasmakyr, 
died  after  an  opemtion  for  strcptotrichial  appendicitis,  with  extensive  suppura 
live  thrombosis  of  the  sujwrior  mesenteric,  splenic,  and  portal  veins,  which  after 
death  were  found  to  Ikj  densely  iufucted  with  a  elroplotbrix. 

Amongst  the  39  cases,  then,  there  wc-re  IB  at  least  in  which  there  were 
reasonable  probabilities  that  the  infection  might  huve  been  derived  from  a 
vegetable  source  The  occnrrenco  of  two  cases  amongst  bukera  is  of  some 
interest  as  suggesting  a  possible  explanation  of  a  portion  of  the  high  mortality 
^m  phthisis  among  flour  -  workers :  there  is  no  evidence  that  this 
phthisis  is  due  to  U.  fubnYufoAi^  and  the  association  of  streptotnchen  with 
grain  suggests  the  possible  nature  of  some  of  the  cases  occurring  amongst 
those  engage«l  in  handling  flour.  In  some  of  the  cases  of  alveohir  abace«8  of 
the  mandible  there  was  evidence  that  infection  bad  occurred  through  a 
carious  tooth. 


The  Pathogenetic  Action  of  the  Streptotrichese. — The  most  common 
anutomicjil  matiife^t^itioii  of  a  sti'eptotbrix  infection  rt'sultji  frum  iht* 
development  of  noilulcs  and  larger  miosscs  of  gniniilomatou.s  tissue  nround 
the  iiivailing  parasitea.  This  newly  fotTnod  tissue  may  undergo  any,  or 
all,  of  the  eh;inges  to  which  ^uch  tiBsuo  is  liable  whcit  developed  in  the 
course  of  an  infection  by  it  vegetable  paiusite  :  that  is  to  say,  the  parasite 
biiviiig  died  out,  the  nowly -formed  tissue  may  disAp^X'ar,  leaving  the  part 
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bm  little  altered  in  npponniiice  and  ifai?  nite  of  infection  xnnrked  only  by 
«u  ituii^iiiicaint  ciculrix ;  ut  the  giitniiloma  uitiy  oasoau*,  ami  sonK^iimt*- 
hrcome  enlcifiud  ;  or  the  niw  tissuo  may  slowly  brottk  down  into  » 
punilerii  Anid,  or  may  titirliM'go  nf'croti<'  dmn^i-s  in  niAw$.  Then  Agiiin, 
UDc  of  the  strcjitotrichcrt'  arc  actively  pyngenotie  imdcr  corUiin  con- 
ilitipM,  and  an  ncnt*?  abscess  may  mark  the  site  of  inlection. 

Spenking  genumllyf  it  may  be  said  that  ihu  (tlreptolricliea;  which  ani 
i)k  cause  of  human  infections  arc  not  by  themselves  apt  to  prodnce  any 
» err  marked  constitutional  symplonis  or  eflecta,  either  by  the  secretion 
(rfjftively  vinilent  toxins  or  hy  the  production  of  like  IkhIips  bv  deconi- 
iwinon  of  the  tissues  in  which  they  may  he  growing.  But  some  of  the 
tiftjptntricheje  have  a  fnirly  active  ]tmx\  action,  evidi-nced  by  the'  fornm 
tiou  [if  Acute  absccsscB  and  explained  in  part  by  the  fact  that  some  of 
\km  Kcrete  actively  pept4)ni6ing  ferments. 

The  luicompIicHted  action  of  the  streptotnche.T,  thf-n,  is  not  usnnlly 
nuuiifci^tcd  by  severe  general  symptoms,  but  rather  shews  itself  in  thr 
{ibTiical  results  of  the  formation  of  new  tissue,  and  in  the  residts  of 
iiflRrUctii>n  of  the  tissues  actiULlly  infected,  (lenerally  it  is  only  when 
the  granulomatous  tissnu,  having  broken  down,  has  become  the  seat  of 
t)(lar3'  inreclion  by  pyogenetic  cocci,  or  other  oigauisms  whith  secrete 
ciitt  tiial  have  a  marked  general  effect,  that  the  wasting  and  more 
constitutional  symptoms  which  occur  in  advanced  cases  of  strepto- 
are  seen. 
Tile  acconipiishnient  of  a  rmtiiral  cure  in  gtreiitotriclioses  would  seem 
be  w>mi»ratively  freipient,  and  must  l)e  borne  in  mind  when  con- 
ring  cftses  of  Ajf[iarcntly  curative  action  of  drugs.  The  tendeney  to 
ml  cure  must  also  be  rememt>ered  as  a  jXMtsible  explatuition  of  ca^es 
vfaicb  streptotrichial  lesions  occur  only  in  p;irts  which  would  not 
»le  to  become  the  seat  of  a  primary  infection  from  without ;  thus, 
le  focua  of  infection  in  the  liver  it  if*  always  possible  that  tl»er« 
Irhave  )teen  a  primary  infection  of  some  part  of  the  intestinal  canal, 
initial  lesion  having  meanwhile  become  healed.  In  fact,  there  is 
reason  to  believe  that  the  life  of  individual  organisms  in  the  infcct^'d 
is  bat  short,  and  it  is  probable  that  the  conditions  of  parasitic 
«ntt«ice  in  the  tissues,  unle:»ft  the  lesion  is  so  circumstinceil  ibnt  air  has 
to  the  organisms,  arc  not  favourable  to  sponilation.  Hence,  when 
urganii^nis  are  conliruM)  in  a  limited  space,  as,  for  instance,  itt  an 
ca^ty  or  in  an  empyema,  they  probably  soon  die  out;  this 
ability  atTords  an  explanation  of  some  of  the  numerous  cases  in  which 
inipoasible  to  obtain  any  growth  on  artificial  media  from  material  in 
rb  AU  abundance  of  streptotrichial  forms  can  be  seen  under  the 
aicrci9coi>e.  When  there  is  a  progressive  iuvas^iou  of  the  tisi^ues,  how- 
r,  nr  whrn  disseminutinn  in  remote  parts  occurs,  the  parasites  grtiw 

rencwfd  life  in  the  fresh  soil. 
With  regard  to   the  spread  of  infection  by  direct  continuity,  or  by 
ity,  of  tissues,  there  aie  marked  contracts  in  the  selected  {tath  of 
;tion   in   different  circumstances.     Thus,  at  one  time  a  progressive 


invusion  of  fresh  tissue  occurs  ivitkout  regard  to  anatomical 
as  is  not  infrequently  seen  in  the  course  of  a  pulmonary  »treptoLric 
In  such  a  case  the  jw»ia»ite  from  iht;  lung  may  infect  a  eompanitivclj"  tni 
area  of  the  pleural  membi*ane,  and,  then   passing  directly  through 
chest-wall,  give  ri»e  to  an  external  absc**sa.     This  perforating  temJ 
very  marked  in  some  forms  of  pulmonary  streptotrichosis  ;  and  is  pro' 
much  raoie  common,  nut  merely  relatively  to  the  numlwr  of  duig 
cases   Imt  absolutely,  in  crises  recognised  as  pulmonary  streptoirii 
than  in  ca«i'«  recognised  «»  pulmonary  tubercidosia.     But  in  oth 
iMimstances  one  observes  a  marked  tendency  for  the  i»ath  of  infectj 
run  along  planes  ol"  suI>ciit;int'Ous  or  other  connective  tissue  :   for  iiislAr 
after  porioratiou   of   the   chest  wall   there   may   be  a  widely  spread 
infection  of  the  subcutaneous  tissue  of  the  chest,  after  an  appendicitU 
may  be  an  extensive  infection  of  the  retro- peritoneal  cellular  tiasll 
after  an  infection  of  some  part  of  the  mouth  there  may  be  progn 
infection  of  the  subcutaneous  tissue  of  the  front  of  the  neck. 

Disscroitifition  of  the  |mnisite  from  earlier  foci  of  infcclion 
both  by  the  lymphatics  and  by  the  blood-vessels.  Sprei 
infection  along  the  lymphatics  may  be  seen  in  its  most  typical 
in  the  expori mental  infection  of  lower  animals  by  such  a  sped 
Streptothrh:  nortmiii,  when  under  appi-opriate  conditions  the  o: 
pTOgress  of  infection  by  the  lymph  paths  may  be  ;w  obvious  na  i 
case  of  infection  by  li.  tnherculmU  in  similar  rx|K'nmcntal  circurast 
That  infection  by  means  of  the  blood-vessels  also  occurs  is  ( 
demonstrated  by  the  distribution  of  the  secondary  lesions  in  many 
of  human  disease. 

When  invasion  of  boalthy  parts  occurs,  whether  through  dir< 
Lumity  of  tissue  or  l>y  dissemination  by  lymphatics  or  blood-veft«cl| 
probable  that  the  organirtra   is  usually  conveycil  in   the  form  of 
rod-ftegmcnts,  and  not  in  the  smaller  spore-form.     In  some  eircumstt 
as  when  a  suppurating  cavity  in  the  lung  is  in  communication  wit 
air,  spore-forms  may  Iw  present  in  abundance,  and  being  conveyed 
where  may  doubtless  originate  fresh  foci  of  infection.     But  in  lesio 
which   air    has    not    had    access    the  organism    is  found,   according 
my  exjwrience,   generally   in   the   typical    mycelial  form   or  as 
rod-segments.     A/id  on  examining  sections  of  tissues  at  the  ed 
spreading  area  of  infection   the  earliest  foims  of  the  parasite 
usually  such  aa  would  suggest  that  growth  of  the  organism  is  occ 
by  the  sprouting  out  of  a  single  rod-segment^  or  perhaps  a  coUec 
two  or  three,  rather  tlian  that  the  jmrasito  is  from  the  first  develop 
in  the  typical  '*  ray  "  ffLshion  fmra  a  ccnlml  s|K>re :  the  ray  arrnngcn 
of  the  mycoHnm  in  organisms   that  are  growing  in  the  tissues  is  usu 
seen  only  at  u  compamtively  advanced  stage,  and  nut  in  the  earliest  si 
of  growth  OS  is  observed  when  development  from  a  spore  occurs 
broth  ctilture. 

The  anatomical  distribution  of  lesions  and  tlie  clinical  course 
disease  vary  greatly  in  cases  of  stroptotrichetc  in  man,  and  prol 
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tlw«er«ral  8petri«fl  of  streptotrichew  which  have  Uiihorto  been  identified 
have  each  their  special  inodo  of  jwtho^notic  iiclion.  But  the  niimber 
of  cues  m  whicli  ofireful  rocoi-d  has  been  made  of  both  iho  tliiiital 
tetuniof  the  diisojwe  hikJ  the  bacteriolopcMl  chnracUTs  of  the  intueliii^' 
puwite  i$  atill  sr>  siiiall  that  ex.tct.  kii(i\vle(i;^«>  ^\ilh  regaiil  tn  ihiH  point, 
jiirh  i«  would  be  of  vahxe  in  formulating  a  prognosis,  await.s  further 
intvuti^tion  of  individual  cases.  It  is,  however,  prolial>le  that  so  far  us 
prognosis  is  concerned,  the  anatomiciLl  sttitatiun  of  the  Kfal  of  primary 
tofcctioD  is  as  important  in  streptotiic-hosos  as  it  ib  in  many  bacterial 
iii  i'-')^.  From  this  jwint  of  view  projL^nusia  is  gfuerally  more  and  more 
ii; :-  ..iirtible  according  as  infection  first  occurs  in  tht;  tissues  about  the 
mmith,  in  the  intestinal  tnu't.  and  in  the  hin^s.  And,  ajKirt  from  this, 
it  mkV  be  added  that  par;iaiteK  Itehingiiit;  to  the  "aeid-faKt"  group  of 
•tr-[ttoiricheie  nre  esfHjcially  likely  to  be  the  cause  of  widely  disseminated 
infwtion,  with  corresjfondingly  serious  results. 

The  Identification  of  StreptotHcheie  as  they  occur  in  Infected 
Tissues,  in  Pus,  and  in  Sputum.  —  "In  de^icnhf  ihr  l«ctfnolu,L'ieai 
IifTKyiJurc  neces&iry  for  the  isolation  and  identitieation  of  diH'er'Cht  species 
of  nreptotriciit'a.'  would  be  outside  the  8co|x.'  of  the  present  ai'ticle,  and  it 
i»  Wily  necessary  now  to  refer  very  brieHy  to  the  ap[>eararice  of  these 
{Mnuitcs  geneially  when  occurring  in  morbid  material. 

With  re^rd  to  appropriate  attaining  methods  it  may  bo  stated  that 
Gram'?  nielhrKi  stains  all  the  known  sirepi«)trichea*  well  extepi  the 
drgenemitd  fiortions  of  tin?  organism  when  thi;  stage  of  segmeriLation  is 
u>  progress ;  and  this  mcthiHl  is  generally  the  most  convenient  for 
pirpoacs  of  dia^osis.  Some  B[>ecius  aUo  sUiin  by  the  Ziehl-NcoUca 
iMtiiOfI  commonly  used  for  the  demonstration  of  //.  iHltrrculmU. 

Tlie  peneral  ap{>earance  of  tlie  piirasite  as  it  occurs  in  the  tissues  in 

tlWriy-fungiis  "  form  is  well  known  ;  but,  as  alrejuly  fitJited,"tho  earliest 

n*gc  of  groivth  of  thu  i):irasite  in   the  tissues  may  appear  as  a  small 

wJIcction    or   clum})   of   short    rod  -  segments,    the   "  ray "  armngcment 

becoming  obvious  ojdy  at  a  slightly  more  advanced  stage  of  gn>wth.     In 

*«tion8   of   tissues   atfectcd    by   stpcptoirichosis    there   are  occasionally 

a>llections  of  very  fine  njund  particles  which  are  much  smaller  than  the 

■pores  of  a  streplotlirix  ;  these  collectitins  proltahly  represent  the  remains 

of  DUMses  of  mycelium  which  have  die<l  out.     In  examining  sections  cai  e 

aiat  be  taken  not  to  mistake  the  rounded  tnmsverse  section  of  a  filament 

hT%  spore,  the  latter  are  not  found  in  ortlinary  circumstances  in  sections 

of  infected  cissae.     Reference  must  also  be  mode  to  an  appearance  of 

"clubbing"  at  the  end  of  the  mycelial  filamt'nts,  to  which  some  authori- 

tiia  have  attached  considcr-able  importiuice  in  the  cbfferentiation   of  Ihes** 

uiisms.     This  appearance,  however,  is  very  variable;  "clubs"  may 

found  in  one  part  and  not  in  another  of  the  same  case,  and  I  am  not 

incKned  at  present  to  attribute  much  speciHcimport^ince  to  iheir  presence. 

In  pus  the  adult  painisitos  take  the  form  of  <tonge  tufte  of  mycetiuni« 

exActlv  tike   those  seen   in  cultures  in  an  artificial   fluid   medium,  and 
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under  thesu  uoiulitioris  there  will  riover  W  any  difficulty  in  identifying 
the  nature  uf  the  infection.  But  in  the  caso  of  an  old  jvUscet*!*,  in  tlit  p»i^ 
of  which  the  iwrivsit*.'  hiw  uinlery;ont'  coniplelo  segnn-iitAtion,  there  iiiJiy 
be  ^reat  ililliciilty  in  ilifTcrontiiiting  between  a  streptotrichinl  niid  %f\\\vt 
form  of  luLcillary  infection  by  meAns  of  microscopic  examination  only- 
Thus  in  the  pus  obtained  from  an  old  empyema  there  may  only  l»e » 
number  of  beaded  i-ods  which  stain  by  Gram's  method,  and  at  first 
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are  not  to  t>e  dUtinguished  from  bacillary  forms.  But  careful  examination 
in  such  a  case  will  often  discover  that  one  or  two  of  the  Mdsegments 
have  ^hort  latenil  branches  still  attnohol,  and  possibly  some  longer 
filaments  with  wavy  outline  will  be  found.  In  thcfio  cases,  of  courst% 
cultures  will  at  once  settle  the  question. 

In  sputum  all  stages  of  the  organism  may  frequently  l>e  seen  side  by 
Bide,  myceU:i[  tufts,  smull  clumps  of  n^d-se^nients  imd  longer  Itlnmeatn^ 
and  sometimes  numerous  spores,  which  hist,  however,  cannot  be  differen- 
tiate<l  from  onlinary  pyococci  by  microscopic  examiiiatiou.     There  u. 


bovercr,  other  eridence  availaMe  as  to  the  nature  of  tbe&e  spbcricai 
boili(B|  wfaoAc  presence,  more  |jarticuliirly  in  the  discharge  fruiii  pitlmon- 
uv  jtvepuitrichosca,  is  probaljly  duo  to  the  fuot  that  the  access  of  air  to 
tatitiwi  in  the  huig  favours  the  B^ioiulatioii  oi  slreptotiicht'it  thai  may  be 
^wing  there.  The  fre^iuent  occuiTence  of  s[)Oruhuir»ii  in  the  drcutn- 
•tiMM  of  pulmonary  infection  has  doubtless  somo  inHu<'nce  in  making 
the  |>n)gnosiis,  s(>eaking  generaily*  less  favourable  in  cases  of  pulmonar)* 
ilnplotrichusis  than  when  the  primary  lesion  uf  inferlton  is  eUewhere. 

In  some  cjises  the  mycelial  tufts  found  in  disoliar^os  are  completely 
cwnuied  with  gritty  crystalline  matter  which  m;iy  obscure  the  nattire 
of  the  u^canulcs  until  tliey  have  been  crusherl.  This  crystalline  niiUtor 
ntiiu  the  anilin  stain  very  deeply  when  the  granules  are  stained 
by  Grain's  method,  but  its  chemical  composition  is  not  known.  The 
eiicrertation  of  the  mycelium  is  apparently  much  eommotier  in  l»ovine 
than  ill  human  streptotrichosis,  it  is  probable  that  it  is  peculiar  to  certain 
*[ie(ie8:  ^u■lhe^,  it  may  occur  intl  only  when  the  orpiriism  is  existing 
firulfr  |iari»sitic  conditions  bnt  also  in  cultures  in  ordinary  peptone  broth, 
rite  pus  fnim  a  strcptotricliial  abscess  in  which  the  parjtsito  is  present  in 
niluirc  may  have  a  strtin;;ly  fectdent  iMJotn' ;  thi^  has  iieen  noticed 
pu»  frtim  pulmonary  infections  as  well  as  in  those  connoctcil  with  the 
ifumi  ap{>endix. 

The  Relationship  of  Bacillus  tuberculosis  to  the  Group  of  Acid-fast 

Streptotricheie. — The  question  tit  thi-  existence  fif  u  close   relalidnsliip 

twcen  the  streptotricheie  and  certain  reputed  schizoniycetes  or  fission- 

ii^i — more  p^irticularly  the  parasites  which  cause  ^danders,  diphtheria, 

tnliercidosis — has  been  i-aised  by  many  pathoio^sts :  and  evidence  of 

relationship  may  lie  considered  in   the  tirsl  place  with  respect  to 

ity  in  general  morpholojiy  and  biological  characteristics,  and   then 

rpspcct  to  similarity  of  pathogenetic  action. 

With  regard  to  l!<fcillus  malUi,  it  may  be  ]x)inted  out  that  the  evidence 

ntliitionship  bnuight  f.irward  is  mainly  that  under  certain  cfjnditions  of 

lure  nu  artificial   media  this  S|)i^cic8  assumes  *'clnbl»ed"  tihunentous 

(I  Unuicbing  forms  (Gal li- Vail orio),  which  certainly  resemble  some  of 

rrKl-«egraents  which  may  be  seen  in  tlie  culture  of  a  streptothrix  after 

mentation  of  the  mycelium  has  occurred.      Itut  it  is  probable  tliat 

«e  inorpholoj;icaI  varintions  of  the  bacillus  are  merely  the  accidental 

itMohuion  "  forms  of  a  fission-fungus,  and  are  not  com^wirablc  with  the 

tjmtly  occurring  forms  of  a  reguhu-  phase  in  the  normal    life-cycle  of 

othrix.      For  the  rest,  B.  mallei  is  in  its  method  of  reproduction 

fiuionfun^is,   sporulation    is   not  known   to   <x%ut\   and   the 

nism  is  strongly  differentiated  from  all  the  known  streptotricherc  by 

fltatning  with  (iratn's  melho<I.     Again,  there  is  no  such  resemblance 

ween   the   {with ogene tic   action  of  Ji.   mdln   and    ilic    stroptotricheie 

ei-ally  a^  would  of  itself  suggest  any  nejir  relationship. 

bi  the  case  of  Jiaailus  tlyihthrriir  the  general   morphological  similarity 

the  forms  occurring  in  cultiu'ea  on  artificial  media  to  the  i-od-segmenta 

many  streptotricheaj  after  the  occun'enco  of  fragmentation  is,  again^ 
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striking ;  and  in  both  c?t96s  gooil  staining  is  obtained  with  Gt 
rnethtxt.  But  neither  in  cultures  growing  on  ailificifil  media  nor  liye? 
amin.'Uion  nf  the  or^niam  afi  it  has  grown  in  memhraiies  in  eases  of  dis«tL«iJ 
IB  there  any  evidence  that  the  bacilhis  of  diphtheria  has  an  early  niyceliiJ 
Bingo  sneh  ua  is  characteristic  of  the  streptotrichea:'.  Meyerhort',  it  is  tree, 
has  conti?nded  that  the  "cUiltbed  "  and  branching  forms  found  in  cnltnrw 
of  i>.  iUiMUfi'm-  under  various  conditions  are  tho  true  and  characteristic 
fomi  of  the  spociea,  but  this  opinion  has  not  Vwen  generally  accepted.  Xoe 
can  it  Iw  said  that  there  is  any  refisonabte  resemhtance  l>etM'een  tlu 
pathogenetic  action  of  the  UaciHua  and  that  of  the  known  streptotricheie  { 
the  severe  toxa'mia,  w^hich  is  the  prcrlominating  pathologica.1  fe-atiirc  ol 
diphtheritic  infection,  bus  no  eounCer|>art  in  any  cases  of  sirepiotnchoeu 
hitherto  recordeii. 

But  though  for  practical  purposes  these  two  species  mnat  meanwhili 
continue  to  be  classified  nniongst  the  fiasion-fungi*  it  is  possible  tha 
their  branched  and  HIanienlou.s  fornn  are  not  in  rejdity  iii<ticntivo  of  i 
degenerative  stage  in  the  life  of  the  organism,  or  are  not  "involntioi 
forms  "  as  they  are  generally  termed,  but  that  they  should  bo  regardr* 
as  evidence  of  a  commencing  evolution  of  a  fission- fungus  in  the  directioi 
of  a  higher  type  of  life. 

With  regard  to  HncHhn  UO'trrnlom  the  position  is  ultogethor  differenl 
and  many,  with  whom  I  agree,  consider  thai  there  are  strong  reason 
for  belie\itig  that  thi?  proper  botanical  pi>aition  of  this  species  i 
amongst  the  streptotrichea*.  The  reasons  for  the  transference  of  / 
fuhfreuJo<tii{  from  amongst  the  Bssion-  to  the  mould-fungi  were  first  state 
at  length  by  Coppen  Jones  (1895).  This  writer,  after  referring  to  th 
opinion  of  Motchnikotf  (liitSS)  that  B.  tuft^culo^is  reproscnied  not  a  fiiui 
stalye  but  only  a  phase  in  the  life-history  of  a  "  threatl  bacterium/'  Un 
to  the  opinion  of  Fischcl  (1893)  that  the  specien  "is  no  Ijacillus  in  ill 
sense  of  morphology "  biit  in  its  saprophytic  stage  when  growing  o 
artificial  mwlia  belongs  probahly  to  a  family  ot  higher  pleomorphi 
moulds,  gave  the  results  of  bis  extensive  observations  on  the  morpholog 
of  the  organism  under  vnn'ous  conditions,  and  pointed  out  the  sirou 
resemblance  between  it  and  Aiiinvrntjccs,  Although  veiy  little  fres! 
information  has  been  forthcoming  with  regard  to  the  biology  of  / 
tuhrrtudom,  the  consider-able  additions  to  our  knowledge  of  the  streptc 
trichem  Imvi*  fltrengthene<i  nialeriully  the  belief  held  by  these  writ^-rs. 

With  reganl  to  raorpholog\'.  it  may  bo  said  at  once  that  under  man; 
conditions  of  artificial  culture  H.  hibfrcuhfh  presents  forms  which  ar 
indistinguishable  fn>m  those  assumc<l  l>v  the  streptotrichea',  and  it  i 
highly  prnlnible,  but  not  prove*!,  that  the  earliest  stAge  of  grciwth  of  th' 
orgiLiiJsm  in  artiKcial  meilia  is  a»  that  of  a  istroptothrix.  Further  informfi 
tion  on  this  point  is  necessaiy  :  the  dithculty  which  cause?  the  preson 
unciM-tainty  on  thi«  point  is  probably  the  same  as  that  already  mentioniM 
a*  olwcuriit^  the  complete  morphologic-al  cycle  of  the  more  slowly  growinj 
Btroptotrichea',  namely,  that  segmentation  and  fi-agniontjition  of  thi 
mvcelium  are  nearly  coincident  in   point  of  time,      liabcs  and   Le\'ndic 
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han  thewrn  ibnt  on  examining  early  tabervulous  lesions,  aiich  as  the 
racent  nndulee  on  the  dnni  mater  induced  by  intnivonous  infection  in  tho 
nhlm,  Uie  **  bftctllus  "  is  found  in  u  chamcteristic  ray-fungus  form  ;  these 
obHmttona  have  been  con6i'nic<:l  by  others. 

Ad  im|)ort*inl  point  urtsing  in  the  consiUeriition  of  the  relutionahip  of 
S.  t^ttifrcuiiKfis  to  the  Hsiiion-fungi  on  the  onu  hand  ami  to  the  8trepto- 
mdifft  on  the  other  is  the  ciuostion  of  thermic  death  point,  which  itself 
is  intimately  connected  with  the  question  of  fipore-formjition.  And, 
itlliough  this  haa  not  hitherto  been  jKrinted  out,  the  evidence  obtainable 
ID  tluB  direction  is  strongly  in  favour  of  relationship  with  the  atrepto- 
tricbec.  The  thermic  deatli  -  [wjint  of  K  tuhermlt/^iH  has  long  been 
rocogntscd  by  Uicteriologists  as  anomHloiia  for  a  liacillus.  Thus,  with 
exposure  to  moist  heat  for  a  period  of  from  10  to  15  minixte?  the  thermic 
UMih-point  of  tht*  baeillaceie  is  either  between  55'  ('.  and  65"  C.>or  at 
100  C,  or  upwards,  accorrling  as  the  orgnnism  tcste^l  ia  a  sporing  or  a  non- 
i^pwinj;  one,  while  the  thenuic  death-point  of  Ji.  tuberru,lo$\8  is  intermediate 
m  position.  The  exact  thermic  death-j^rairit  of  />*.  ttdtercMUiMA  as  a  matter  of 
Urt  h]u  not  yet  been  ascertainc*!,  possibly  hcciiusc  more  than  one  species 
ii  »t  present  recognised  under  thi-  name,  or  possibly  because  of  the 
occnrrence  of  spore-forms  in  the  cultures  tested,  but  the  majority  of 
oksenera  place  it  between  70'  C.  and  85''  C. ;  I  have,  huwever,  observed 
onertrain  with  a  thermic  death-point  as  high  as  90'  C  with  an  exposure 
loiBdin  heat  of  15  minutes'  duniiion.  Hut^  at  any  rate,  thcKO  theiTuic 
■    '  -,  anomalous  for  a  bacillus  whether   in  a  sporing  or    non- 

.'■,  are  at  once  explained  by  the  hypothesis  that  it  U  a  mould. 
Uicmnc  death-points  of  the  mould-fungi  vary  within  wide   limits; 
'i  the  observfttions  of  Dr.  C  Trice  Jones  and  myself  shewed  that  for 
10)'  streptotricheie  examined,  the  theinnic  death-points,  with  a  lime- 
tjxwurcof  riO  minuter,  were  between  60"  ('.  and  7n    C.     Further,  with 
'StTeptotriche.TB.  as  with  other  moulds,  the  diflerenco  Iwtween  the  thermic 
(ints    of  the  same  organism,   according  Jis  it   in  in  an   actively 
or  in  a  Kporulating  stage,  is  not  ne;u'ly  as  great  as  it  is  with   the 
^tUacese,  a  ranjjc  of  temperature  Iwtween  5'  and   15'  C,  representing 
difference  iji  species  of  streptotriclie;c  selected  for  the  testing  of  thi& 

We  may  next  consider  the  "acid -fast"  property,  duo  to  the 
prcMace  of  a  waxy  subsUmce  that  enters  into  chemical  combination  with 
faehsin  used  in  the  Zichl-Xeelnen  method,  which  is  connnon  to  a 
ip  of  the  streptotriulieie,  Ii.  iahet'ralosU,  and  cerUiin  other  reputed 
llncew.  The  number  of  acid-fast  st  re  plot  rich  eie  as  yet  isolated  and 
fully  described  is  comparatively  small  ;  and  the  more  important  specietj 
iilready  Iwen  mentioned,  nariiely,  .V.  rpp'm/ieri  and  the  organism 
ribed  by  Habrazes  an^l  Uiviere  occurring  in  man,  and  S.  luirardii 
S.  aifrrw  oecturing  in  lower  animals.  1  have  examined  cultures  of 
fldi  the^e  and  have  found  that  |mm  tions  of  tliree  of  them  were  identical 
mth  B.  tu>tticoh>(is  as  regards  both  '*  acid-fast  '  and  "  alcohol-fast "  pro- 
perties.   The  fourth  species,  a  reputeil  culture  of  the  organism  isolated 
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by  Sabrnzcs  and  Kiviere,  u'asacMfast  after  treatment  with  a  33  per 
S(>lution  of  nitric  acid,  but  was  decolorised  by  a  subsequent  washing  wil 
absohiic  alcohol.  In  Uicim;  sLrepUjtricheu?  the  "  acid-fnst "  pnjpertiw  arc 
not  present  in  the  earlier  stages  of  growth,  and  arc  prol>ably  only  acqtuped 
after  segmentation  has  occurred  ;  further,  the  number  of  acid-fast  sagmentf 
in  these  four  specie^  while  incre-tising  as  the  culture  ages,  is  always  limited. 
so  that  in  ciUtures  up  to  eight  weeks  old  the  acidfast  rod  segments  arc 
always  present  in  much  smaller  number  lh;in  the  rod-segment«  which  haTC 
not  developed  this  jii-operty.  As  to  liow  far  cultures  of  il.  tuJ^ercuiant 
correspond  with  oulturos  of  those  streptotrichea^  as  regaixls  the  ftC<iTure- 
ment  of  acid-fast  properties  we  ai'e  at  present  without  accurate  infor- 
niation,  nithougli  as  long  ago  as  1880  Dr.  Klein  points  out  that  the 
b:icilli  were  not  acid-fast  in  the  earlier  sUigc  of  their  growth.  It  miwi 
he  noted  that  as  ro^'aitls  the  four  streptotrichete  mentioned  it  is  onl) 
the  roil-segments  that  actjuire  acid-fast  pro|)erties,  the  sjwrcs  not  staloinj 
either  by  the  Ziehl-NcoUen  or  by  tlie  MiwUer  metho<i. 

Amongt^t  other  points  U^Hring  rm  rhe  tpit^stion  at  issue  are  the  st 
fiimiUrity  between  the  appearances  of  cultures  on  artificial  media 
taOrrruii'inis  aitd  of  certain  of  the  streptotricheie,  such  iis  6'.  mwrtrrfii,  aM 
also  the  compiiralivo  dilficulty  in  Hrst  transplanting  both  H.  tub^reuloii 
;irul  some  of  the  streptotrichcje  from  jiarasitic  to  saprophytic  conditioni 
and  thu  slowness  and  sc^mtinoss  of  it«  growth  in  the  first  culture 
obt:iinoil  on  urtificiiil  mcdifi.  In  short,  with  the  exception  of  the  singl 
doubtful  point  as  to  whether  J?,  ttihffmlosi.-t  in  its  earliest  stage  of  gro^ 
develo[)s  from  a  3[)ore  in  typical  streptothrix  fashion,  there  is  no  pmnt  o 
essential  difference  witli  regard  either  to  morphology  or  to  biology 
generally  that  can  be  raised  against  the  acceptance  of  the  generi 
rt^lationship  of  this  or;i:inism  to  the  group  of  acid-faat  streptotriohe« 
While  there  is  ao  obvious  a  general  resemblance  between  the  mod 
of  pathogenetic  action  of  U.  tuberculosis  and  of  the  sti-eptotricbeie  as  i 
class  that  streptntrichoses  have  been  included  amongst  the  diseases  <onu 
times  design.it*f<l  liy  the  ill-<;hoaen  term  "  Pseudo-tuberculosis"  (40),  Hi 
specially  interesting  to  compare  t!ie  bacillus  in  this  respect  with  member 
of  the  groujt  of  acid-fast  streptotrichea\  First  with  regartl  to  experi 
mental  infections,  intra-pniitoneal  injection  of  a  culture  of  S.  mx^ititlii  a 
tS.  cppingeH  into  a  guinea-i)ig  gives  rise  to  what  can  only  be  doscribei 
anatomicjdly  as  a  generalised  tuberculosis;  the  results  of  ex{)enment« 
infection  under  these  conditions  with  either  species  ai*e  pi'acticall; 
indistingiii.'*hal>Ip,  both  lietween  themselves  and  from  the  results  of 
similar  itd'eclion  by  Xf.  tuhavtii^isisi.  Further,  in  all  the  three  cntet 
examination  of  cither  "  smear"  preparations  from  the  noJulos  of  granule 
maton.s  liasue  or  of  sections  prepfired  in  the  ordinary  way  will  shew  roc 
segments  which  stain  bythcZiehl-Xeelsen  mcthoil — the  specific  ditferent^ 
tion  of  the  nature  of  the  three  infections  can,  in  fact,  only  be  eiTect«d  h\ 
the  isolation  of  the  t)arasit«  concerned,  and  the  study  of  its  culttin 
characteristics.  With  S.  nocaniii.  in  particular,  experimental  infection  c 
the  subcutaneous  tissue  is  followed  by  an  abscess  at  the  site  of  inocoli 
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iti.  with  a  progressive  infection  of  the  IvQiphatics  leading  from  the  spot 
of  the  gltiDds   into  which  the  lymphatics  pass;  but  acconliiij^  to 
lortrd  the  general  coiirae  of  iiifection  is  slower  in   the  circumstances 
thui  would  be  the  case  with  h.  iuhtrculosis. 

WTulat  there  is  this  obiious  similarity  in  the  pathogenetic  action  of 
titlerruiuta^t  and  the  two  acid-fjist  streptotrichea;  under  experimental  con- 
tho  number  of  recorded  casea  of  streptotrichosis  in  man  from 
aoid-fast  organisms  have  been  isolated  is  still  so  small  that  it 
woH  be  unprofitable  to  attempt  any  comparison  between  them,  as  apfirt 
(rm  cases  of  streptotrichosis  generally,  and  the  dilfcreut  forms  of  tuber- 
culosis. The  following,  however,  may  be  mentioned  amongst  cases  of 
iuiixtkin  due  tn  this  particular  group  of  strcptotricheffi  as  illustrative  of 
tbe  lenons  which  may  occur. 

E]rtiijiger'«  patient,  a  glA«»-poIiiihcr  aged  fifty-two  years,  was  admitted  into 
bcipital  with  a  diagUd^iM  of  iiienmgitiH.  After  death  ttie  following  lesions  were 
tcmA:  1  '*pNeud<^-tuhcrctdosis  "  of  tbe  lungs  and  pleun-,  nxilli  old  caseuuv  uodnlea 
ill  the  apii'es  aiid  uilcureouit  degeuexaiioii  *j(  the  ImMichial  aiul  ituprn-clavicular 
^iutitt  U^lher  with  a  cerehral  ahecesa  which  hatl  raptui-ed  into  the  vontricIe«. 
&  ffpntftri  was  isolated  from  the  lesions.  Aoyania  iukI  I!kliyuniiit<j  isolated 
vhit  WW  apparently  the  same  streptothrix  from  the  .sputum  and  From  tbe 
f'lund  in  cavities  in  the  long  in  a  caf>e  which  is  deacrihed  as  liaving 
dmically  like  that  of  Eppinger'a.  Major  Itirt  and  Col.  Lei.>4hnmn  have 
a  case  in  which  small  uodales  were  found  in  the  Iving,  with  an 
nnd  pericarditis.  The  organism  isolateil  from  the  lesions  was  an 
fut  atrtrptothrii  which  the  writers  think  could  be  differentiated  from 
ipii^'erj  ^treptothrix  in  certain  details  of  Its  cultural  cliamcteristics,  although 
|!uuml  reaerablance  was  luai-ked.  In  Dr.  Stuart  lt[^Donald's  case  there 
miliary  nodules,  some  of  which  ha<l  a  caseous  appearance,  in  both  lungs, 
buuicTuus  small  alutcessex  in  the  kidney i*  and  in  the  cerebrum.  iJr. 
Bltd,  after  a  careful  comparison  t,(  the  cultural  characteristics  of  the  acid- 
'vganiifni  isolated  from  his  case  and  that  obtained  from  Eppiuger's  cuse, 
to  the  conclurion  that  the  two  were  identical.  Kerr««  and  Kaguet,  and 
Hum  have  ahui  isolated  strej'tolrichefl',  which  they  de«criVied  iis  resembling 
iojjer's  .species,  although  no  mention  is  made  of  acid-fast  pr«i»frtie»f  :  Fern* 
Psguet's  case  was  one  of  cerebral  ubscessett  in  the  centrum  ovale,  and 
uui'if  one  of  a  child  with  peritonitis,  fatal  some  three  weeks  after 
uy  for  the  relief  of  a  simple  stricture  of  the  a*ophagus.  The  strepto- 
Itrii  deseribed  by  Sabrazei*  mid  Riviere  was  isolated  from  two  cases,  in  one  of 
there  Wiu  a  cerebral  aWcei-s  and  a  suppurating  infarct  in  one  kidney,  in 
'other,  bronchopneumonia  and  multiple  sru:dl  ab.icesses  iu  the  subcutaneous 
Scheele  and  Petruschky  have  it:corded  a  case  of  bronchopneumonia  with 
eood  abaceases  in  variuus  parts  of  the  body.  An  acid-fust  streptothrix 
identified  microscopically  in  the  sputum,  und  a  streptothrix  wus  isolated 
the  pus  of  the  aul^cuUneous  abecessea,  but  no  details  are  given  by  which 
H'-ieM  Ciin  be  identified. 

exuer  has  recorded  a  case  of  *' paettdo>tuberculo»iB  "  iu  ft  man  aged  seventy 
fttTs ;  "the  BvmptoniB  were  broadly  those  of  pulmonary  tuberculosis,"  and 
tfter  death  gross  changes  in  the  lungs,  including  ronsolidatiun,  excavation^  and 
OMOos  and  calcified  nodules,  such  as  would  uaually  be  considered  indicatira  of 
II.— IT.  I  Y 
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the  condition  diagnowd  during  hfc,  wav^  found.     Microacopical   examiaitii 
Itowcver,  Rhcwt-d  the  presetice  of  an  acid-fa^t  btrepiothrix  in  tbe  leuoni^  bat  ■> 
cultures  of  the  organism  could  >h:  obtained.     The  ue^tire  reatUt  uf  inocoUtio 
j(  a  guinea-pig  proved  the  aVj«encc  of  if.  tubtrculorU. 

The  close  similarily  in  the  palhogenetic  MCtion  of  some  of  (t 
Rti'eptotri cheap  and  />'.  /uft^rt^i/o-tti  naturally  results  ii»  a  similiirity  in  ih 
clinical  coui-se  of  the  several  infectiona ;  this  is  more  pnrticulirl 
noticeable  in,  but  not  by  any  means  contined  to,  ca^es  of  priniar 
pulmonary  disease.  In  fact  it  maybe  said  that  the  anatomical  condition 
upon  which  the  production  uf  the  physical  signs  diagnostic  of  pulmomu 
disease  dt*t>ends,  are  irleiitical  in  many  cases  of  streptotneho.sis  and  tobc 
culosis,  while  there  are  no  distinctive  symptoms  which  will  aniat 
differentiation.  Laider  certain  conditions  the  perforative  tendency 
pulnii>nary  streptotrichosis  may  aH'ord  a  valuable  clue ;  thus  Sir  Kit^ 
Douglas-Powell  writes,  "Closely  allied  in  iutimate  pathology  lu  IqIm 
culosis,  actinomycosis  differs  strikingly  in  one  important  feature  of  ■ 
clinicul  puUiology — vi/,.  its  disposition  to  invasion  beyond  the  boun 
of  the  organ  first  attacked,  across  eountrij,  so  to  speak,  through  Adjftoe 
tissues  to  other  part«  or  organs  "  {cf.  p.  335). 

The  d'uujwms  heixoefn  putuuyway  strrj4t4ricfi09ix  nnd  Utftrrculons  w 
therefore  often,  and  especially  in  early  cases,  depend  upon  the  identifit 
tion  of  the  causative  pantslte  in  the  .sputum.  Should  the  infecti 
panisile  be  a  streptothrix  not  possessed  of  acid-fast  pro]ierties,  it  *« 
probaldy  be  readily  recognised  as  such  ;  and  the  results  of  the  expc 
mental  inoculation  of  animals,  if  need  be,  ^vill  serve  to  eliminate  t 
jKWsibility  of  any  tuberculous  infection.  But,  on  the  other  hand,  if  t 
infecting  streptothrix  bo  one  of  the  acid-fast  group,  the  difhcnlty 
diagnosis  between  the  condition  and  what  is  recognised  as  pulmona 
tuberculosia  by  bacteriological  methods  may  be  considerable  ;  in  fact 
is  probablu  that  in  a  largo  majority  of  such  caaes  no  such  differeni 
iliagnosis  will  Imi  m:ide,  in  an  eai-ly  stage  of  the  disease  at  any  ra 
Microscopic  examination  of  the  sputum  after  staining  by  tbe  Zie 
Neelsen  mcthrxl  will  almost  certiunly  fail  to  establish  the  diagno 
between  the  two  conditions.  And  if  recourse  is  taken  to  experimen 
inoculation  of  guinea-pigs  the  anatomicjd  lesions  tn  the  two  cases  may 
indi.Htingui<)hable,  so  that  it  will  he  only  by  isolation  of  the  panuite 
pure  culture  from  the  lesions  of  tbe  infected  animal  that  the  nature 
the  infection  will  be  established. 

In  concU»aion,  it  may  Iw  pointed  out  that  should  a  more  exi 
knowledge  of  the  biologj*  of  what  is  now  recognisecl  as  U.  tubfrcvk 
support  the  contention  as  U*  its  botaniad  position  amongst  the  strep 
trichuw,  there  will  still  remain  the  difficulty  which  has  arisen  in  t 
minds  of  some  with  re^i^ard  to  accepting  the  various  phenomena  uf  dtsei 
which,  as  they  occur  xmder  different  conditions  in  man  and  lower  animn 
are  recognised  under  the  name  of  tuberculosis  and  ua  being  the  rcsu 
in  every  case  of  infection  by  the  same  spocies  of  patusite,  IncroM 
biological  knowledge  t^tf  u  kind  which  woidd  enable  us  to  settle  dc5iiit( 
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tbe  boUnicuI  position  ot   U.  inhtrcuiosis  would,  however,   also  prubibly 
dceide  ihe  quostioit  aa  to  tbe  unity  of  tuberculous  infection. 

It  bu  not  be«u  postsiblu  iu  ihis  urticlo  to  consider  the  relutionbbip  of 
Tirions  othtT  acid-fast  reputed  luicillaceie  to  J*,  tnhnmilods  on  the  one 
kind  Aud  to  the  stroptolrichea?  on  the  other  ;  and  for  information  on  this 
uittn;  which  hn«  :ui  intimate  bearing  on  the  question  which  htis  been 
uader  diwusfiion,  the  render  niuy  be  referred  especially  to  the  papers  by 
Moeller  and  by  Abbott  and  Gilderslecvc. 

Alexander  G.  R.  Foulerton. 
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ACTINOMYCOSIS 
(STiiKPrirruiL'Hosis) 

Bj  T.  D.  AcLAND,  M.D. 


Actinomycosis  (ukt«  a  ray,  /ii'k»/s  a  fungus)  is  the  name  given, 
aulhoiity  of  the  botanist  Harz,  to  a  clironic  infective  disease  whie 
occm*8  in  ciittle.  The  piirasitic  naturo  of  the  iiise.i.«o  waa  firat '  full; 
recogniee<l  antl  ita  spccilic  chai-at'tei-s  dcsc'iibcd  by  Bolliiigt'r  (15).  Th 
name  waa  denved  from  the  charactenstic  appearance  of  a  micro-panot 

'  Although  Lhe>  Cfvdit  U-ti^igit  to  B(>]linik;Hr  of  Hrvt  .socoring  fp.*DcnU  ittvntioti 
tiaturr  i>f  thu  panwlU*.  aii'l  "f  slu^winii;  it  Uy  tw  the  cansr  of  various  dintuuvs  Iicli 
di-oimilar,  niuiiy  nti-icrvcrs  bail  previously  rp'Y>j.'iua(*<l  it  ib  the  tumoar*  of  tratlle.  n-uw  inc 
ax    HuJiii    {If*).   Pcri'jticito,    and   Hivolta   <13fi),   hail    iitih]M-cti'<l   jU  vqjetablc  origiD,  an 
V.  lAtigvti)K<utc  (71)  hoii  not  only  ilvtevtiMl  it,  but  de«;riU-<l  it  of  a  ratig:t»t  mora 
yetrs  prsviouvly.     Siu  hiatorical  siuiunary. 


vliuh  wius  foumi  in  Ihe  ufiected  tissues.     J.  Israol  (71)  applied  tlie  same 
lumfiii  jk  nmrlml  comlilioit  which  he  Hr»t  iltiitoribi.Hl  n»  a  specific  iliseasc 
1    without  af).soiting  thnt  it  was  identical  with  thAt  which   bad 
•   I  Miiii(J  ill  cattle- 

ItiKh  in  man  and  in  cattle  the  UiscaAe  prciiontD  the  8Ame  general 
ij*niitUim«,  viz.  chroruc  inflaiimuition  with  the  formation  of  granulomatoue 
imuutir*.  which  tend  to  undergo  siippuniliuii,  fihrosis,  or  CJilcifi cation, 
li  ffaa  At  first  supposed  that  the  fmrasitf*  was  the  same  in  all  cases, 
•tiKhcr  in  ra/in  or  in  cattle.  Variations  in  structure  were  found,  hut 
•hi*.  ff<*re  rttlrihuted  to  vriruitionn  in  ;;r(iwth  rather  than  to  the  prescnet- 
'i!  .iiirynait  species  of  similar  orjianisms,  us  has  been  est^ihlishcd  by 
nun  recent  investigations.  It  is  now  recognisetl  that  the  t4?rm  actino- 
vycom  might  eq!iiUly  well  he  applied  to  a  considemhle  number  i>f 
liToctions  canaed  by  similar,  but  not  identical,  organisms  which  belong  to 
tke  group  streptothrix  (p.  302).  It  is  probable  that  the  [latho- 
lii^iaj  changes  which  J.  Israel  firitt  descri)»e<l  as  actinomyeosie  in  man 
■ftt  nol,  jts  generally  assumed,  caused  by  identicjdly  the  same  jwirasito 
5-  tl;;4i  which  had  been  investigated  by  Bollinger  in  cattle.  The  re- 
1  ip  of  thtwo  various  organisms  which  have  \w.en  found  in  cnsoa 
r.  'iii.il  lis  actinomycosis  has  been  discufiscd  by  Mr.  Foulorton  (p.  302). 

History. — X^p  to  the  year  1S70  thp  true  nature  of  actinomycosis  hiuJ, 
wilh  are  excf^ptions,  Im-cu  overlooked  ;  cjuses  in  (;attle  were  known  uuflur 
a  rarieiy  of  naniets  such  as  wens,  scrofulous  or  tu^>erculir  tumours, 
^«too-Mircoma,  spina  verttoea,  and  many  others ;  and  the  positions  in 
wUh  the  hxal  nflection  was  more  coramoidy  found  were  indicaterl  by 
«ith  oaraes  as  wtKMlen,  scirrhous,  indurated,  or  ulcerated  tongue ;  poh-jjus 
«■  trmphoma  of  the  thi'oat. 

It  \i  probable,  however,  that  actinomyctwia  is  not  a  new  disease  in 
DttiL  As  Ion;;  ago  as  1845,  v.  r*;ingeiil>eck  mmlo  drawings  of  some  bodies 
'i'»infi  in  pus  from  a  case  of  caries  of  the  vertebne.  The  notes  and 
'irawiiigs  were  published  by  Israel  (71)  more  than  thirty  years  later,  and 
Jim  CM  be  no  doul)t  that  the  case  was  one  of  actinomycosis.  A 
pntUet  til  this  has  occurred  in  England.  In  1896  Dr.  Kanthaek  [80a) 
piiJiibcd  some  drawings,  repi-oduced  fi-om  notes  mwle  by  Sir  T.  Smith, 
^t*"!!  the  year  ISriTt,  on  an  obscure  case  of  tumour  of  the  upper  jaw, 
•ferfi  had  been  under  the  cure  of  Sir  James  Piiget.  The  drawings* 
ffprwentan  organism  closely  resembling  a  ray-fungus  ;  the  aisc  probabl3' 
»Mone  of  actinomycoHis  bovia.' 

Ma  Pkte  I-  In  "the  Tliirfl  Fucicnlut  of  AnnloiniciO  Drswiii(tK  sdct'Uid  from  tlm 
'"^Ittllmi  of  HorbUI  Anatomy  in  the  Army  M«<liriil  Miuauio  ivt  Chatham."  LimdoD,  18:tS,  a 
•"•tftf  ilnwinpi  w  Riven  rr(ire*pniiiij;  **  a  s|«ciM  of  organic  diMaite  of  thu  liver  of  lUi  (ilisoiur 
^»d.  ad.  A«  it  u  Urllevr*),  not  y«l  tlesernMnt."  Figures  1,  2,  amt  3  ilww  clitrtreiit  '*  |>nrtioni 
•4  tW  ttius  UrtT  couUiiiing  utiioi-rona  well -tU* lined  eJcmvutious.  (jrobnbly  formed  )>y  the 
"^M^sod  l^xakinK  ilomi  af  u  [h^iiH-it  talHTrnlAr  mntter."  Figures  4.  &,  and  6  pnr^;nt 
■•WWlwi  nni  ■  r  iiio<-^  »>ut  Ihere  is  nothing  in  the  «lmwiiig«.  or  in  the  ilc?*onprimi 

^ndfarttvhA'  'ur<>  »r  the  divwiM  U,  and  nlthou^'h  it  i<t  jtfnviWAv  ttml  tht;>  may 

...  _...^..-  .LiJK  U  no  suKgrrtion  mode  that  they  were  of  jinrKiilii:  orit^n,  nor 
dnwlng  girai  of  the  mkroM^pical  appouiuwYs  of  the  contaiit«  of  the  ffcattitreit 
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In  1848  (86)  Lebert  made  drawings  of  some  minute  spherical  bo 
which  were  found  in  the  thick  gelatinous  pus  obtained  from  a  cas 
thoracic  abscess  under  the  care  of  Louis.  The  drawings  are  exce 
and  unmistakable.  The  minute  bodies,  as  large  as  a  pin's  head,  yel 
witb  a  tinge  of  green,  are  described  as  "corps  particuliers  tro 
dans  du  pus,"  without  any  definite  indication  of  their  natur 
origin.  As  the  result  of  a  microscopical  and  chemical  exai; 
tion,  Lebert  arrived  at  the  conclusion  that,  being  neither  albumi 
nor  fatty  bodies,  they  might  be  the  remains  of  some  parasitic  \f 
and  that  the  radiating,  wedge-shaped  bodies  might  possibly  be  1 
lets,  tbough  he  was  unable  to  detect  any  traces  of  echinococ( 
cysticerci. 

In  1868  Rivolta  (135)  described  some  short,  rod-like  bodiet 
sembling  those  of  the  retina,  which  he  had  found  in  pus  from  a  tu: 
of  the  lower  jaw  of  an  ox. 

In  1871  Kobin(137)  described  and  figured  son^e  yellowish  grains  \ 
he  had  found  in  two  or  three  cases  of  chronic  abscess ;  he  does  not 
any  clinical  history  of  the  cases  from  which  the  pus  was  obtained 
describes  the  masses  as  being  composed  of  minute  elements  swolh 
one  end,  tapering  at  the  other,  and  radiating  from  a  common  c 
which  consisted  of  granular  matter. 

In  the  following  year  Heller  (59)  had  under  observation  a  case  \ 
he  published  later  as  one  of  "  Actinomycosis,  running  the  course  < 
acute  infectious  disease " ;  he  made  some  drawings  at  the  time,  \ 
doubtless  were  taken  from  colonies  of  actinomyces. 

In  1875  .Peri*oncito  described  the  appearance  of  the  micro-orga 
in  a  case  of  so-called  osteo-sarcoma  of  the  jaw,  in  an  ox.  He  susp 
that  it  might  be  cryptogamic,  and  this  suspicion  was  subsequ* 
confirmed  by  Rivolta  (135). 

None  of  these  observers,  however,  proved  conclusively  the  true  ni 
of  the  cases  which  they  described. 

In  1876  Bollinger  (15)  threw  an  entirely  new  light  on  the  su 
by  the  accurate  description  and  identification  of  a  characteristic  n 
organism,  which  has  given  the  name  to  the  disease.  His  investiga 
applied  only  to  cattle,  but  in  the  following  year  J.  Israel  (71)  desc: 
a  similar  affection  in  man,  and  in  1879  Ponfick  (127,  129)  brc 
forward  strong  evidence  to  prove  the  identity  of  the  disease  in  man 
that  which  had  been  found  in  cattle. 

It  is  now  generally  admitted  that  there  are  many  forms  of  ac 
mycosis,  and  that  some  of  them  are  found  both  in  man  and  in  c 
although  no  causjil  relationship  has  been  definitely  traced  I>etween  t 
Since  the  publication  of  Israel's  paper  a  large  number  of  cases  have 
reported  in  almost  every  part  of  the  known  world,  and  the  disease 
been  foiuid  to  affect  hoi-ses,  dogs  (7),  pigs  (151,  61),  antelopes  (13), 
elephants  (30),  as  well  as  man  and  cattle.  lUich  (r.T)  in  1892 
references  to  421  cases  in  man.  and  Prof.  Leith  (88)  in  1S94  gave  tal 
statements  of  nearly  450  collected  from  the  same  sources,  whilst  Rii 


[40)  in  iSSd  had  coUecled  no  less  than  G28  ^  cases,  so  that  the  disease 

inot  now  he  regarded  as  rare,  whatever  it  may  have  been  in  the  past. 

The  first  case  o!'  JU-tinomyLoais  in  this  coimtiy  in  which  the  nature  uf 

VM  rendered  certain  by  the  demonstration  of  the  micro-jiarasite 

the  affected   tissues  was   admitted   into  St.  Thomas's  Hospital  on 

Dher    I,   1884   (55).     By   eniployinK   Oi-ain's  method  of  staining   I 

eimhlcd  (I )  to  shew  the  thread  form  of  the  streptothnx,  the  signifi- 

nf  H'hiL'h  has  l»een  so  fiilly  admitted  l)y  siihseqtif nt  iibBcrvers.'- 

L'p  u>  thi*  t!;ite  the  htrept4>thi  ix  form  had  not  been  fully  recognised, 

neither  Prof.  Israel  nor  Prof.  Koch,  to  whom  the  specimens  were 

lifwn,  cotisidereil  that  they  were  the  same  organism  as  that  which  hud 

I««i  described  by  Isruol.     In  connexion   with   Mr.  W.  K.  Treves'  case, 

itioiitfi  below,   it  is   of   historiad  interest   that  Prof.   Koch  shewed 

vriter  itotne  sOL'tioiis  of  a  tumour,  sent  to  him  for  examination  as  a 

bv  ^'irchow,  which  contained  long  thread  like  micro-organisms, 

uture  of  which  had  not  boon  determined.     Previous  to  this,  a  case 

\)*fsn  publifihed  as  one  of  actinomycosis  )>y  Mr.  "W.  Knight  Treves  ; 

sonnise  was   proKdily  correct,  ami    appears  to  be  justified  by  the 

jtogmph  of  the  patient  which  he  published.     This  view  was,  bow^ever, 

Mr.  (now  Sir)  F.  Treves,  who  shewed  the  specimens  at  the 

Society.     Mr.  W.  Knight  Treves  considered  that  the  lesions 

not    scrofulous,    nor   due    to   any    growth    with    which    lie    was 

imunted.     He    found    minute   yellowish    nwisses   in   the   pus,   but   he 

forms  me  that  he  has  no  record  of  the  microscopical  app&irances  of 

bodies,  which  he  believed  to  resemble  "  the  ordinary  rosette  foun<] 

lttttl&"^    Since  this  date  u  considerable  nuntber  of  cases  have  occurred 

tliis country;  and  with   Dr.  Hichens'  help  I  have  collected   109  fruui 

ious  fources. 

FiLlholog'tcal  Anatomy. — The  naked-eye  ap|)caranees  of  an  organ  or 
ie  aflccteil  with  actinomycosis  vaj-y  greatly  acconlmg  to  the  pJirt 
dilflued,  the  acute  or  chronic  cluiracter  of  the  process,  and,  probablj',  its 
Iter  or  less  cuntnminatinn  with  pyogonelic  organisms.  In  8ome  tissues 
Appearances  differ  but  little  from  those  of  chronic  inflammation  ; 
(others,  such  as  in  the  liver  ur  skin,  ibey  are  often  charact«ristic  ;  in 


[j  In  lf*Wl  U»«  lotaX  of  all  the  tobiUated  cues  nracliea  lOWl,  but  Rdhmh  njvcts  400  ol 

an  lw^itlg  jirobubir  coiint«>I  twire. 
•  C'Oinpar*'  plat»  Ui  the  TranmdifntM  ^  Ifu:  Pathotoffiati  Soeietjf,  London,  1*86,  with 
of  Bovtn^m  (21). 

Thli  ca^  was   >ht.'wn   nt    tlie  Putholopirnl    Society  (I^ndmi),  in  Jammry  ISbi,   by 
f.  T^evftN  «  n  (.'»«•  nf  Bctiiioiiiycof-i.*,  nlthniigh  "no  funf^tw  liati  be«n  room!  in  llic  tlis* 
jmA  the  '^  ittiiffmr-i'otoHrfti  i/in{i*i  ■</  th^  con*istfnrr  »tf  chrtst"  "  jmitytt  nn  rjrumiun' 
I  ta  he  miitlf  up  of  Ktnall  mtustM  of  Hecro*rd  ttsmt."     In  M»y  of  the  onme  yvar  ru  Hccouni. 
glTrD  of  the   |nttient'i>  ftutop*y  ao<l  of  thf   pathnlogicAl  auatoniy  of  th**  cuw.      It  wftp 
fmliol  "•  can*  tii  jiupfMwU  ai:tinoniyc(wi»,"  thoufih  Sir  F.  Tirvei  lluully  corKliHli-<I   that 
u  s  ca«*  of  *'«]fw>liir  snix-oiiui."     Mr.  Watsnn  Cbfytie,  to  whom  the  ^]>»"^iineii««  were 
nhnitteiL  tnilM  to  flt-<over  nny  micrn-or^auirnii,  aiitl  itiL-lintHl  to  thi-  IwHul  that  the  It.^'^iotiB 
arciimnmldii^ ;  Mr.  Marcui  Bwk  miil  Mr.  B.  .1.  (Joflli-r  mailf  i\  riirtUt^r  ri-ixirt  on  the 
rfcAl   oppwinmcw   of   tho  tmiirmn*  and  cln»Kilie<l  them   aa   proliably  "  l»rge-rrlI«Ml 
Ttry  lUd  not  fintl  "aaythitij;  nKsibUng  tite  fUngm  ehamctxristiu  "  of  acttuo- 
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of  the  tjiaeose  in  the  litrr.  This  organ,  when  afl'ectwl,  is  iho  seat  ol* 
ittoTQii  feci  uf  guppumtiari,  tiiany  of  which  may  be  aggregated  into 
fpharoidal  nussea,  with  outl}'ing  centreH  of  inlhinunation.  The  Uir^^er 
uiMi  are  composed  of  an  alveolar  framework  of  fibrous  tissue,  iho 
bobw  of  vhich  are  filled  with  inlhiiuumtorv  products^  and  in  the  centre 
U  thi«  are  ejubcdded  the  characteristic  minut«  yellow  grains  M-hich  ure 
Ufgdy  composed  of  the  infective  microK)rganism. 

Tbft  indtTidiial  foci  of  iiillamnmtion  vmy  much  in  size,  from  that  nf  a 
pint  head  to  a  tuiniiCis  \)o\n\,  but  do  not,  as  a  rule,  attain  to  any  eonsider- 
sMc  dimensions.  Their  fundami^ntal  shape  is  spherii*;!!.  Init  by  pressure 
or  entitraction  vti  surrounding;  jHirts  they  may  1>e  dititortcd  to  any  form. 
Hieir  waits,  which  are  compcifiod  of  fiTirous  tissue,  in  parts  often  deeply 
{Mgmmted,  are  of  varying  thicknew^the  more  chronic  the  inflammatory 
ppaoas,  thK  thicker  the  walls.  When  the  contiMiti^  of  thin  tibrons  Btn>ina 
^'iMored,  a  spongy  mass,  having  a  peculiarly  worm-eaten  appearance, 

In  the  Iwitp  the  lesions  have  a  much  less  characteristic  apjwarance. 
Injcmc  casefi  there  is  merely  an  acute  primary  bronchitis,  with  no  sign 
of  Uie  reticular  formation  described  in  the  liver  (88).  In  others  the 
nwne  tif  the  lun^  may  be  Ktudded  with  grey  n^Hlnlej^  the  size  of  a  hemp 
*«d.  which,  to  the  nake<l  eye,  rejtemble  tuhcrcnlous  nodules  (131).*  On 
tl)e  other  hand,  parts  of  the  organ  may  be  converted  into  tough,  fibrous 
RHlCfiaL  with  an  in-egiUar  interlobular  distribution,  enclosing  here  and 
rW  canary  coloure4l  piiluicooiis  masses.  In  a  third  class  of  cases  there 
t)  ttitfoM  bronchopneumonia  with  some  interstitial  thickening,  and  a 
rwuleocy  t*j  the  fonnation  of  small  abscesses  and  cavities.  The  general 
V  of  the  rlisea.sc  in  the  lungs,  as  in  other  organ.s,  is  to  sjiiead  in 
M-ction  and  to  disregard  those  anatomical  boundaries  which  so 
tHt/'n  prove  a  barrier  to  the  extensiou  of  tuberculous  lesions  (cf.  p.  335). 
h  »>  roraparatively  rare  for  tuberculous  processes  to  pass  directly  from 
nw  li.be  of  the  lung  to  another,  or  to  perforate  the  chost-wall  by  direct 
of  (he  iafiammation.  But  this  ilistinction  between  actinomycotic 
lulwrcnious  lesions  is  rather  one  of  degree  than  of  absolute  dissimi- 
ly.  since  I  have  seen  several  cases  of  tuberculous  pulmonary  lesions 
:b  have  penetrated  the  chestrwall,  and  in  the  absence  of  the  charac- 
'tic  orguin'sra  it  cannot  i>e  relied  on  with  certaint}'  to  substantiate  the 
licai  diagnosis  of  any  particuliir  case.  If  the  case  be  ''Armtic  a  track  of 
iung  fibrous  tissue  is  left  behind  as  the  infiammation  spreads.  If 
process  br  rtri*/f,  or  if  pyngenetic  organisms  be  present^  there  is  a 
ioncy  to  the  formation  of  aljscesses,  with  little  evidence  of  cicatri.s-v 
(22). 

Actinomycosis  of  the  plettra  may  give  rise  to  miliary  nodiUes  (76), 

tiic    fibrooa    thickening  with    adhesions,    serous    effusion    (26).    or 

rema.     The  precise  pathological  changes  being  determined  by  the 

»Ute  acuteness   of   the  affection    rather  than    by  changes   which    are 

uliar  to  this  particular  organism. 

'  For  iUuitnUons  of  PuliDOiiary  Actiuoutyconlei,  mu  89,  182,  65,  103. 
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Tbe  lesions  iu  the  »kin  (14,  19a,  32,  150)  are  reniarkal 
have  l>eeii  fully  tieacribod  by  Dr.  Priiigle.  The  following 
tion  ia  tfiken  from  a  case  under  his  care.  On  the  chiJd'i 
there  were  liviJ,  Heshy,  earcomulous-lookiug  out^owthe  of 
purplish-red  uiid  yellow  colour,  varying  in  tiize  from  that  of  a  % 
to  a  prominent  bossy  mass,  rising  abruptly  to  more  than  j  inch 
the  level  of  the  surroundiug  skin,  and  measuring  4  inches  by  1  in 
the  touch  the  growths  were  soft,  pulpy,  fluctuating,  and  not  tend 
skin  over  them  was  thinned,  glistening,  and  semi-transparent. 
growth  proscntofl  one  or  more  cratcriforra,  ulcerative  openin 
which  a  clear,  rather  sticky  fluid  cxudctl  in  large  quantities.  In 
the  larger  tumours  the  ulcerative  openings  coale4ced.  fonning  su 
disiiharging  sores,  differing  entirely  from  the  hard-edged,  pimc 
ragged  ulcers  which  result  from  the  breaking  down  of  sypl 
tubereiUotig  masse:*.' 

The  naked-eye  appearances  of  lesions  in  other  parte  of  the  bod; 
not  be  further  particularised.     Those  in  the  hrain  and  spinal  co 
l)een  fully  described  by  Prof.  Deltipine  (43),  C  H.  Martin,  Chiari, 
and  Delore,  and  those  found  in  the  digeniirt  tmit  by  Prof.  Leith  (& 
der  Veer,  and  others  (29),  while  records  of  numerous  ca^es  will 
in  the  writings  of  PonHck,  Isniel,  and   Bustnim  :    brief  summari 
liirge  number  of  cases  are  also  given  by  lUicli. 

77(«  pits  in  most  cases  is  characteristic  \  it  varies  in  eonsis 
is  apt  to  be  viscid,  and   to  contain   numeix^us  minute  8]H*cks. 
granules,  which  consist  of   the  micro-oiganisms  embeddfid  in  a 
pus-cells,  are  yellow  or  brownish   by  reflected,  and  often  greeni 
transmitted   lighL      Under  a  lens,   they  look   like   minute  rasp^ 
being  more  or  less  spherical,  and  with  a  cojirsely  granular  surface, 
these  characteristic  masses  are  present  iu  the  pus  or  tissue  the 
of  the  disease  is  often  impossible,  and  becomes  a  matter  of  surmi 
than  of  logical  deduction. 

If  teasoil  up  in  0*75  per  cent  salt  solution,  and  examined 
staining,  the^u  granules  may  bu  found  U)  consist  of  two  or  more 
following  components: — {a)  inflamnuitorj'  cells,  {h)  filaments,  (c 
or  club-shaped,  highly  refracting  liodios,  (rf)  cocci.  Either  of 
two  may  be  altsent.  In  man  filaments  alone  liave  sometimes  >>ecnj 
iu  ttittle  the  club-shaped  bodies  most  frequently  occur  ;  both  in 
lb  cattle  (in  lesions  which  have  bet;n  open  to  the  air)  pyogenetic 
are  as  a  rule  present  in  varying  numbers.  The  micro-organisms 
recognised  mider  comparatively  low  magnifying  powci-s  (for 
Zei»B,  Obj.  1>.  O.  2,  with  a  Rmall  stop),  but  it  is  preferable  to 
oil  immersion,  and  to  stain  the  specimens. 

Minute  Structure. — On  section,  a  mature  aetinoraycotic  folUcl 
u  moderutcl)  high  magnifying  power"  ia  seen  to  consist  (u)  of  a 


160. 


1  For  niiutnitioiw  of  Actinomyooiu  Invitdfng  the  Ktciii,  see  9,  S2,  41,  68.  84, 
9. 
^  Heettooi  of  the  affected  tiwats  oin  bitxt  be  exjuiiinecl  after  haring  heflo  hi 
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van  of  irregularly  distributed  filaments,  cocci  in  varying  luunbors,  and 
in  th*  older  growths  umorphonH  degenerative  products.  Kxterna!  to 
iiicnn!  IS  (b)  a  ring  of  rcgidarly  arranged  filaments  radiating  from  u 
imon  centre.     Surronnding  this,  again,  there  is  (t)  another  ring  more 

complete,  consisting  of  cluh-f5ha|ied  bo<Hea  through  which  bundles 

ndintiug  tiUmenUi  from  the  inner  zone  are  often  seen  to  project, 
itenwt  to  the  clubs  ia  {d)  an  envelope  of  inflammatory  cells,  amongst 
there  may  be  giant-cella,  in  some  instunoes  containing  ptirtions  of 
II*  u  iihin  them.  In  certain  positions,  as  in  the  liver,  the  inflam 
nutory  oelU  are  a^ain  snrrounded  l>y  a  framenorlt  of  fibrous  tissue,  and 
tliifitib  that  gives  to  some  actinomycotic  lesions  the  remarkable  houcy- 
eomlted  appCHfjuice  aeon  so  well  in  Fig.  5. 

The  reladve  proportion  of  filaments,  clubs,  and  "spores"  varies 
itljr  in  different  cases  and  in  different  species  of  organism  present  (for 
iietaiirt  ;i«  to  these  points  see  Biological  Position,  and  p.  315  .w/., 
Adami  (4).  Thus,  in  cattle  a  rosette  of  dubs  is  freijuently  present 
Ktliout  threads,  and  in  the  young  rapidly  growing  colonies  in  man,  the 
may  be  found  without  clubs,  but  in  man  both  threads  and  clubs 
often  present  when  tlie  growth  of  the  fungus  is  active.  The  micro- 
appearances  of  the  organism  are  specified  in  47  of  the  British 
The  thread  form  is  stated  to  have  been  found  in  34,  and  clubs  in 
:  iti  1 1  rasi\«*  Iwith  threads  and  clubs  were  present. 
Anatomical  Distribution. — Actinomycosis  may  attack  any  organ  or 
siw  of  the  boil3-,  though,  as  might  be  evjiected,  the  parts  most  exposed 
wuUwrt  with  the  external  air  are  found  to  be  thu  most  vulnerable. 
Mortof  those  who  have  coUectefl  any  considcmblo  numbei*  of  cases  of  the 
iiiftw©  agree  that  the  prlvtaru  or,  at  any  rate,  the  maximmn  seat  of 
tittifisfjaae  is  found  in  the  head  and  neck  in  more  than  half  the  recorde<l 
BUM,  And  that  next  in  numerical  order  the  digestive  tract  and  abdominal 
™«f&  are  most  frequently  attacked.  Kiihrah  (140J  gives  the  following 
itambei'S,  eliminating  certain  figures  for  the  sake  of  accuracy. 


SitiiAtion  of  Ijptiion. 

No.  of  CtMM. 

per  cent. 

Head  and  iiec:k 

3fi9 

57 

Digestive  tract  and  abdominal 

viscera       .... 

132 

SI 

Thorscic  viscera     - 

»3 

l4-h 

Skin 

If] 

2-5 

Doubtful   .... 

33 

5 

Total  . 

fi32 

■  alcohol,  aod  «mbcdiled  in  celloidin  or  in  ])anillin.     like  threwLt  anil  cvjcci  uv  best 
hy  GTain'.i  or   LdKbman's    metbmU,   the  clulw  with  oixeiue  ur  ornatps  rubtii.      In 
wbieli  liAve  atnl«rv'>ne  c»]c«r«JU(t  or  fatty  «lt^'rn*riitiou,  the  tttructure  of  th*  DT^anwm 
IMaUy  uiutiiot  bfl  dttmoiutnled  without  previouH  treatmttiit  with  tliliitt'  hydi-ocliloric  kM 
itleohoL       For  fnller  details  see  ttibliographjr  (19,  23,  44,  15S).      For  the  tnicroscopU' 
of  ortinomyecM  reference  may  ho  ma^Ie  to  the  following;  pUttw.  sew  liibUogmphy 
40.  lOl,  Wr^,  15(1>. 
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The  relative  incidence  of  the  disease  in  the  cases  collected  by  Illich 
(421  cases)  and  Prof.  Leith  (88)  (393  cases)  is  practically  the  same.  Duvaa 
(123)  gives  rather  different  numbers,  which  are  of  interest  as  shewing 
that  the  disease  is  not  very  rare  in  positions  or  organs  which  have  been 
supposed  to  be  unusual,  e.g,  the  brain,  spinal  cord,  and  generative  orgaas- 
Amongst  257  cases  he  found  the  following  distribution  of  the  lesions, 
more  than  one  organ  being  attacked  in  some  of  the  cases. 


Abdomen  (excluding  liver) 

84 

Face  and  neck        .         .         .          .         . 

70 

Thorax  (lungs  and  pleura) 

65 

Liver   ....... 

40 

Central  nervous  system 

19 

Generative  organs ... 

19 

OilsophagUB    .         .                   .          .          . 

7 

III  109  cases  recorded  in  the  United  Kingdom  between  the  years 
1884  and  1906,  actinomycotic  lesions  have  been  found  in  one  or  more 
organs  or  tissues  of  the  body  with  the  following  relative  frequency : — 


Ahdomm. — Liver,  32  ;  gall-bladder,  1  ;  appendix  and  neighbourhood, 
8  ;  lectum,  I  ;  kidney,  5  ;  bladder,  1  ;  prostate,  1  ;  testicle,  1  ;  ovary, 
1  ;  spleen,  3  ;  abdomen  other  than  above,  14    . 

Face,  Neck,  Tongue,  and  Xnghbouriiig  Parts. — Skin,  4  ;  tonsil,  2  ; 
larynx,  1  ;  orbit,  1       . 

fjh^t. — Lung,  pleura,  and  chest-wall 

Brain  and  Spinal  Cord         .... 

Acute  Gener<tl  ..... 


Total 


68 

oO 

29 

5 

9 


In  33  of  the  above  cases  two  or  more  organs  were  affected  simultaneously. 

The  less  usual  seats  of  the  disease  seem  to  be  the  heart  and  medias- 
tinum (144),  the  extremities  (18),  the  spleen  (129),  kidneys  (101),  ear 
(121),  and  larynx  (3,  107). 

Rare  instances  have  been  recorded  in  which  the  primary  seat  of  the 
disease  is  believed  to  have  been  in  such  parts  as  the  central  nervous 
system  (17,  35,  66),  the  reproductive  system  (36,  51,  138),^  and  the 
orbit,-  but  it  is  obvious  that  in  some  of  these  cases  the  organism  must 
have  found  entrance  into  the  botly  at  some  distant  point,  and  that  the 
seat  of  maximum  disease,  rather  than  the  point  of  inoculation,  was 
discovered. 

Age  and  Se.r. — Of  405  cases  recorded  by  Prof.  Leith,  of  which  the  .'fex 
is  known,  295  were  males  and  110  females,  so  that  it  would  appear  that 
the  disease  is  far  more  common  in  men  than  in  women.  In  101  of  the 
British  cases  in  which  the  sex  was  given,  65  were  males,  and  36  females. 
The  age  at  which  the  disease  occurred  is  given  in  84  cases :  the  youngest 

^  See  System  of  Otfnacoli^y,  pp.  470  (ovarj-).  495  (tube),  679  (>-ulva). 
^  Coinniuniffttfd  l>y  Dr.  \V.  li.  Ransom,  of  Nottingham.     See  also  two  casen  of  ocular 
actinomycosis,  ^Sutmlhl.  f.  Puthvlixju;  Jan.  15.  1895. 
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,i  Lu  111  vu  5  yeara,  and  the  oldest  G5.     No  less  than  59  of  tho  coses 
ortwrcd  twjtween  thr  ages  of  10  and  40. 

*^-f^:-rr:phIeal    Dtstribution. — Am   the   recoj^nition    of   actio omycosiK 

ic   genuriil,  it    soema    probable    that  certain  countries  and 

J-.  uic  more  liable  lu  the  disease  than  others,  but  it  ia  too  early 

■I  i!i'  the  ascertained   facts   in  any  but    gonend    terms,      Alitro  ca«e« 

■     I  ut  occur   in   country   districts  thiiri   in   towns:   but,  tk&  might  be 

iij.iM;d,  more  cat>es  are  recognised  where  they  are  looked  for,  that  is  in 

1  . u-  where  attention  haa  been  called  to  the  prevalence  of  the  dise^iae. 

'  rorna,    which    l?    comjKiratively    common    in    some    tropical 

'■old  i?eem  not  to  have  \ydvn  recogfii.se<l  in  America  until  1?<94 

v.ii.i/,  thouj,'h,  as  occurred   in  Knpland  in  the  case  of  actinomycosis 

"I    tif  liver   (Sbattoek),'   specimens   hiui   been    preser\ed    unknown   in 

otu^iims   anil    have    since    l>eeJi    recognised    in    C'lueago    and     Boston. 

OUinrrs    in    Germany,    France,    llnssia,    Switzerland,    Kngland,    and 

Aincrica  have  all  contributed  their  tjuotJi  of  cases  of  actinomycosis,  but 

liiTt'  .ire  at  present  no  accurate  data  for  forming  any  estimHle  as  to  the 

-H  tn-    fr»'(]iicncy    of    the    disease    in    these    countries    severally.      An 

Vnien  mode  to  show  the  distribution  of  the  disease  in  the 

r ,  irtments  of  France  liy  Poncet  and   Hcrartl  (123).     They  give 

A  Hup  which  shows  at  any  rate  that  it  ia  much  more  frequently  recog- 

BKcd  and  reported  in  some  |>arts  than  in  others.     P'urther  inquiry  is 

ftceded  to  draw  any  iiseful  deductiouH  from  these  observations. 

iBVasion. — The  means  by  which  the  fungus  gains  entrance  into  the 
liaiUi  has  been  the  subject  of  much  inquiry  anr]  many  ingenious 
^■Ij^beMS.  In  some  cases  it  would  appear  cert^iiii  that  it  is  conveyed 
^HvgnJn  (corn  or  barley)  or  some  foreign  body,  which  has  caused  a  lesion 
^Htbe  mucous  merobmne  of  the  digestive  (35,  157)  or  respiratory  (107) 
^^■Kt,  or  skin  ( 1 1,  1^,  20);  but  no  evidence  ha.s  as  yet  been  brought  forward 
^|b  ilioir  tlittt  an  organism,  found  outside  the  body,  has  been  cultivated 
'  umI  fueceasfuUy  inoculated  into  an  animal  with  the  reproduction  of 
MtiiHimycosis.  What  are  sup{)osed  to  have  been  climi]>8  of  actinomycea 
luvebeen  detected  in  the  crypts  of  the  tonsils  (7r>)  and  in  the  hollows 
decayed  teeth  (113),  and  have  l>een  considered  a  ixjssible  source  of 
on.  In  one  instance  Isriiel  (09)  found  a  ]>iece  of  what  he  believed 
dentine  fn>m  a  tooth  emViedded  in  an  actinomycotic  focus  in  tho 
Soltmann  records  ft  case  in  a  boy  who  accidenbdly  swallowed 
mr  uf  barley  grass,  and  who  subsequently  sutterod  much  substernal 
I.  An  abscess  formed  in  the  sixth  right  intercostal  space,  between 
spine  and  scapula,  and  tho  ear  of  grass  was  found  in  the  pus,  which 
(evacuated  ;  the  jioin,  however,  continued,  and  after  a  time  the  case 
ved  to  be  one  of  actinomycosis.  Bostrom  (21)  demonstrated  some 
cereal  in  the  lesions  found  in  eleven  cases  which  he  examined  ; 
recorded  in  which  llio  disease  has  followed  a  woiuid  with  a 
*ter  (105),  or  hits  occuned  in  those  pursuing  agricultural  occupations  ; 

linniW  4p«ciuieos  bflve  been  fouiitl  in  the  MoiM-'UUiK  of  the  Koyal  t'olleg?  of  Surgcuiv, 
275i  A  (ShiltnckJ,  and  of  St.  Barth clonic w'f  Hosj-iUil,  No.  r2a9  C  (Kmitliacli). 
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and  Jensen  (73,  98)  has  recorded  an  epizootic  which  occurred  in  Dco- 
mark  amongst  a  herd  of  cattle  fed  on  barley  grown  on  land  reclaimed 
from  the  sea.     In   17  of  the   Rritinh  caries  the  individual  affected  Ind 
cither  been  in  the  habit  of  chewing  straw,  ears  of  corn,  etc.,  or  had  be«tt 
engaged  in  agricultural  piu-suits.      In  5  of  these  cases  there  is  anffidont 
evidence   to  show  that   the   lesion  was   caused  liy  the   imiviction  of  a 
cereal,  and  in  three  of  them  the  remains  of  the  cereal  was  found  in  situ. 
In  one  a  gra8ss<?ed  was  taken  ont  of  the  cheek  ;  in  another  a  s{>eaj-  of 
[talifin  wheal  was  removed  from  the  throat ;  in  a  third  a  grain  of  wheat 
was  foiuid  in  the  appendix  ;  in  two  othei's  an  oat-grain  and  a  husk  of  oat 
were  known  tti  havn  Im^.ou  iniiKicted  in  the  tonsils  a  few  day*  l»eforo  suj>- 
pumtion  occuired,  though  the  grain  itself  was  not  actually  found.     With 
regard  to  invasion  by  the  digestive  tract  it  may  be  noted  that  actino- 
mycosis hiis  been  found  to  occur  in  the  udders  of  cows  (85,  91),  as  well 
as  in  the  human  mamma  (lOG),  so  tbtt  the  possibility  of  infection  through 
milk  cannot  be  disregarded. 

The  direct  traimmission  of  the  disease  from  one  individual  to  another 
of  the  same  spceies  is  rendered  prolwible  by  a  case  recorded  by  \'on  Baracz 
(8),  in  which  a  woman  suffered  from  actinomycosis  of  the  face  after  being 
brought  into  close  relations  with  a  mjui  who  was  similarly  ajlected  ;  bin 
such  cases  are  i*are,  and  no  case  of  direct  transmission  from  animal  to 
animal,  nor  from  animal  to  man,  nor  \ico  verso,  has  Ijeen  reconled. 
Though  «uch  transmission  has  been  !iu*n>ected  (9),  and  three  cases  are 
reported  as  hanng  oecnrred  in  one  family  (15),  In  a  rejKirt  fpfira  tjjc 
Chief  of  tlie  Bureau  of  Animal  Industry  to  the  Secretary  of  Agriculture 
in  the  United  States,  it  is  stated  (141)  that  twenty-one  healthy  cattJfl 
were  kept  in  close  (|uartors  with  others  sufTering  from  actinoniycosii 
without  in  any  ease  showing  signs  of  infection.  From  this  it  is  argut?(3 
that  the  disease  can  be  tranftraitte<l  directly  from  one  individiiaj  id 
another  only  with  consideraitlc  difficulty,  and  on  rare  occasions,  and  thin 
has  been  borne  out  by  the  oliservations  of  other  investigators  of  l&rgfi 
exiMiriencB,  such  as  Sir  J.  M'Fadyean  (98). 

Experimental  transmission  of  the  disease  front  one  animal  to  another, 
and  fmm  man  to  animaU  Injih  directly  and  after  ai-tificial  cultivation,  faiu 
been  successfidly  accomplished  (156).  The  first  successful  ex)>eriment9 
by  direct  inoculation  seem  to  have  been  carried  out  by  Johne  (7fl)  in 
18S0.  Three  years  later  d.  Israel  (70)  succeeded  in  transmitting  ihti 
disease  from  man  to  a  rabbit  by  direct  inoculation.  He  implanted  a 
piece  of  granulation -tiKsuc  from  a  patient  sufTering  from  a  thoracic 
abscess,  due  lo  actinomycosis,  directly  into  the  peritoneal  cavity  of  a 
nibhit.  Altout  three  months  aftei*wai*d8  the  peritoneal  cavity  w:ia  found 
studded  u*ith  tumours  of  various  sizes.  The  tumours  containo4l  the 
fungus  flurroundwl  by  j;mn  illation -tissue,  and  the  other  element*  usually 
found  in  the  lesions  charactoristic  of  the  di»e;ise.  These  experiment 
were  repeated  and  confinne<]  by  Prof.  Crookshank  (39,  40),  RotteTi 
and  othoi«,  and  the  iransmissibility  of  the  disease  from  cattle  to 
cattle  bv  direct  inoctUation  has  been  demonstrated  bv  the  reeeurchos  of 
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Johnc  (75,  77)  aud  Ponfick  (130).  These  latter  investigations  tend  also 
U>  shew  tiiat  cattle  are  more  susceptible  to  itiooulation  than  either  dogs 
w  nhhiu. 

The  earliest  successful  inoculation  experiments  with  the  fujigiia  arti- 
ficially propagated  outside  the  l>ody  were  carried  out  by  Wolff  and 
IpewI  (156).  Kii;hteen  rabbits  and  three  guineji-pigs  wei-o  inoculated 
bj  the  introduction  of  a  small  portion  of  the  culture  into  the  abduminal 
tavitjr.  Of  twenty-two  animals  used  for  the  research  two  only  did  not 
eontnct  the  disease,  one  a  rabbit  which  liad  been  inocuhited  M-ith  sterile 
Mgu*  M  a  control  experiment,  tbe  other  a  sheep  in  which  the  inoculation 
tuilrd  to  province  Hny  result.  In  all  the  cu^ea  in  which  the  ex)>tiriraent 
w«iacct«afiU  the  periioncal  tumours  wore  similar  to  those  found  in  the 
(Hiwt  inrculations  of  Johiie  and  Ponfick  mentioned  above.  The  small 
IfinMw  were  surroiuided  by  a  cai)sule,  and  had  a  pulpy  interior  ;  in  the 
lirgier  the  ca|)&ule  was  dense,  and  the  interior  of  the  muss  was  divided 
iiy  fibrous  septa,  the  interstices  of  which  contained  the  minute  grain  Hk« 
ma«ei  w  chanicterisLic  of  actinomycotic  lesions.  In  many  of  the  speci- 
oeMuttmiued  both  the  olub  and  thread  forms  of  the  ftingua  were  detected, 
Imt  in  Borne  of  them  tho  threads  were  predomimmt,  as  is  frcfpicntly  the 
case  in  nijui.  That  the  futi;^iis  wiis  alive,  and  ha*l  really  been  instru- 
offlUl  ill  producing  the  disease,  was  further  proved  by  the  observation 
^t  actinomyces  taken  from  tbe  tumours  was,  in  four  cases  out  of  six, 
Kuoceefiilly  cultivated  ihrouirh  many  generations  on  agar;  and  further, 
tH.n  ill  one  of  the  aninuds  e.\iK?rimenie<l  upon,  two  moiiistatic  actinomy- 
rnicu  developed  in  the  substance  of  the  liver,  the  contents  of  which 
»<iT  closely  rcscniliUit!  .-liniilar  IcKions  in  man  (1 'iH), 
The  method  by  which  the  disease  spreads  ^vithin  the  body  is  in 
cakM6  by  a  gradual  invasion  of  the  tissues  surrounding  the  point  of 
iliition.  At  the  seat  of  infection  mintite  points  of  inflammation  are 
«'l,  which  extend  at  their  periphery,  and  unite  to  form  large  areas  of 
lolation- tissue.  These  masses  are  prone  to  break  down  in  one  direction 
beal  in  another,  leaving  behind  dense  cicatricial  binds.  The  process 
in  differs  widely  from  that  of  simple  iriHnmmation.  In  its  prngi-cAH 
<liseiise  may  disregard  anatomical  bounduriei>,  and  invade  one  tissue 
the  other,  the  direction  of  spread  i»eiiig  determined,  not  by  similarity 
but  by  contiguity,  so  that  all  tissues  aud  organs  may  1m  »Hke 
Thus,  a  focus  of  disease  in  the  liver  may  spread  to  tbe 
,»nd,  pi^rforating  it,  load  to  tho  formation  of  an  empyema,  or 
ion  of  the  base  of  the  lung.  The  soft  parts  become  matted 
siller,  and  as  the  diseiise  extends  long  sinuses  are  fonned  which,  by 
diKharge  of  the  characteristic  pus,  often  give  the  first  intimation  as 
^^e  true  nature  of  the  disease. 
The  lymphatics  shew  no  constant  ttmclency  to  become  affecte^l,  and 
fr>  the  glands  are  enlarged  the  swelling  is,  as  a  rule,  due  to  simple 
^imnation  rather  than  to  invasion  by  the  micro-organism. 
Mvta.<iL:i3es,  through  the  vaacuhir  system,  occur  in  a  certain  number 
^  caw^  aud  in  this  way  large  areas  may  be  simultaneously  infected,  as 


in  a  case  rccortlcil  by  Ponfick,  in  whi<:h  the  left  jugular  vein  wa*  par 
for.it«d  by  a  muss  of  the  organism,  with  tfao  subsequent  formation  <i 
uctinomycolic  infarcta  in  the  lungs,  spleen,  brain,  and  heart  (I2t>^. 

Dr.  Moodie  has  recorded  a  case  in  which  the  primaiy  ^eat  of  tt 
disease  was  in  the  right  upper  jaw ;  metastases  occurred  in  the  liver,  »i 
fn>ra  thence  itivadod  the  diaphragm  and  right  kidney.  Chiari  had  a  en 
in  which  metastatic  absceB-scs  were  formed  in  the  spinal  conl,  the 
lesion  being  pulmonar}'  in  the  form  of  bronchiectasis. 

Cultivation. — The  organism  has  Iteen  successfully  cultivated  oi 
the  body  liy  many  observers.  Bostruni,^  in  his  classical  paper,  giv< 
results  of  several  hundred  cultures  which  he  made  from  human  n 
bovine  actinomyces.  He  was  successful  both  under  aerobic  and  anaorob 
conditions  at  37°  C,  using  gelatin,  bouillon,  and  agar.  He  did  m 
however,  succeed  in  reproducing  the  disease  in  animals. 

In  this  country  Prof.  Crookshank  c^irried  out  a  large  series  of  cultur 
which  show  that  the  organism  grows  readily  under  suitable  condition 
the  separate  growths  spreading  peripherally,  and  forming  by  the 
amalgamation  larger  areas  with  crescentic  or  circular  outlines  like  int< 
socting  fairy  rings.  After  a  few  weeks  the  growth  Incomes  covered  wi 
a  whitish  or  yellowish  powdery  efflorescence,  which  under  the  microswi 
is  found  to  be  composed  almost  entirely  of  spore-like  bodies.  Whi 
cultivated  on  agar  the  young  colonies  of  actinomyccs  shew  under  ll 
microscope  a  tangle  of  branching  threads,  some  straight,  some  twiste 
and  some  with  bulbous  extremities.  As  a  riUe  no  true  clubs,  5uc4i 
are  found  in  animal  tissues,  develop  in  cultures,  although  expansions 
the  threaxls  having  a  somewhat  similar  appearance  have  l>een  found  1 
Bostrom  iu  cultures  grown  under  anaerobic  conditions.  Ho  attrihub 
this  to  the  exhaustion  of  the  nutntive  nuiterial  in  the  culture  niediui 
and  considered  it  as  evidence  that  the  clubs  are  involution  forms. 

Biological  Position. — Actinomyces  waa  originally  believe<i  to  be 
mould,  of  whit-h  the  dubs  were  the  asci  or  gonidia,  and  the  threai 
mycelium.  The  researches  of  Bostrom,  Wolff  and  Israel  led  them  to  ti 
conclusion  that  the  clubs  were  involution  forms,  and  that  the  method 
reproduction  was  by  the  formation  of  spores  in  the  filaments,  or  by  thu 
transverse  fission. 

For  all  these  riuestions,  including  the  com])anitive  biology  ai 
|xithology  of  actinomycosis^  and  its  relations  to  madura  foot  and  oth 
simibr  affections,  see  p.  302  ;  also  (152)  (106). 


Clinical  Features 

The  uieufMiUon-pmod  is  moirdy  determined  by  the  scat  of  the  prinuu 
infection.  It  varies  within  very  wide  limits,  it  may  l>e  as  short  a4  a  f e 
days  if  the  lesion  is  in  the  mouth  (r»2),  or  as  long  iis  two  years  (103) 
the  seat  of  infection  is  in  the  extremities.  jH 


For  coloured  dmwiugs  of  caltiiro»  of  iwtLoomyoes,  see  Referenou  No«.  M,  S9,  US, 
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Thff  tlinictti  courts  of  actinomycosis  is  generally  chronic,  but  in 
(xreplionol  coses  there  is  rapid  ilisstiniinHlion,  owing  to  the  hiiigus  having 
(oonfi  entranct?  into  tho  vjLscular  system  with  the  fonnation  of  mctJifiiases 
(<5,  *;fi,  101  J;  it  then  pursues  the  course  of  an  acute  infectious  disejiso 
'*,  *i'i,  or  even  of  [(Vi'^mia.  Such  acute  cases  are  rare,  ami  any 
■  II icnible  pyrexia,  su]>pui-ation,  or  9ci»tic  infection  is  as  a  rule  cJiiiscd 
hrtccidentally  associated  pyogonetic  organisms. 

The  niMnifeatations  of  the  dit^eaKc  may  be  as  protean  aH  the  or^ns 

whifb  the  disease  attacks  are  various.     When  one  of  the  deeply  seated 

'     -■  is  involved,  there  is  generally  no  guide  to  the  real  nature  of 

It  is  for  this  rcjison   that  so  many  of  the  recorded  cases 

I        I'liy   boen   recognised    after  death;    during  life   they   have   been 

.Mi!.-(i  a-s  absceSBcs,  empyema,  appendicitis,  abscesses  of  the  liver,  verte- 

■i.il    iries.  utbercnlonis,  sarcoma,  or  even  cai-cinoma.     In  a  hrgo  pro- 

|MiK.(i  \)i  casea  no  certain  diagnosis  c;tn  be  made  until  the  fungus  bus 

'wi  d»»tecte<l  iiniler  ihe  microscoijc. 

Wlien  the  skin  is  invaded  the  ap|)eiirance  of  raised,  pulpy,  fleshy 
Uttlwis,  irith  minute  fistulous  o[)ening8  discharging  a  thii-k  gelatinous 
piu,Duy  he  ch.'iraeteriHtic,  and  eerUiinly  should  excite  suspicion  as  to  the 
luuiw  of  the  lesion  (32,  133).  Tho  presence  of  the  grains  in  pus  may 
W  fwJily  demunstnited  by  shaking  it  up  in  a  test-tube  with  a  little  salt 
and  water ;  they  will  then  be  seen  clinging  to  tho  sides  of  the  tube. 
Their  jircsence  renders  the  diagnosis  almof^t  cortiiin  so  f.ir  as  the  general 
"AtiUT  (tf  the  affection  is  concerned,  but  the  mote  prei-i.-^o  dilTerenliation 
"f  tie  s|iecic-^  of  fungus  must  be  deciilwl  by  furihev  microscopical  exanii- 
lutiof),  sinco  somewhat  similar  appearances  are  occiisionally  seen  in  pus 
fniQ  tiil>drculous  lei^ions.  As  a  nde  the  pus  is  without  odour',  and  often 
kuagre»«ni*h  or  yellowish  tinge,  but  in  actinomycosis  of  the  lungs  the 
^wtiim  may  be  offensive,  the  case  resembling  one  of  brotichiectaKis.  if 
l^  ii[)iitiim  is  sweety  and  there  is  hif'raorrhage,  the  physical  signs  and 
^ptoms  may  V»e  precisely  simitar  to  those  of  tuberculosis,  or  even 
iniuiiia. 

From  what  has  been  saiii  above,  it  is  evi<lent  that  actinomycosis  of 
ititenial  viscei-a,  in  which  there  is  no  lesion  of  tho  skin  or  (lischargc 
'i'  pw,  is  in  rhionir  ciisea  clinically  indistinguishable  from  many  other 
"^iftasra.  and  the  diiVgnosia  in  the  majority  of  cases  (;jin  only  I»e  made  by 
•lit!  detection  of  the  cluiract eristic  niicro-piirasitc  in  the  discharges  or 
uattons.  Any  deduction  made  from  tlie  couitso  uf  the  <Usea6e,  or 
the  tfiluation  and  physical  signs  of  the  lesions,  is  liable  to  he 
«0Q>.  In  ufittt?  cases  the  ditticulties  are  equally  insuTmounCable 
MK  the  detection  of  the  micro-organism,  and  a  diagnosis  which  turns 
to  he  correct  cannot  be  regarded  as  anything  more  than  a  fortunate 
i»e. 

^gnosis. — ^^^len  uncomplicated  and  local,  the  tliseasfi  is  dangerous, 
ly  from  the  mechanical  interference  which  the  neoplasms  may  exert 
gana  I'ssential  to  life.     Suppuration  and  metastases,  with  their  con- 
ices,  are  tho  dangers  which  should  excite  moet  apprehension.     Just 
ou  II.— PT.  I  Z 
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as  in  tubercle,  the  afiTected  tissues  may  become  cicatrised  or  calcified, 
and  the  disease  may  in  this  manner  be  cured,  yet  in  a  large  proportion 
of  cases  in  which  the  viscera  are  affected,  it  is  steadily  progressive,  and 
ends  fatally  from  exhaustion. 

In  attempting  to  forecast  the  probable  course  of  a  disease  lik« 
actinomycosis,  it  is  necessary  to  take  into  account  such  factors  as  tb« 
part  or  organ  affected,  whether  the  lesion  is  superficial  or  deep,  whether 
it  is  complicated  by  suppuration,  or  whether  the  spread  has  been  by  coka- 
tact  or  metastasis.  Thus,  it  will  be  found  that  whereas  actinomycosis  oi 
the  skin  is  rarely  fatal  and  is  readily  amenable  to  treatment,  disease  o^ 
the  internal  viscera  is  generally  fatal,  since  no  case  of  recovery  aftex* 
actinomycosis  of  the  liver  or  brain  has  so  far  been  recorded.  Dr.  HicheiE» 
has  put  on  record  a  case  of  pulmonary  actinomycosis  which  at  th^s 
time  of  writing  had  apparently  made  a  complete  recovery,  but  such  sk 
result  cannot  be  expected  with  any  confidence. 

The  mortality  in  the  various  forms  of  the  disease  in  257  cases  col- 
lected by  Duvau,  and   quoted   by  Poncet  and   Berard  (123),  was 
follows : — 


Position  of  Lesion. 

Deaths  per  cent. 

Skin 

Face  and  neck  (superficial  lesions)  . 
Jaw  and  temporal  region  (deep  lesioas)    . 
Intestinal  and  abdominal  cavity 
Intra-thoracic  (]>ulmonary  and  pleural)    . 
Liver.         ...... 

Brain  and  spinal  cord  .... 

2-3 

10 

30 

65 

85 
100 
100 

The  visceral  lesions  are  so  fatal,  partly  because  as  a  rule  they  are 
secondary  to  some  other  local  infection,  and  partly  owing  to  the  fact  that 
they  cannot  be  satisfactorily  reached  by  surgical  means.  The  spread  of 
the  organism  is  usually  slow,  and  \\\  cases  in  which  the  lesion  is  super- 
ficial and  within  reach  of  local  treatment,  provided  that  there  be  little 
suppuration  and  no  metastases,  a  favourable  prognosis  may  be  given. 

Treatment. — Two  methods  of  treatment  have  been  found  specially 
useful :  the  internal  administration  of  iodide  of  potassium  in  large  duses, 
and  the  total  excision  of  the  part  affected.  Improvement  under  the  use 
of  eucalyptus  oil  has  also  been  recorded  (64,  140).  Other  means,  such 
as  X-rays  (57),  injections  of  tuberculin  {\'l),  "  bacterien  protein"  (IGO), 
injections  of  iodine,  and  decomposition  with  the  electric  current  (42) 
have  been  tried  and  found  to  W  of  temporary  ])enefit  ('>8).  Von  Baracz 
(9)  has  suggested  the  use  of  intravenous  injection  of  silver  pre})arations, 
but  does  not  give  details  of  any  cases  in  which  this  method  had  been 
actually  tried.  Many  years  ago  Thoniassen  first  used  iodide  of 
potassium,  and  the  local  application  of  iodine  to  the  diseased  tissues  in 
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ciltlf.  In  KSyi-S2  a  aorivs  of  axms  was  similarly  treated  at  Chicago 
^!^l),  of  wKich  63  are  said  to  have  recovered,  and  Nocard  (111),  Sir  J. 
MKiulyeun  0*»^)»  ^^''^^^ij  -'"id  Dr.  It.-insom  (l't4)  have  recorded  awes 
m  man  iu  which  the  same  drug  h:id  been  used  with  marked  succciss. 
Siiicc  it  vaa  first  tneO  many  cases  have  been  treated  with  the  iodides,  and 
with  such  apparent  Iwnefit  thut  it«  use  is  indicate*]  in  iucrciwing  doaes 
«h«n  oiiro  the  diugnosis  has  1>een  made  with  certainty.  In  nmn  the  doHC 
bbooM  reach  at  lea^t  4560  gnit.  j>er  diem  ;  in  cattle  a?  much  us  210  gi*8. 
lui  Ixittii  given.  As  an  a1terr).-lti^'e  to  the  «>xci»iion  of  the  atlccted  pitrtrt 
thwi  ibey  are  accessible,  scmiiing,  combined  with  the  local  application  of 
nitnte  of  eilver,  corrosive  sublimate  in  solution,  iodoform,  or  some  other 
iniiseptic,  may  be  of  service.  The  organism  ia  fortuDately  susceptible 
to  cnrh  methods  of  treatment ;  its  vitality  is  low,  and  if  the  diseased 
{art  can  be  reaiched  with  sjifoLy,  the  aflection  in  a  large  jjroportion  of 
cttHCftU  be  permanently  cured.  T.  D.  AcLANi). 
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■n  '  t]>,-  Mplititrr  whii'h  IiaH  caUMHl  thi*  inf«ftion. — lOrt.   Idrm.     S/iincJitM. 

Dee.  ISP'I.— »107.  Misni-KR.     "I)rei  Fallf  der  AkiiiKimykow*  ties 

7-   :.  Him.  C'Air.  Rl.   viii.  1802,  p.  BITi. — 108.  Neimann's  *»/««, 

*'Th«'   IW-tfrinlogy  of  Aetinoniyi'««i»,"   Mtmtrfat 

100.  -  llo.   Xoi-;»Ri>,     "Jfotu  mil-  la  Maludii-  thn 

anr  1ft  noiii  il*-  finnft,"   Ann.   de  I'luxt.   PtiAlrnr, 

JCettuiJ  d4-  M^tlfcine   r^U'rinairt,   1S02,   p.    107  ; 

Jbgrm.  t'omp.  pail,,  and    Thcrap.   vol.    vi.   1893,    p.    181.- -112.    Pautw  if.       "IHo 

koMJ  des    ML-uscht-ri   vom    kliniachpn    Staiidininkt,"   .'<ttmmlumt    iHnitehe 

Vi.Ikmami,    1888.    No.  306,   i..   28;i3.— 113.   Idem.       •■Die  KiyiiiigsplVirte 

Aktifwmvces,'*  JFitrn.  llin.    Witch rtfscitri ft,  18P3,  p.    !<7,  with  two  fi^iii-it  iti  text, 


Itt.     \Q'J.   Nliiini-LR,    A.    <{. 

Jaum.  1SK)5,  vol.  xxxiv.  p. 
ifk  df  U  (t(ia<ri)*1oti|H}  couuue 
rh.  1888,    p.    293.  — 111.    Idem. 


beini! 


»tTtioM    of  a   tooth  with    tlie   orjpiriisui  in.  sUn. 
".\  rnaxilla  aiitoriorc!  o  posterioi-o  noi  Hoviiii, 


114.    J'KHiniStiini. 

Arti»'|t'  Piifohtriti, 

Italuino,  vol.  iii.  187ft,  p.  599  ;  and  TffuJwhf  ZfUichrift  f.   Thii-f 

*.   33,    with    jiUto.- 115.    PuSi  KT,    A..   *.•(    UEliAlti>,   L.       7'fnd/ 

*^tr ,U  V Adinomt/cmf  Hutnninr,  vie      P«ri*i.    1898,  4.1    (ifiurpn  in   tin-  tfxt  .iinl  4 

ilatei. — lltt.   Idrm.     " Aiaiimniyeoac  angulo  et  tciiijioro  niaxiUairL-  ilroltc," 

1903,  vol.  e.  p.  607.  —  117.   fdrtn.     "  AclinoniViMwc  eci-vioo-faoiale  aigup,  ii 

kgitio  tem|ioro  iiiaxillaire  ;    phU'firnion    li>;ueDx  caractfri-iliqiu',"  L}fm  vt^d. 

Kol.  rii.    ]\    20.  —  118.   Idem.       *' Actilioniyc«8e    wrvir**  -  raiialu  de   furiiir  tii-n 

"wionntoiw ;  nivrite  actiuomycwiqno,"  Lfjnn  la/d.  UK>5,  vol,  civ.  in  3398,  uith  plute. 

«i.      '* Actinoniycose  de  la   faio,  "   I;/on  med.    1903,   vol.   f\.   p.   48. — 120. 

Actinomycotic  fL■H^i^r•.■  d'origiiit:  ru<-talc,  vikilf  phh-^iuoii  iM'tiuumviohiipie  dc 

di-  la  i«rtii-  i»oj>tt'roextern('  de  la  r^uisso  gaaiche,"  Oaz.  d.  h&p.  I'ariK,  1903, 

brrvi.  p.   325. — 121.  Jdeni.      "  Otttv  actiiioniycaitu|UC  ;  uia.stoiditc  cl  plile^iiinii 

demenw  nature,"  Lyon.  mA/.  1903.  vol.  n.    p.  90.3.  — 122.    Idem.    "TriMiiils  ou 

acliuoinycosiijuc  des  niachuircs,"  Onz.  d.  hif.  1904,  vol.  Ixxvii.  p.  237. 

L'actinoniycoHe  Iinmaine  en  Franre."  Prtsae  wi*tf.  19-2,  vol.  i.  p.  437, 

of  France  t>howiu;y;  incidence  of  the  di.sea»e  iu  the  aeveral  drjiartiiu-iitjt. — 

/'iniu    "A  pmpo»  dti  iliagiiostic  rlinii|ije  de  racliimniycone  hiituaiuc,"  Jrch.  dt 

itiiototfif,  19U4»  vol.  viii.  p.  518  ;  also  Btil!.  umd.  de  tned.  1904,  ser.  3,  vol.  Ii.  ]k 

•Iw  li/on  WiAl.  1904,  vol.  cii.  p.  609  :  also  3Ied.  mod.  1904.  vol.  xv.  p.  89.-    125. 

"'W,  A.,  ft  Tiiftvp.snr.  1..    '*  Dr-  Taetinoniyco'te  liumainc  en  France,  et  h  letranm-r 

"^f*!"  eiiMi  dernii-res   auni'ws"  Bull-  Armi.' d.   Mi'd.   Pari*.,  1W)3,  vol.  xHx.  p.  722. 

*"   I't'XMrK.     •' Ueher  (Us  vorkoiniiien  etgenthiuiiliclier,  yelltlidier  Knrner,  etc.." 

*fT  arzttieSe  dSntuwf.  W.iy  1879.— 127.   Idoii.     lireslamr  nrztHdur  Zt'itschri/t, 

»ylg7B._V28.  fdcni.     '*•  Leber  Aklinuiiivkon^!  de^  Meiihcbon  iiiid  di-r  Thicm."  Ilerl. 
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ktin.  fFochr>Mchri/t,  IftdO.  p.  650.-129.  IdtrA.  I>U  AkHinompko»t  des  MfnseStn,  1M2. 
p.  16,  I'JiMe  .'!,  miU  pkto  1.— 130.  fdeut.  V'irffka^p'x  Arckiv,  vol.  Ixxxvii.  18S2.  p.  Ml- 
ftliJ    vol.     Ixxxviii.     p,     19fi  ;     Dir    ^Ih'nnmi/hf.'H'    ttrs    Shttachcn    fitU    ttrue    /n/rfft^'n* 

KmnKJirii,  etc.  Hcrliii,  ISVi.  HtrvtrliwAld.  —  ISI.  Powki.l,  K.  iXnoLtK. 
OtiDi.EK,  IL  Jm  ami  Twlok,  H.  H.  Altfi.Chir.  Trans,  I^ndnn,  1889.  rol- 
Ixxii.  \K  187.-132.  PowRi.1.,  R.  1>.  Ibid.  pi.  iii.  figs.  1  and  2.  — ISS- 
pKiNdi.B,  J.  J.  "  A  (-4tHe  f)f  ActinMinycwiB  esteosivply  iiivolvtng  tlie 
J/«/,  -  Cffir,     Trans,    LnmUm,   1>9.'>,    vol.    Ixxviii.    p.    21,    with    roloune'l    i--' 

—  134.   Ransom.  \V,  M.     "The  Prognosis  and  Trcfttmtnt  of  Artiuoniy - 

.Vrtt.  Jotini.  1804,  vul.  i.  p,  01. — 136.   Rivolta.      "Sareonm  fi1l^o^a  «l  li" 
(Iplla  branrha  mascolUre  sinifttni  del   hovo,"  Maliai   I'ttrrinarin,  IKdS,  p 
Jdttui,     ffvirtutU  di  Anttt,  Fisiolvjiat  e  J'tttholo^fiat,  1875. — 137.  RoHi?*.      T*-' 
Mitrmtcofx,  Paris,  1871,  i>.  575,  iiKi  llg.  I:t7.— 138.   Kohknstkim,  Paul.     "Ut' 
Aktiiiotnyknse  fl<-r  Wciljfitlun  fclm-XL-,  '  P^umiftrteux  JrbntfiH,  B*l.  iv.  Hoft  3.  i 
Ointaiiitf  Itiltliogrnpliy  nf  tlio  siiltject. — 139.    KiMll'.li.       I'rrhuwlluntf  dtr   /A' 
iJrarl/jic/uifl  drr  C/iinir>jif.,M^Sii,  p.  10*..— MO.   Rr'HHAII,Y.       "  A^tilimnyrn  i 
Amuilif  oj'  Sur^ferj/,  l.S9fl,  vol.  xxx.  pI^  417,  rt'l."!,  "■""      '  "     ° ' 


722.— 141.  Sai.v'.s,  K. 
tlie  Tr-atinerit  nf  Lumpy  -law,  etc.,'^  Jiejutrf  k>f  thf  Iturrau  vf  A»iii»it  Ind" 
02,  Xi'w  Vork,  18ttd,  pi>.  10!.>  and  176,  8  plat4?j.— 112.  Sai  va(I£AI'.  C,  and  Kap- 
"8ur  lofl  Onres  Stroptothrh.  Clodothrix,  Aptinomyccs,"  Ann.  de  t'ln^.    !' 
PbtU,  1892,  pp.  242.  213,  2i2.— 143.  SciiMuiti..     "  Ci-lwr  ein  Path.   Fad' i 
etc,'"  iMulKhf.  yjithr.  /.  ThitntuH.  «.  ovy/.  /"ii/A.  ISPI.  p.  375.— 144.  .S.  i 
**  UelH^r  A^tinoinykoiM)  dcti  ^lir^URytiiitiiiiit  mid  dtw  IIcr/.ciii>,"   [ntermti,   >><-t'    -  ' 
iHHert  Meittz^n,  190-^,  vol.  i.  p,  .13.1  ;  6  ilhwtnaion!.  in  tt^xt.— 144fl.  SMATTOi-K.      / 
PttfJi.    Soc.    Lutiditu,  188;'>,  \ol.   i.wv'i.    ji.   261.  — 145.   S<i|.-|MASS.      JnUrh,  /.    K 
JrfipKiit,  18S6,  p.  l.i;i.— 146.  SmKtus,  W.  R.      "A  Study  of  the  Omup  Artin.i 
witli  Hio  R«iiurt  of  a  pAtlio4;i<nic  ^iNKiut  for  Maii."  Amu-t.  Jovrn.  Mrei,  Sn.  IP"! 
cxxriii.  p.  861      With  a  reiortl  of  a  ci%sf>  of  ArtinmnyroitiH  of  the  hwg. — 147.  Th  < 
O.,  and  ANHiKtt,  D.      "  ActiiioinycoMj  Plcuru-Piicuiiiunnin!  .  .  .   pruw  jiour  iiu 
du    f«i«,    Mc,"  J,iur.  d.   Sr.   Mrd.   i/*-   LUIr,  1903.  vol.    ii.    j^  121.— 148.   Tiiom  . 
//i:cA<»  r'/fWit'tiVv/WytVyu*,  Dw\  18S.1,  p.  409.— 149.   Tiibvkh,  F.    /,UR^icM&54. 
pp.  70  and  848.— Hfti.  Ii»e«.      rrdH.i.  Path.  Hoc.  Lomion,  18S4.  vol.   xxxv.  p.    ... 
150.— Thevk*!,  W.  Kmdht.     "On  n  Cdsc  of  Actiuoiiiycoxis,"  Lnnt^l,  1884.  vol.  i.  p. 
107.— 151.   VAN  UKit  Vf.k^  A.,  and   Ki.iiNd,  A.  W.     *'*A  Rt'-nnnir  of  the  *Siild«'n  ftf 
Actiniiniyi^osi^,  with  Rviiort  of  a  Cumc  of  Actitiotriycosis  AlHloiitinaliH,"  4  Ggitn*. 
Mtdiiiil  Xcirs.  X.V.   1902.   vol.   \x%x.  p.    109.-162.    Vixcrst,   H.      "Ktnde   »ur  !• 

edAittt  du    Pipd    JUdnra,"  .-Iiim.  de  flust.  Pastrur,  Paris,  1S04,  p.  129.— 153.    /'    ' 
1 40. —  ir*4.  Vnuihnv.     **  Bcitnigo  nir  Ktnntnifls  der  Trit'-hinosia  und  dt-r  Aki.i 
e  )wi\\\  Si'hwciuoii."  rirch*nv'»  Arehiv.  1S*4,  p.  rKj4.  — LV*.  Woi.ff,  >[.      ll'irn 
lt'oc/i.iiJi'-Jirf/(,   Atii-.    1394,   p.    1431.  — IM.    Wi.i.FF,    M.,   and    1.-»kaki.,  J.      'I 
ReincuUuron  d«w  Aktinoniyps  und   ^fiui^r  Uelwrtragliarkfii  aiif  Thiers,"  fir.-.    ,■ 
Areitiv,  vul.  cxxvi.  1891,  \k  11,  8  pUti's.— 157.  WnujMiu.    "Ein  Fall  vou  irlrorA-natvt 
Aktiiioiiiykose,"   Int.  kfin,   /iunUifJuiu,  1S94,  p.   163,-158.   WunjiiT.  J.  II.     "The 
Hinlogy  of   the    Miero-or^auixQl  of  AitinoiuvciniiH,"  Jonm.   Mnt.    l!r»fnrr/i,   11.    r; 
1904-5,  vol.  xiii.  p.  349,  10  pUtes.— l.'.O.    ZksiaNN.    Mrd.   Jahrhitchrr,   Wiiii,    1^- 

477-— 160.  ZlKOLElL      ** Akliuomykotw   des   Gusicbtua,    Bvhandlung  udt   Baki'-ii'U 
Protein,"  MUtuJtf*^  uud.  WocJin^JtcA.  Itj92.  \*.  406. 

The  following  ii«]>en  and  monographs  orv  of  ipccjji]  intenutt — 

Ro.iritr.sr.      "  Uoter»uchiiO);eu  iilx-r  die  AktinotnykoRy  di-s  Mon»rhcn,"  lirttrtvjrz^r 
tHillui/t>f/i»rJir u  -fnKZ-'HtM,  rti-  ,  Zi'.'|;IiT.  !M*0,  p]'.  1-240.   10  piatt'd.  — InKAEI.,  J.       "  Nouc 

BoubaclitiiDgi'U  aiif  drui  Gtd)ioto  dfr  >lyko:iVU  dM  Mcnsoliiin,"  I'irdunc'n  Archir,  vol 
Ixxir.  1678.  p.  16,  and  p.  50,  pi.  iii.  tit;*.  9,  a,  b.  c,  d ;  a\m  in  rol.  Ixxvili.  1879.  K 
421:  vol.  Ixx.\vii.  1882.  p.  364;  and  voL  Ixxxvjij.  p.  \9\,~  Id^m.  Kfininrht 
Jfei'/AifM  lur  Ai'iMi/fii.<iit  tier  AktiHvmjfkoic  da  i/enschm.  Berlin,  1885.  FlirK^liv;!  i 
.MiK»anKraaKiL  "  (Jrlirr  di«  AktinomykoMi  duH  ftlviiM^hL-n,  '  Britrnffr  z.  ltt„.  •  .. 
Tqhiagvn,  1886.  p.  339.— PAtLr.'*i  if.  ''  Die  Aktinninykiue  duM  Moiiwliyu  voni  kltni-c-luii 
Standpuiikl,"    SammfuH.j   UiHiitfMr    I'ttrtmjr,      Vt.lknumn,    1888.   Xi».    HOrt,   p.   2833.— 

PiiS'  Kr.  A.,  «t  HeuakIi,  L.      TthH^  Clinitjnf  -A   ■'    i  ■'........-,.,,  ;/.,.,. r_  -fr.      Pin«. 

1B98,  45  figurns  in  tlir  t»i.\t  and  4  rolnttrfd   [i  ■  '■     u.- 

inen  «igeuthuinlirlipr,  gidhliclirT  Knrnrr,  ctn.,  'j.  Miv    — 7y. 

— Jdtni.     *'Ual>or  Aktiuoniykoae  dea  MeiMchtfU  uud  dvi  Tluui«,"  MtrL  Um,  H'vchtm- 


'-"»  yt.  650.— /rfrwi.     rfrehov^s  Jrehtr,  toI.  Ixsxvii.  1S82,  l'.  541,  and  vol. 

'.'■  ;  /*iV  AktiHomiikusf  t/rt  Af^UArftnt  riiu  iutif  Infrclhons  KraukhcH,  etP., 

■    ,  Mirwl(W»l<I.  —  HrHtiAH.  Y.     "  ActilioniytoHU  in  M»ii,"  Annnhvf  Surijrr*i. 

ixa.  ii]*.  417,  60&,  722.— WoLFy,  S!.,  aiid'lsuAKi.,  J.     "  U«Ixt  RMiiciiHurcn 

looij'L^e:*  uimI   »Liu«r  relwrtra^barkeit  »uf  Thiore,"    yircJiows  jtreJiiv,  vol. 

(»1.  II.  11,  9  pUtvtt. 


t  iiii.ti<'-< 


.Im 


,.r  i.nj*«ni  on  AotinomycoMo  will  bo  found  in  lUioh'a  BcUran  zur 
Wieii,  18P2,  an^J  in  Toneet  und  Ucru-d'8itionogrA|>h,  TVaW 
-T  HHhiaiiu-,  etc.,  Parw,  1898. 
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CONSTITUTIONAL  SYPHILIS 


By  JONATKAS   HiJTCaiKSON,  F.R.3. 

specific  fever  known  as  Syphilis  diiferB  chiefly  from  it«  congeners  in 
i^mtich  more  proIonge<l  (hirnLiun  of  itK  BevenU  siaget;.  Like  smallpox, 
scarlet  fever,  and  the  others  in  this  group,  it  is  communicable 
)m  the  di&cased  to  the  healthy,  tind  can  be  produced  by  no  other  means. 
ie  them  it  has  itft  several  stages  of  inculcation,  c-fflorcficencc,  relapses, 
:linc,  and  sequels.  As  in  them,  so  in  syphilis,  the  most  prominent 
rinplom  is  an  fxanthem  or  cutaneous  rash.  The  various  stages  of 
>Wi«  tend  to  pa*s  away  of  themselves,  in  th*t  course  of  time,  alnioRt  as 
linly  as  do  those  of  small-pox;  and  one  attack  aflurds  for  a  time 
ninity  from  a  second.  As  is  the  case  in  the  other  zymotic  diseases, 
poison  of  syphilis  is  one  which  poswesses  the  power  of  breeding  in  the 
jnt*  IwHly ;  and  the  smallest  f>ossiblL'  tpiantity  of  vims  suffices  in  »lu6 
to  infect  all  ihe  solids  and  fluids  of  the  system.  The  time  rtHpiireil, 
r,  is  in  it  much  longer,  and  the  »tage.s  are  much  more  protraeicd. 
of  counting  the  duration  of  its  stages  by  days,  we  ha\e  to  count 
weeks,  or  b}'  months.  From  this  cinumsUnce  there  follow,  in  the 
It  naliUTil  manner,  certain  apparent  difTerences  between  syphilis  and 
other  fevers.  Thus,  because  the  evolution  of  the  exnnthem  is  slow 
1,  the  pyrexial  disturbance  attending  it  rarely  rises  to  any 
■  c  ;  and  becatise  each  stage  is  so  nuirh  h)nger,  ectrresj  ondingly 
'tr  margins  for  occasional  variation  in  length  nnist  be  allowed.  U 
fther  follows  that  as  the  disease  extends  over  years,  and  its  stibjects 
If  not  be  inca{)acitated  by  it  for  social  life,  many,  whilst  still  infected, 
Je  jiarents,  and  tninsmit  their  taint  to  their  offspring  ;  a  cirounisiance 
ticli  can  but  very  rarely  happen  in  the  more  short-lived  and  acute 
'ers.'  These  ap[>arL'nt  differences  are  by  no  means  real  ones.  It  is 
Jbahly  by  no  means  correct  to  allege  that  syphilis  is  the  only  fever 
»ich  has  a  tertiary  stage.     What  are  called  the  tertiary  symptoms  of 

HiteilitATy  tmnsmlftsion  ocean  tn  all  Rpeciftc  fcveii   if  it  chance  tbat  offspring  is 
"SC(i1  whilst  tbu  patTut  (B  jiufTeiiDg. 
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sypbilifi  find  their  analogues  in  many  wises  of  Rm/iU-ixix  anU  scarlet  iMw, 
in  what  are  Unown  as  the  secjuels  of  those  diseiLsefi  ;  it  is  true  ih.'it  these 
occur  only  in  a  small  proportion  of  cases,  but  the  same  holds  good  of  ibf 
tertiary  sy|>hih'tic  phenomena.      If  wo  obBerved  more  carefiilly,  it  i« 
prohuble  that  the  8oqnei«  of  the  (i-xanthems  might  be  recognised  miwh 
more  ofton  than  they  now  are  ;  and  that  many  of  the  dise4»sed  cliicsed  « 
"strumous" — intlammationa  of  the  eye,  the  e.'ir,  or  the  skin,  or  Again 
some  disciises  of  )>oiieH  and  joints — are,  at  any  rate  in  part,  the  icrtiiiry 
consequences  of  some  specific  fever.      So,  too,  if  it  he  allegtid   that  tbe 
sUigea  of  syphilis  may  he  shortened  and  otherwise  modified  by  treat^lcn^ 
whilst  those  of  the  other  exanthenis  cannot^  wo  may  reply  that  thoM  of 
the  latter  are  too  short  and  transitory  to  gi\*e  time  for  a  fair  trial  o( 
remedies ;  and  further,  that  it  is  by  no  means  proved  that  mercury  give* 
with  sufficient  vigour  and    promptitude   would   have  no  influence  ovef 
such  a  disease   as  smallpox.      Syphilis  does,   fortunately,   differ   frotf 
most  of  the  other  sjiecific  fevers,  in  that  its  virus  is  incai>ablo  of  diffiisior 
in  the  atmosphere,  and  that  consequently  it  is  contagious  only,  and 
infectious  also ;  but  it  is  by  no  means  solitary  in  this  feature. 

Etiology. — One  of  the  most  noteworthy  <liscoverie8  of  recent  n'mi 
that  of  the  specific  ])arasite  of  syphilis.  Scliaudinn's  Spirocha-tiy  jHiHuhx  is  \ 
very  slender  Hpiial  filament  with  senate*!  borders.  It  iiossefwoj*,  when  free 
a  rapid  undnlatory  movement,  but  is  sometimes  found  in  masses  as  i 
agglutinated.  It  is  stained  with  difficulty.  This  organism  has  now  beci 
identified  by  very  numerous  olwervers,  and  in  many  different  [»rtj  of  thi 
world,  and  there  can  be  :io  doubt  that  it  is  frequently  present  in  largi 
numbers  in  the  lesions  of  primary  and  secondary  syphilis.  It  hius  Wci 
transferred  to  apes,  which  have  Utcr  shewn  the  symptoms  of  syphilid 
It  Xxna  also  lieen  i<ieiitified  in  the  lesions  of  "  Parangi "  in  Ceylon,  a  malad) 
which  biis  for  long  been  with  good  reason  claimed  as  sy])hilis.  Thus  Ou 
it  has  not  be«Q  indisput-ably  discovered  in  any  diseiiso  not  of  a  syfildlitii 
nature ;  wo  may,  therefore,  with  some  confidence  assume  that  the  trui 
causal  parasite  of  syphib's  has  been  discovered.  Its  <liscovery  hai 
in  the  main  been  discounted  by  the  general  iLssiunptiort  that  such  i 
parasite  nuist  exi^t.  This  a£sumption  was  made  when  syphilis  was  firt 
claimed  as  one  of  the  specific  fevers,  and  n[>on  it  motlcni  classifications  o 
the  stages  and  various  phenomeiui  of  the  malady  have  had  their  baais 
It  is  scarcely  to  he  exjKJCted  that  Schaudinn's  invalmible  demon stnUioi 
will  do  much  to  ad\*anou  what  carcfid  clinical  observation  ha^  alreai]; 
aHirmeii.  It  is,  however,  |irolKible  that  it  may  lead  to  new  methods  o 
di:ignu8is  and  |>cr)iaps  of  treatment,  and  it  is  certain  that  it  will  ad( 
exactitude  to  research.  [For  description  of  the  parasite  see  article  oi 
"Protozoa"  in  volume  on  "Tropical  lUso^ises  and  Animal  Parasite^"] 

Having  thus  defined  the  i-anl?  which  tnte  syphilis  ought  to  occupy  ii 
our  nosological  chissificatiuns, — a  [loint  of  the  utmost  imptirtance  to  ooi 
correct  apprt^cialion  of  its  nature, — we  may  next  ask  the  question 
whether  under  this  name  wc  have  to  deal  with  one  disease  or  wiO 
several.     Every  surgeon   is  aware  thai  there  are  many  venereal  sorei 
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'    ■   irv  not  followed  by  dyphilis,  iind  veiy  difTerenl  opinions  have  W'cn 

ried  of  the  relation  which  these  huUl   to  the  real  disease,     home 

iuvi  «s«umrd  that  there  are  seventl  <listiiicl   poisons  ;  others  hold   thut 

lii^nj  are  ccruiiniy  two.      Without  onti-rin^i  ut  length   into    the   oontro- 

tcriy,  it  muv  be  remai-ked  that  the  evidence  in  favour  either  of  phiralUy 

m  vj  d*H%l'Uu  ^  has  always  been  quite  inconciuftive.     Let  us  accept  clejiHy 

the  doctrine  that  all   forms  of   inniinimHtion  are  Httended  by  elements 

iiiiy  prove  contjigious,  and  cajwiblc  of  producing  disorders  similar 

•0  in  which  they  have  originnted,   imd   we  shall   not   h;ive  innch 

diflictdty  in  explaining;  the  differ«;nt  forms  of  non-syphilitic  venereal  sores. 

Tlu  Bujurity  of  the  latter  are  probably  <ib*>r(irf  itwcul'ttU'im.     in  the  per- 

fnnBUceof  vaceination  the  utmost  cai-e  is  taken  to  secure  the  true  virua, 

jtitnA  infrequently  abortive  sores  are  produced.     If  it  were  the  practice 

loiuocalate  again  from  these  abortive  sores  when  Bujipurating,  wv  inigltt 

ir-«luce  an  ana!f);;onB  state  of   things  to  what   we   ik>w   have  in 

i  10  ihe  -Hoft  and  hanl  chancre.     The  cuiiiuuinication  of  s\*philis  in 

(iiiciju  life  is.  of  course,  a  matter  of  mere  chance,  and  the  virus  with  which 

r.  Mtffected  can  be  but  very  sehlom  in  a  stjite  of  punty.     It  is  prol>jible 

tbat  very  often  the  secrctitm  which  eHects  it  does  not  contain  the  specific 

vinw  of  syphilis  in  a  form  capible  of  it«  own  reproduction.      In  other 

iimuices  sorpji  may  result  from  irux-ulations  of  a  mixed  accretion  eon* 

tmag  the   true   virus,   but   with   it  an   iiritant  capable  of  producing 

tfitUmmalorj*  action  uf  a  kind  likely  to  be  destructive  to  iUs  vitality.     A 

diwicre  which  ulcerates  ipiickly  nuiy  \ery  possibly  thus  rid  it«?lf  of  a 

unu  which  would  otherwise  have  gone  through  its  stage  of  incubation. 

Forllitr.  we  must  remember   that  this   stage    of   the   [trimary  sore    is 

•ly,  and  that  those  who  have  otice  had  it  but  seldoui  hiive  it  again. 

pro|K>rtion   of  the  women  l>y  whom  contagiipn  is  communicated 

iwH'  liud  .■^yi'liilifl  long  l>efore,  and  are  incajMible  of  originating  the  true 

nru*.     The  .s^jres  which  they  [irascnt  ai"e  analogoiia  to  those  caused  by 

*'>ranfition  in  protected  persons.      These  considerations  would,   I   feel 

<wiliiient»  enable  us  to  put  a.fide  the  unnecessary  hypothesis  of  duality.- 

In  an  article  on   the  medicid  iLS[>ects  of  syphilis  any  detaile<l  con- 

■    '''^n  of  the  primary  symptoms  would  i»e  out  of  place.     It  may  be 

111  to  say  that  the  succe&'i  of  a  syphilitic  inoculation  is  denoted  by 

^<ie  funuation  of  a  base  of  induration  l»eneath  the  abrasion  first  noticed ; 

'  K»ii*]y  ii   is   olisiirj   to  sjwak   of  tin;  "duality  "  of  tliiiiK»  wliicli   Imve  stiirvely  any 

*•**■■  in  cnmntua.     The  imt'luctiou  of  const  it  ntiouftl  ulitiiomeua  u  ilie  essentinl  fofitiin;  <if 

'"'  '      iiui  A»  ttiud  ilfiiutvi   tlien?  are  not  two  form h  of  Hy]>liili8.     Wt- mny  frix-Iy  n»lniit 

irj[.uri:  svxnnl  intcicoui-sr,  flui-U  of  n-ry  viirioiiv  quiiljlit*  tiXfX  t;ti<iuwmcut»(  niny  be 

'  '.'1.  and  tlms  very  iliffen;nt  kinda  of  local  nlct-rx  may  resntt,  but  Uirrv  i»  only  oue 

I**"*  niiJiih  cnii  prodncK  syphili.i. 

*  llii  &  plftUiililf!  ronjwitin-  th«t  in  th«  tion ■  infecting  chanare  which  never  itidnrslM 

l*»'iflc  [Mrvitv   U  not  prvsrnt  Itut  only  its  prcKJticU.     Tlic  rt-wnt  diM-nvery  of  tlt« 

ly  \m^  exjtectiid  tn  afTnnI  tinjmrlant  ellKudittJon  of  tliLi   point.     That  tlir  tioli- 

'•iifl  "  wirv  v*  in  Honn!  way  couneclt'd  witti  Iriio  KVphilit,  no  otic  can  dotOrt.     Tttont* 

con^idrr  tUv  pvidi-iii'«  *.*<  rvf^artln.  Ducrvy'!*  tAtriltuH  ruiK.liii'ivL*  niJiy  tirKunl  it  »* 

llie  ^/«'nW^tft<I  ixfringaix  in  tht-  cbumt  of  the  uoii-iafectiiiK  or  sofl  »orw.     Tb« 

of  V  choiicroifU  Knt,  bowowr,  very  varialde  in  c)iiir3U:t«T,  oud  may  not  nil  Iw 

joiuite. 


thiib  this  induration  in  seldom  well  characterised  until  three  weekii 
month  after  the  contagion  ;  thiit  it  is  usiuilly  attended  by  very  little  cither 
uf  ulceration  or  suppunition,  and  that  it  ciiusea  an  tiular|;cnmnt  of  iba 
proximMl  lymphatic  glands.  The  htiV)o  sho\rs  tho  samo  tendencies  » 
does  the  chancre.  There  is  hardness,  with  but  little  swelling,  iind  nn\j 
much  tendency  to  the  formation  of  piw.  TIibsh  chamcters  will  iwuilly 
be  the  same,  or  nearly  the  same,  in  both  sexes,  at  all  ages,  and  on  il! 
parts  of  the  body.  It  must,  however,  be  freely  admitted  that  nMj 
chancres  which  infect  are  yet  never  indurated.  Some  writers  hold  tbt 
certain  part^  never  exhibit,  when  inoculated,  the  phenomenoT)  of  indnntioD. 
Chancres  with  well-characterised  induration  may,  however,  be  met  will  in 
most  various  jwsitioiis  ;  for  example,  in  the  glans  penis,  the  nipple,  llw 
lips,  the  eyelids,  the  banilp,  and  so  on. 

Secondary  Symptoms. —A  8uccest*fnl  inoculiKinn  having  been  effccii^l 
a  prri'fl  of  incnfHiitiiH  ensues  which  may  last  from  one  to  thn*  montbi 
and  usually  averages  about  eight  weeks.  During  tho  Utter  part  of  Uiii 
period  the  patient  is  often  sensible  of  some  malaise  and  discomfort,  and 
may  1>e  feverish  in  the  evening.  At  length  an  exanthem  m&kea  ib 
ap|«iimnct*,  affecting  Itoth  the  skin  and  the  mucous  nienibraneB.  Tin 
skin  .shows  a  scattert-d  eruption,  which  may  vary  very  coti.'^iderably  ii 
sonic  of  it<(  characters,  but  usually  conforms  to  ndc  in  being  nf  a  onpp^r 
hue,  and  in  preferring  the  fronts  of  the  limbs  to  their  dnnwd  asjwcU 
This  rash  may  tw  merely  congestive,  resembling  that  4>f  measles ;  or  i 
may  bo  scaly,  papular,  eczonmtous,  pustular,  frnmlnesial,  or  bullous.  I 
some  few  cases  it  is  attended  by  ulceration,  but  as  a  rule  it  invades  onl 
tlie  superficial  la3'ei's  of  the  skin,  difVeriny  in  this  respect  frr)m  the  tertiar 
manifestations.  There  is  not  the  slightest  reason  for  believing  that  thcj 
(iifferencea  in  the  chamcter  of  tho  exanthem  imply  difference  in  tfc 
nature  of  the  virus.  Chancres  exactly  coiresponding  in  their  charadM 
may  bo  followed  by  most  diverse  kinds  of  eruption.  Simulu-inecnisly  wit 
the  eruption  on  the  skin  we  usually  observe  evidences  of  simihr  implio 
tion  of  the  mucous  surfaces.  On  the  tonsils  symmetrical  ulcers  fonn 
these  ulcers  ai-o  often  of  kidney-shape,  and  have  a  grey  Imse  i^Tth  abni] 
edges.  They  are  attended  by  but  little  pain,  and  do  not  spread  moc 
either  laterally  or  in  depth.  They  are  often  attended  by  a  silvery  whil 
discoloration  of  tho  adjacent  mucous  mendji7ine,  which  may  suggest 
com(>iirison  with  the  tnicks  left  by  snails.  After  l.<wting  for  a  few  weel 
they  usually  heal.  These  tonsillar  ulcers  ai*e  rarely  aWnt  through  iti 
whole  of  the  cxunthematttus  sUigo,  bnt  they  may  often  re<(uiro  carefi 
search.  Very  often,  but  not  nearly  so  constantly,  wo  ol»ser\'e  also  certai 
superfieial  patches  of  inflamed  mucous  membrane  in  the  niotilh,  on  tl: 
pharynx,  palate,  tongue,  or  cheeks.  On  the  tongue,  at  the  comers  of  Ui 
month,  and  sometimes  in  other  positions  also,  those  {batches  t>eeomc  vef 
considerably  raised,  and  assume  the  condition  known  as  condyloma.  1 
condylomas  bo  ohser^'cd  in  the  pharynx,  they  will  almost  always  \. 
found  in  the  arms  also,  and  conversely.  They  are  to  be  rogiinlecl  i 
patches  of  cutaneous  eruption  modified  by   their  position  and  by  tli 
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taui'tnre  of  the  pnrts.     Wbeiber  or  not  in   these  cases  nxvf  eruption 

■    i-  thmitgh  ihu  iilinicnlary  cnnitl  is  ii  point  up<m  which  we  have  no 

a     That  ihoro  is  in  this  stugo  a  temloncy  to  overgrowth  iis  well 

M  \u  innamiu.ilory  chau^cs  is  prov*;d  by  tbe  uccasiunal    production  of 

WfilH-iwraciorisetl  juipillomas,  uspfn-ially  on  the  t<>ngue.^ 

Tbv  oxnnthcm  nsimily  takes  from  a  fortnight  to  a  month  before  it  is 

fiiHr  out,   nnd  about    two  monthB  are  usually   occupief)   in   it8  gnidiuii 

lUlintf.     In  Hunie  cJisew  it  is  very  transitory  ;  in  some  it  is  greatly  pro- 

When  it  is  at  its  height,  or  just  when  it  begins  to  decline,  thcrf 

n  exceptional  cases,  an  inflammation  of  llie  eye.     The  iritis,  whtn 

ri  bii]*pon8,  ifl  usually  Hynimetrical.     It  is  attended  by  the  free  etTngion  of 

\\i\\\\  often  in  elevated  nodules  of  a  salmon  or  rust  tint ;  the  character- 

btic  zniie  of  ciliiiry  congestion  ia  usually  well  mBi-k(>tI,  and  there  is  often 

aiiotlwl  lieposit  in  the  posterior  lamina  of  the  cornt^a.      In  other  cafcs, 

m\j^  of  iritis  or  coincitlent  with  it,  inflammation  of  the  retina  occurs. 

initis  is  u^^ually  a  liitle  later  than  tite  iritis,  and  we   tJircly  see  it 

hi-  eruption  on  the  skin  is  *liaapi>earing.      This  form  of  retinitis  is 

»<(  very  uncommon,  ami  is  a  very  insidious  and  most  important  maiaiiy. 

Tbv  iBklient  notices  nothing,  excepting  that  liis  si^ht  is  very  dim  ;  he  has 

BO  pain,  no  congestion  of  the  front  of  the  eye,  no  intolerance  of  light. 

Tlfuphthalnioscope  shews  us  the  retina  hazy,  and  as  if  stained  with  port 

•i'lf    the   optic  dif^c   slight!}'    swollfU   and   its   margins  indiHtinet ;  and 

iilly  numerous  small    extravjisjitions  of  blood   are   seen.      Verj' 

.    : /ly,  in  association  both  with  iritis  and  retinitis,  the  vitreous  body 

»  iImj  ]iffe4*ted,  and  a  cloud   of  ojiacities  result.      These  may  lead  to 

■iilfiaiity  in  the  recognition  of  the  precise  state  of  the  retinap. 

h  is  correnily  supposed  that  syphilitic  iritis  may  oeciir  at  almost  any 

'ti  the  course  of  tlie  disease.      I  sfieak  after  close  attention  to  this 

,  when  I  assert  that  all  our  well-marked  examples  of  this  disease 

)'B«ni  themselves  amongst  the  secondary  phenomena.     From  three  to 

iiTKonths  after  the  chancre  is  their  usual   date..      When  once  iritis  has 

Meun^l,  and  adhesions  have  been  left,  relapses  are  Liable  to  liappen  ;  anrl 

*''  'i  -  led  to  the  error  which  I  am  endeJivouring  to  confute.     In  these 

■\'X  cii-<e8,  however,  the  syniptfmis  are  xi^ry  diH'erent  fr*im   those  of 

■  iittack.     The  efl'usion  of  lymph  is  much  less  free,  no  nodules  ai-e 

'ini  rarely  are  loth  eyes  8iraultaneou.''ly  affecte<l.     There  is  almost 

*iwiifs  either  rheumatism  or  true  gout. 

^Vbilfit  the  local  phenomena  just  mentioned  are  occiuTing,  there  are 
"■yMly  present  others  of  a  less  definite  charncter.  The  patient  loses  flesh, 
n  18  rettless  ami  slightly  feverish,  the  a[>iHitite  is  deticient,  the  bones  iiml 
jfifnUache,  and  the  hair  liecomcs  dry  an<i  thin.  Now  and  then  swellings 
wciiron  certain  bone*,  more  es[teciHlly  on  those  of  the  skull ;  but  in  this 
JJA^  periostitis  is  always  filigbt  and  transitory,  and  never  suppurates. 

^  k  Gimre  of  pApilloniatoa*  growtfati  oa  (he  dor* am  of  Ui«  tonffQ*  not  mmtylomstoDs 
'  -f  CUnicfil  MnrtjiTf/,  Plnte  LVIT.  Fig.  2.     T\n:  demonulnition  of  tbe  occur- 

^  IMirtropliieFi  of  {upillip,  an  well  t»  tlie  inodiUi:atlaDH  iu  the  cDDdylotna,  U  of 
:e  in  ootiUttxion  with  ^'fiamtMrKJoI  ityiihili*." 
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At  this  stuge  also  the  patient  may  suddenly  become  deaf  in  one  or  hotJ 
ear«,  and  now  and  then  fticial  pnndysis  attends  the  detifnt'ss. 

Such  are  the  various  symptoms  which  mark  what,  is  callefl  tb«f 
secondary  stage  of  syphilis  when  not  li^oat^^d  by  mercury.  In  maiivduetf 
only  a  few  of  them  occur,  the  rash  un  the  skin  aiid  the  ulccin  in  ti» 
ton^iU  being  the  must  coiiistant.  In  many  iudividuals  otl  the  secottdnjr 
symptoms  have  disappeared  within  six  months  of  the  original  cmiugian; 
but  in  a  larger  number  a  year  elajMcs  before  such  is  the  wise.  Ii  i»  raw 
for  any  Bymptoms  l>elorigirig  to  the  secondary  group  to  linger  wfier 
eighteen  months  have  passed,  although  their  cirects  are  often  scou  mod) 
later.  That  the^v  symptoms  may  disappt>ur  in  a  most  satisfactory  niantipr, 
quite  irrcs|>ectivc  of  any  efhcient  tre;itraunt,  is  confirmod  by  ever)- tUj'i 
experience.  The  stiitements  just  made  are  supposed  to  apply  to  cASuio 
wiiich  mercury  lias  beeu  avuided. 

lifi'urritt'.i  l-^nipiioHS. — Although  it  is  true,  as  just  stated,  that  the 
secondary  stage  is  never  ropcatcil  uidess  a  fresh  inociUation  has  occurrwl 
it  must  be  admitted  that  in  mre  instances  generalised  eruptions  do  turxn 
lit  loii;^  intervals  subsequent  to  ap|iareiit  cure,  which  it  is  oxcucdin^fW 
ditficult  to  distinguish  from  those  of  the  secondary  stage.  Kttch  c^sa 
have  been  recorded  Vioth  b^'  M.  FoiU'nier  and  myself.  Sometimes  men 
than  one  such  attack,  with  intervals  of  sevenil  years,  may  occur  in  tli< 
same  individual.  The  eruption  is  usually  a  (juito  superficial  one,  cIomI; 
resendiling  that  known  as  pityriasis  j*ose<i,  and  di«ij>fM.'Jii"s  very  'piickl. 
and  completely  when  meixury  is  given.  It  is  never  attended  by  (ever  «^ 
sore  throat,  and  its  subjects  lire  sometimes  manied  men  whose  rccentl 
born  children  shew  no  signs  of  taint,  and  whose  wives  remjiin  uriaffectM 
All  the  recorded  observations  have  l*oen  made  in  cases  in  which  prolongc 
mercurial  treatment  had  l»eeu  used. 

Sifp/iilin  Mdiijun. — The  term  "malignant  syphilis"  is  applies!  ) 
cermin  cases  which  run  a  rapid  and  severe  course,  and  <lo  not  casil 
yield  to  specitics.  It  uscil  to  be  thought  that  the  tertiary  stage  foUuwv 
prwipitately  on  the  secondary,  but  this  is  not  exactly  the  tmti 
Ulcerating  lesions  and  gi'eat  failure  of  health  do  undoubtedly  cli&racterji 
the  cases  called  malignant,  but  they  are  not  strictly  tertiary.  It  is  ll 
tendency  to  ulccnite  and  not  the  j)i*o<luetion  of  gununas  which  forms  ll 
]»aramount  feature  in  these  cjises.  In  some  instances  this  midigu&i 
severity  is  the  result  simply  of  neglect  of  early  treatment,  and  in  (he 
the  judicious  use  of  sjrecifics  is  usually  juumptly  etVectual.  Others  ai 
more  serious  coaes  are  those  in  which  mercury  bos  1>een  used  too  fro6 
for  a  while,  and  untler  necessity  abandoned,  but  these,  too,  are  hojiefi 
The  worst,  and  fortunately  the  rarest,  arc  those  in  which  the  prtttci 
shows  idiosyncrasy  oa  regards  mercury.  In  some  of  these  e>en  vei 
small  doses  caut^e  ptyaliiim  and  iiitlanunation  of  the  thrr>at  and  mnut 
and  treatment  becomes  extremely  difficult.  It  avails  little  to  change  ll 
mode  of  administration,  and  the  only  plan  is  to  send  the  patient  to  tl 
sea,  and  to  combine  (piininc  with  the  mercury,  carefully  adjusting  tl 
dose  of  the  latter  from  week  to  week.     In  almost  all  cases  of  maligna 


raercnry  is   still   ihe   remedy,  and  in  many  it  mast  be  used 


iry  Symptoms. — When  tho  f;roup  of  flocoiidary  sympionia  Iwis 

pViiy  there  usually  foUow«  u  perioil  nf  apparent  henltb,  during 

which  tiic   patient    may    helieve    himself    wholly  cured.      The    interval 

tctwctfti  lh«  WL'U  uhunict^irised  secondary  and  ihu  well  characterised  tertiary 

iympioms  U  one  of  different  degrees  of  immunity  in  different  cases.     In 

-^.iDv  p-ntotiB,  probably  in  a  large  nmjonty,  the  disease  becomes  wholly 

i   tnd  the  {mtiont  exjterioncua  nothing  whatever  to  remind  hira  of  his 

i;     |r.  many  others,  however,  recurrences  of  symptoms,  which  it  w 

:.    iii:  t.}  ,L^-itgn  to  either  gi'oiip,  continuo  to  shew  theniHelvea.      Su|)cr- 

^i.ll  *-):iu'  on  the  tongue  or  tho  mucous  meml>rano  of  the  month,  isolated 

}uti:ht.'a  ui  scaly  or  desquamating  eruption  on  the  skin,  especially  |>soriasis 

{ninuris,  are   the   most  frefjuent  of  these.     Sometimes   they  are  syra- 

nwtnca] ;  at  other  times  not  sck     Such  symptoms  may  continue  W  recur 

for  njAny  years  aft«r  the  contagion.     They  probably  depend  nil  her  on 

{urnnanent  tii^sue-contaniination  than  on  still  existing  blood -disease.      At 

»iiv  nOe  it  may  be  safely  asserted  that  we  never  witness  any  true  recur- 

mvx  of  the  secondary  epoch.     The  eruption  is  rarely  very  copious,  and 

^xardy  of  such  a  rhanicter  hk  to  deceive  an  experienced  eye  ;  nor  is  it 

d  by  the  nlreis  on  tho  tonnils,  or  iritis,  which  are  so  common  in 

•econdary  stage.     In  niro  in^tJinces,  at  an  interval  of  jierhaps  a  year 

•»  eighteen   months  after  infection,  a  rehii>ise  of  a  gcncml  symmetrical 

:t.-  occur.      This  rash  may  assume  the  form  of  rupiu,  and  be 

-ii  '.1  hy  severe  constitutional  symptoms. 

(iimntftjt. — Spejiking  genendly,  however,  after  an  interval,  which  m.iy 

^vy  in  length  from  »  few  months  to  a  few  years  after  the  cessiition  of 

aeourtwr  phenomena,  symptoms  of  a  different,  kind  may  ensue.     Intlj.m- 

iitdumtiuns  of  a  chronic  character,  and  tending  slowly  to  softoning 

■rat inn.  occur  in  the  flccp-scated  tissues,  or  in  the  deeper  parts  uf 

liicinl  ones.     In  this  way  the  akin,  the  subcutaneous  tissue,  the 

,       u;iim,  the  muscles,  the  internal  viscera,  the  organs  of  special  sense, 

^  Bven  the  cerebrospinal  system  itself,  may  be  attacked.     A  remsrk- 

«We  difference  is  to  bo  observed  between  flecoiidary  and  tertiary  symptoms 

**  T«|pinie    the    symmetry    of    the     intlammations     producefl.       In    the 

!  ry  stage  a  most  definite   tendency  to  symmetry,  often  very  exact, 

Mfl,  proving  that  the  producing  cause  ia  free  in  tho  blood,  and  is 

1  imi>artially  to  both  halves  of  the  body.     In  the  tertiary  stiige 

.■>.i(in8   are    often    single,   or,   if  mtiltiple,   they   display   but   little 

•cainu^  of  symmetrical   arrangement.     This   implies   that   they   result 

Wi  iliftturbe<l  organifwition  of  the  solids,  rather  than   from  any  poison 

•till  ^'tiaiing  in  the  circulating  Huids.     Tlie  occurrence  of  tho  tertiary 

■tn-i  is  to  be  explainwl  by  the  fad,  that  during  the  cxanlhematons 

Oien  the  wlmle  bloo<l  was  loaded  with  the  virus,  the  various  solids 

1  the  elements  necessary  for  their  growth  from  ^Mjisoned  blood. 

**u  impairment  of  organis;ition  in  such  tissues,  and  a  liability  nndtr 

E"  exciting   causes,   or  even    in   the  ordinary   course   of  nutritional 
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change,  to  the  occurrence  of  specific  forms  of  inflammation.  It 
to  see  that  in  syphilis,  with  its  very  prolonged  period  of  blood-poi 
the  risk  of  permanent  tissue-modification  must  be  much  greater  t 
the  other  fevers.  During  the  exanthem  stage  of  small-pox  proba 
little  in  the  way  of  nutrition  is  effected ;  the  changes  being  chiefl 
of  waste  and  disintegration.  From  this,  it  almost  necessarily  folio 
the  more  prolonged  and  severe  the  secondary  stage,  the  greater  t 
of  tertiary  symptoms. 

The  following  is  a  statement,  in  tabular  form,  of  the  various  syi 
of  the  different  stages  of  syphilis : — 

1st  Stage. — InoculaXion  and  An  ulcer  with  indurated  1>ase  and  h 

hxcvhation.  scanty   secretion.      Induration   of   the 

Average  duration,  six  weeks  lymphatic  glands,  with  but  little   adjai 

to  two  months.  flammation  or  tendency  tu  suppurate. 


2ud  Stage. — The  Humoral  or 
Exanthem  stage,  that  of 
secondary  symptoms. 

Average  duration,  'two  to  six 
months ;  may  extend  over 
a  year,  oreven  much  longer. 
Lesions  general,  symmetri- 
cal, and  not  serpiginous. 


Symmetrical  ulcere  on  the  tonsils,  nol 
ing  either  in  width  op  depth.  A  syni 
eruption  on  the  skin.  Condyloiiiatous 
on  the  mucous  surfaces,  and  on  the  skin 
to  the  mucous  orifices,  usually  symi 
Iritis,  i-etinitis,  or  otitis  ;  mostly  symi 
Pains  in  bones  and  joints.  Febrile  dist 
Loss  of  hair.  Slight  enlargement  of  Iv 
glands  in  all  parts.  Arteritis  and  otl 
tions  of  the  blood-vessels. 


3rd  Stage. — Interval  of  la- 
tency or  of  relapses. 

May  vary  from  a  few  months 
to  many  years.  Symptoms 
usually  persistently  local. 


In  most  cases  the  patient  is  wholly  f 
symptoms,  but  in  a  certain  number  n 
occur  from  lime  to  time  in  the  form  of  i 
scaly  patches    or  rings,  especially  on 
psoriasis  palmaris,  sores  on  the  tongue. 
Recurring  herpes  on  geniuds,  or  in  mou 


4th    Stage.  —  Tertiary  sijnip- 

toms  or  sequeln.      The  stage 

of  gummas. 
Of   uncertain   duration,   and 

often   characterised    by    a 

remarkable     tendency     to 

reljip.se.         Lesions     local, 

not  symmetrical,  and  fre- 

([Uently  serpiginous. 

Having  thus  sketched  the  normal  course  of  syphilis  in  its 
stages  and  its  sequels,  we  must  ne.xt  consider  the  conditions  undc 
its  orderly  evolution  may  be  interfered  with.  These  conditi) 
with  one  very  imporUmt  addition,  the  eflects  of  specific  tn 
precisely  the  same  as  tho.sc  which  ni:iy  disturb  the  course  of  ai 
oxauthem.      M'e  have,  1st,  idiosyncrasy:   I'nd,   tlic  coexistence 


Asymmetrical  ulcerations  iu  the  nic 
throat,  tending  to  spread  widely  and 
Asymmetri&il  lupoid  ulcerations  of  t 
Nodes  of  periosteum,  cellular  tissue, 
tendon,  fascia,  or  nerve  ;  not  usually  e; 
cal,  chronic  in  progress,  tending  to  uh 
even  to  slough.  Diseases  of  visccn 
vessels,  and  nervous  system. 
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diiikens  or  of  some  other  Bpt-cific  disease  ;  3rd,  immnnity,  partial  or  eom- 
•UtAinetl  by  a  previous  attack  of  the  aiinie  diswLse ;  4th,  inherited 

II  my,  parLial  or  complete;  5th,  imperfect  mociilation ;  (3th,  the 
tnlturiice  of  treatmenu 

1*1,  As  reg:»-ds  niitm/nciusy^  1  ruay  simply  rcnunk  that  it  is  a  itiHtter 
iif  general  ex[H.'neriC45  tliat  certain  eoiistituiions  resist  the  spuciHc  animal 
{njiMDd  in  a  most  remarkable  manner  ;  and,  on  the  other  hand,  we 
nsfft  will»  those  who  succumb  cjwily  and  sutler  severely,  We  are  iitiable 
lit  nffcr  any  explanation  of  thia.  'Hie  intiuctico  of  these  inexplieuble 
j<cduritic»  in  individuals  is  fi-equontly  obderved  in  reference  to  sypliilia. 

2ml,  The  exiutonce  of  some  sp*!^ai  dutthesiji  or  of  Aonie  otfirr  fijircijic 

httrtl  the  time  of  syphilitic  inoculation  may  modify  the  course  of  the 

Urtw.    Poesibly  we  overrate  nilher  than   otherwise  tlie  effects  of  thus© 

ilftwncftn     Althou<^h  it  is  not  infre(|Uent  to  find  a  delicate  scrofulous 

nbJMt  saffering  with  unusual  severity   from    syphilitic    poisoning,  yet 

Ikft  oonverse   is    almost    equally  common ;   we    often    see    the   delicate 

M^N  easily  and  the  robust  sulTcr  very  sovei-cly.     There  can  bo  little 

doobt,  however,  that  the    tendency   to   Biippurution    and   ulceration  is 

Biiwh  greater  in  those  of  fair  skin  and  sanguine  tempemment  than  it  is  in 

otken.    The  influence  uf  diathesis  (scrofula)  also  often  makes  itself  felt  in 

ling  recourse  to  specific  treatment.     There  is  probably  no  rcjtson 

vc  that  the  existence  either  of  a  8j>eciul  diathesis  or  of  another 

fever  will  materiidly  modify  the  duratioa  of  the  several  stages  of 


3rd,  A  prerioM  utiacJi  of  tht  wim  tfviousr  is  well  known  to  exert  a  most 
inptJttant  inltuencu  upon  the  course  of  a  second  in  the  same  individual, 
h  it  geuei-ally  understood  that  syphilis,  once  had,  is  protective  in  the 
wjurity  of  00308  against  any  second  attack  ;  and  second  attjicks  when 
^  do  occur  are  much  ino<litied.  There  is  reiuion  to  believe  tbut  second 
iiiocuiiilions  arc  ojmnion,  and  that  they  usually  end  in  the  production 
"nly  of  the  soft  chancre  (alwrtive  sore).  It  is,  however,  quite  certain 
^  second  iniections  of  syphilis  may  be  followed  by  the  full  phenomena 
*^i  ihc  (hsease. 

4tb.  Of  yet  wider  importance  is  the  question  of  the  ii^unrf  a/ 
^Tite  IN  Ihf  futrmt  in  itffordinij  jtrMrAum^  jHtrtutl  w  eotitpirti!,  fo  the  offf^jmng. 
If  VTt?  grunt,  as  we  must,  the  two  postulates — first,  that  syphilis  is 
^fijwmijaible  to  oflfepring ;  and,  secondly,  that  it  is  protective  for  a  certain 
litnc  agaiiiiii  secoml  contjigion — then  we  are  obliged  to  admit  that  just 
*»  tlin  disc;i80  itself  may  be  transmitted,  so  may  the  immunity  which  it 
I  Here  again  it  is  ven.'  ditHcult  to  obtJiin   trustworthy   clinittal 

!  e  on  which  t<>  build.     There  can  be   little  doubt  that  those  who 
^law  fturterwl  in  infiuicy  from  inherited  disejwc  are  to  some  extent  pro- 
'ITiey  are  in  a  similar  [wsition  to  those  who  have  passed  tbrotigli 
acquireil  disease.     Tliis,  however,  is  not  the  whole  question.     We 
u\  iwk  whether  the  offspring  of  those  who  have  recently  had  syphilis, 
in  whom  no  evidences  of  inherited  taint  have  occuncd,  are  vet  in 
'» degree  protected)     Can  a  jwiront,  without  transmitting  the  dise^we, 
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}rct  traustnit  a  constitution  in  some  measure  immune  t  The  affiimiuirt 
may  Ije  heUl  to  be  probiihle,  and  the  dcgiee  of  immunity  may  be  »up]M«M 
to  Im!  in  direct  i-elation  with  the  shortness  of  the  interval  since  the  disew 
occurfed  i?i  ilie  parent. 

Second  infection  usuaUy  results  in  the  production  of  u  much  milde 
form  of  the  disease.  This  is  what  occurs  in  cases  of  small-pox  afU 
vacciniition,  nnd  after  a  previous  attack  of  the  true  disease.  It  is  turd 
impussible  to  believe  th:it  the  constitution  of  n  |}erson  who  has  paaiC 
through  the  stages  of  any  of  tlicso  diseases  ever  agiiin  jtjturna  to  precise 
the  sjtrae  condition  in  relation  to  tlie  vinis  in  question  that  it  held  bofor 
It  is  cijunlly  iiUM>nceiviil>le  but  th:it  some  shuro  of  this  peculiarity  sht 
be  trntismittcd  to  ofl'spring.  A  cbihl  )>orn  of  parents  neither  of  whom 
liable  to  sinall-jiox  or  to  syphiliis  as  the  case  may  be,  must  lie  tn 
diQ'ereiu  position,  as  regards  those  diseases,  from  the  ehild  of  iiaren 
both  of  whom  arc  liable.  Now,  it  is  a  matter  of  well-proven  observatii 
that  uny  specitie  disease  will  lie  espt?eially  severe  when  im[>orte<l  into 
community  previously  free  fitnn  it.  The  ravages  of  a!uall|>ox  in  a  virg 
raeo  is  something  far  beyond  what  is  ever  known  in  a  community  loi 
aeciistonied  to  the  disea-se.  There  are  aUo  some  reasons  for  believing  th 
during;  the  Iitst  two  centuries  syphilis  has  bee<imti  a  milder  disease  thi 
it  was  when  it  first  invaded  Europe.  This  amelioratiun  we  may  expla 
by  recourse  to  tfie  hypothesis  above  suggested ;  *  but  in  doing  w»  it  mil 
be  Iwrne  in  mind  that  iraprovtHl  treatment  may  have  had  its  ahare.* 

Lastly,  we  have  to  ask  the  all  imjwrtuut  (juestion,  whdhrr  thf  oni 
en)iHluni  of  ^i/p/iilU  am  fte  alterrd  in  antj  fruy  fty  mfosHrftt  of  treafTt\ 
will  probably  be  ailmitted  that  physicians  have  abandoned  the 
that  it  is  practicable  by  medication  to  regidate  in  any  way  the  course 
the  otlier  exanthems.  They  are  generally  acknowledged  to  l>e  diseaa 
which  always  run  their  course.      No  single  8|>eciiic  in  the  pre«ent  d 

*  lliH  xnbjwl  will  be  foauil  Tory  nbly  tranteil  iu  Mr,  Ijsa't  Ijtfturt*  mk  S^f^iiU  (liMtt 
Xt.  I*.  2(M>).  I  iitiliUHhail  ill  Tht<  Itritin/i  Med%att  Jtrurtud  MtUf  eaii«s  In  wfalcli  pattvi 
wlio  Ii)«!  wilftTwI  from  infmriU^tl  HypliiUs  aabwuuently  contnu-'twl  Tt*ti«n;»l  hor»'*i,  Tbi 
i-flAos  were,  I  tieliflvtv  tlie  first  fAct-*  tv^laliiig  to  ttie  «i|lijecl  wliioli  hiu!  Ur^m  ns-nr<l«-il,  Oiln 
h.vi  flrrivptl  at  the  siiiiiB  cumiliiftioun,  Imt  il  wm  hy  a  /tnnri  nBMiuia^  nlhrr  than 
«Ic«IuL'tiou  from  ob*«rvivtioti*.  J!liilm'<|uviitly  I  [>ulilt»lK-<l  «  vase  hi  which  k  pulit^til  whn  « 
tho  aiibjcct  of  iiilKTitcil  tftint  oot  only  coatrnctod  a  vcacrc&l  sore,  hut  exp(!ripiire<l  an  n< 
bpNik  rif  cou»tituttonitl  ^ylllptolllA.  I  tviMJt\lu<l  •  tinml^er  of  obtonatiout  Uitriiur  on  ti 
«ubject  iu  the  MKUUil  voliunc  of  the  L-uutott  lii>»pilttl  Jirpi>rU. 

*  If  ««  raitect  on  the  iiinle  iu  which  ^yphilitii-  itioraliktiou  is  unttidly  tf ffeottid,  the  wont 
will  !*••,  not  tliAt  itp|jureiit  varieties  lK)th  in  ]iritniiry  aoi  w^on'I.ary  i^y[ui>Ut(iii>  ocour,  t 
th»t  llie  ilisfiLte  is,  n.*.  m  rtilf,  an  iittifrtrni  ils  it  uudmibtttilly  is.  Ilt'ir,  if  niiywhrn-.  tnt  I 
miiiUlidus  uutler  which  ffv  might  cXjivct  a  uuv  ripvcita  tu  oriKiuatt*.  Iu  tlio  tirsi  |i1iht  t 
virus  in  fouHtaotly  niixixi  with  oUht  »«:i-etioii((,  oml  vt-ry  fruiutfiitly  wtth  thfw*  nf  infla 
tufttory  nrigin.  In  a  ^mi  tunny  infttnQCft  the  person  troni  wham  the  voiitn^u  U  rrcctv 
i*  one  who**"  orni  Vjoiiy  ho*  liwn  pR'tiously  remierwl  to  noruo  extent  proof  a^niufii  the  4iw* 
Mogt  pn>vtitute>i  prol>AbIy  -^tytler  frutu  typliiILt  early  in  tife,  aiid  iluriog  the  tfrvAtcr  (Nkrt 
the  perii>l  iluriuK  whi-:h  tliev  continue  their  vo<-nlion  nxv  intapaMt  of  iK-in^f  ttivnudvufAftgi 
iafi;t!t''il  by  tru»  •'Vphilis,  nlthoiiv'h  xtill  liable  tn  coatnict  aii'l  to  tmnsniit  |iriiiuiry  mrra  of 
ujotlifitsl  cltonu-ttT.  Fnrthvr.  not  only  niOKt  we  nuk<-  nllowiuic(>  for  tliHertfitittv  in  th«  kt 
of  »t'fn*tiou  with  which  thi*  inoculalinn  in  vlfccleii,  but  alw  for  ililfiTeuctf*  in  lite  ris'ipivu 
e>tato  u*  rc^TLPiti  It  Ht!Di-«  tho  tlifTfrcnctut  in  the  catJuii>oQit  nsh  which  follow* — I 
roMoU  to  iMoriiuIi  autl  to  mpta. 
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joTvnny  repute  for  cutting  short  the  course  of  these  di8«asei}.     But  we 

u!t  bj"  oo  means  aAsumn  o  ftrinri  that   the  ^me  will  hold  true  as  to 

pliilk    It  is  possihle  tliat  the  stages  of  the  oitier  exanthems  arc  t<io 

I  to  [w.'niiit  of  the  btiuuHciul  itiHutJitce  of  Jthlitlolcs.     Few  questioiiB 

tli(-rH|)tfUtic8   have   beeu   more   hotly   cteliateil   than    the   etfioioncv  of 

aiii  (inij^fi  in  sypliilis.     By  some  their  specitif  iMiwcr  has  l)cen  jKisi- 

rplv  Assertwi,   by  others   as    strenuously  deniett.       When,   in    1^66,   I 

for  Keynoldrt'a  .>y*f/''v/'  of  Mfdi'-iiie  tlie  article  on  Syphilis  U|K»n  which 

present  one  is  based,  I  recoMod  the  opinion  that  it  >va£  not  j)08sible 

[wverit  the  secondary  phenomena   by  mercury.      OiU'ing  ihc  ycjirs 

bi«h  hive  sihcc  elapsed,  however,  grcit   progi'csa  has  been   made,   and 

II  now  justifiable  to  wtite  thai,  if  trejitraent  be  be^ui  early  and  etfi- 

kstillr  cjirried  out,   it  is  |iei*fcctly  possible  to  suppress  syphilis  and   to 

veut  the  occurrence  of  any  of  tlie  humoral  p-oup  of  symptoms.       ]\' 

n*  be  begun  as  soon  as  the  sU'ite  of  the  son'  permits  of  diagnosis, 

coiitimie<i  without    intermission   in   small    but  adfqiiato  doses,    the 

*ui  will  usually  entirely  escape  the  whole  series  of  syiu]itoros  which 

ristitiitc  the   sccondjtry  stage.      He  will   ba^e   neither  fever,  eruption, 

oilifoat,  nor  }>one-|uiins.     A  nnj3t  interesting  and  conclusive  jiroof  that 

disease  is  really  thus  held  under,  as  it  were,  by  the  drug,  is  derived 

n  ihQ  olnervation  tlmt  if  the  latter  bo  left  ofT  prematurely  an  eruption 

niake  its  appearance  about  six  weeks  later.      Such  eruptions  are, 

ever,  always  very   mil«l,  and    yield    at   once   when    the    remedy  is 

niol     It  woidd  appear  that,  in  many  cases,  a  years  ailministration 

the  mmedy,  without  any  intermissions,  is  necessary  to  the  |)ernmneni: 

MMRMsion  of  the  discjise.     For  twenty  years  past  I  have  been  practising 

W*  ttrly  and  continuous   method,  and   am  speak   definitely  as  to  the 

"oiformity  of  the  results.     The  detaiU  of  I  his  treatuitriit  will  come  luider 

^oiuitloratiofi  later ;  for  the  present   I  allude  to  the  subject  chiefly  in 

'.     iWcrio  emphasise  the  truth  that  wo  have  in  meretny  a  drug  which  is 

^Bi^orful    to   suppress   the    phenomena   of    syphilis   aiul    to    change    the 

^BSiV'  of  their  evolution.      It  is  loo  soon  to  make  any  attempt  to  prove 

^Bt  pjitient«  BO  treated  tire  le^s  liable  than  others  to  tertiary  afl'ectioiis, 

^^*  80  far  my  exi»»*nence  has  l>een  that  they  escape  the  class  of  phenomena 

^UpeU  as  •' remimicrs"  (the  intermediate  stage)  and  are  to  all  appear- 

**'ce  cured.     It  may  not  be  out  of  place  to  remind  the  re:Hler  that  un<ler 

"•*    oldei'  surgeons,  who  did  not  attempt  any  diflerential  diagnosis  of 

^**^»»cre8,  vigorous  mercurial  treiitment  was  usually  commenced  at  once, 

^^  mercury  pushed  to  profuse  ptyalism  wjw.  with  many,  the  remedy  for 


forms  of  venereal  sore  at  a  very  early  stage.  It  is  not  improbable 
^t.  in  this  somewhat  haphazard  manner  success  was  not  infrequently 
J**^ini'd  in  suppressing  the  disease  entirely.  There  was,  however,  nnich 
*!**•«  of  ffiilun*  fmiii  the  habit  of  giving  large  doses  and  very  short  com*se3. 
Modes  of  Communication. — While  the  other  exanthems  arc  for  the 
it  (lort  communicable  only  by  direct  contagion  or  infection  to  the 
iniiual  concerned,  syphilis,  iti  consequence  of  its  verj'  protracted 
itiou,  may  be  conveyed  in  any  one  of  four  different  modes.  Firsty 
pOL  ir.— it.  I  *  2  a 
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contagion  direct  to  the  individual ;  Sictrndf  contAgion  indirect  ihroi 
the  fo'iiis  (posail>lL'  only  in  women) ;  fhird^  contagion  from  iv  mother, 
ACfiuires  syphilis  during  her  prognnncy,  to  a  prtvinusly  hcultby  fa 
and,  /flwr/A,  by  H|H3nn-  or  gerni-traiiflraiHsion  at  the  date  of  corieejilioa 

The  jKinod  dnrinp  which  <Jirect  conUigion  is  posfiible  extends 
the  lii'at  appe^irance  uf  tho  chancre  to  the  end  of  the  humoral  or  secon 
Btage.     The  primaiy  aoro  is  perhaps  more  actively  contagious  thai 
any  lesions  which  may  occur  in  the  aocondary  stage,  hut  there 
no  donht   that  under  favourahle    r-onditions   the   disease   may   \*e 
veycd  hy  the  latter.      When  syphilis  is  communicatetl   to  n  inothi 
contamination  from  the  fluids  of  a  f<etu9  with  which  she  is  pivgnan 
coui'se  of  the  disea.3e  is  materially  different  from  what  it  in  when  reo 
by  other  means.     As  a  rule  the  woman  shews  no  symptoms  durin( 
pregnancy,  and  may  appcjir  to  be  in  perfect  health.    This  may  hap| 
ropeatwl  pregnancies,  and  throughout  there  may  l»e  nothing  to  she 
the    miitcTnal    Huids   have   heen    iti  any  way   iMjnUuninate*!.     That  fl 
do,  however,  invariably  receive  some  taint,  is  prove*!  by  the  observ. 
that   such    mothers   never   (with    the  very   rarest   i-xceptions)    c<H 
chancres  from  nursing  thfir  infecte<]   infants  (Colles'   law).     The 
protected.     In  many  cases,  however,  such  mothers  do  su^«e*piently 
from    definite  maladies  more  or   less  closely  resembling  those   o 
tertiiiry  class.* 

if %'H  s!/phili»  IS  tivuj^mitt'-d  from  jMircut  h  offspntuj  various  impo 
peculiarities  are  observed  in  (t«  manifestations.  In  the  first  pbic( 
phenomena  uf  tho  secondary  and  tertiary  stages  may  seem  to 
together :  or  at  any  rale  we  have  a  8uperfici;d  rash  on  the  skin  i 
Ming  a  secondary  one,  cuiufidunt  with  ntxlv-i)  mu  the  bones  and 
deposits  in  the  viscera.  These  cases  are,  hnwover,  exceptional  ;  aa 
the  stage*  occur  tLs  in  the  adult,  the  secondary  rash  disapi>e;u'ing  a; 
few  months,  and  a  prolonged  jH-M'iod  of  health  intervening  l>cfnr 
tertiary  symptoms  shew  themselves.  It  is  |>ossible  when  severe  dl 
of  the  bones  or  viscera,  or  both,  occurs  in  yoimg  infants  simultam 
with  skin  eruptions,  that  we  ought  to  regard  such  lesions  as  being  r 
very  severe  secoiuhiry  phefioniena.  Unless  fatal  they  are  transiiop 
very  dilVerent  from  the  chronic  affections  of  the  (me  tertiary  cloil 
which  the  subjects  of  inherited  taint  are  liable  in  after  years.  Tho 
of  tho  syphilitic  poison  upon  the  onim  is  in  many  instjinces  to  d 
ita  vitality  at  an  early  perio<l,  and  consequently  to  induce  aU 
This,  liowever,  is  far  fn>m  being  it8  constant  effect.  In  the  majoi-itj 
«uch   c<mceptions  the  tainted   ffftus  is  carried   to  its   full   period 

'    I   «iu  nvrnrc  llint  iiiaiijr  cn>4»  lia^e  lje«ii   publUhtil  in  wUich  cuDtdtniuatioa 
ffTtiu  wn«  b^lit  to  i-x}ilaii)  severe   o(tt1>ri>alcN  of  e«cAn<lAr>'  •y|>1iili«.      WUliout  v»iin 
to  «leny  or  evuu  t<*  lioviUt  ^^uch  a  posHiltility,  I  nay  yvt  HUK(tu«t  t)i»i  in  iit«tiy  or  {lossllij 
jUI  ctf  the*e  llu-  (irinmry  son?  htuX  Iwfn  ntrrlnokwl.      An  nrn-tnU  tlic  ihJnl   ino«l«s  we  1|i 
foctt  iti  proof  tlittt  iiy|>biliH  -iO  aci|uin*il  iliOVnt  from   thai  oliUuuwl  liy  a  fwtu.*  at  tliw 
concept ioii.      It   is  ■Icsiialile,  hnwewr,   tltnl   we  tiTiniild   keep  in   niin<\   tl>e  ))o^>ii1>il 
thcrv  mny  bo  a  tlilTenu<.-e.      It  l^  quite  cert^hi  tlint  n  pregnant  womuii  vbo  Ki'fiitirw 
may  and  coinraonly  docn  infvct  her  frttuii,  and  tlmt  the  Infant  Imm  iu  sach  oire 
may  suffu  severely,  and,  1  think,  from  Uie  lUttaJ  traiu  of  nymplonuL 
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ul  inaunces  it  is  thon  hroii^ht  into  the  world  wit!i  manifcfitu- 

of  iuihscufie  already  apparent:  nunc  usiwlly  this  is  not  so,  aiwl  the 

nt,  which  when  :i  few  weeks  M  will  siirtt'f  most  severely,  iippears 

1  first  to  be  porfi-ctly  hualtUy.      In   thirsts   infaiitH   a  \iQn*x]   uf   ii   fort- 

mh  U^  two  niunths  iisiutlly  e)ups08,  and   then  n  rash  u|)|m^ii-8,  and   the 

iBi^tiU  iKtoiue  slop|H<d  by  t^w(•llirlg.     At  ibis  stage  tbe  month  is  nsuiiUy 

t,  \tt  miicoti»  rnemhrune  red  nnrl  tiunid,  anrl  the  gumH  swollen.     The 

'Jist4^  and  a&sume:3  a  shrivelled,  stnilc  Jispeet.     Sometimes  aeute, 

l^rised  iritis  occurs,     Condyhim.is  are  fre<|uently  seen.     The 

exaiithem  may  vary  in  character,  much   as  it  may  dt»  in    the 

Many  childi*en  die  during  this  evolution  of  secondary  eymptoms. 

tliey  sunive.  they  usually  in  tlic  course  of  a  year  get  rid  of  all  traces 

liisase,  exce]»ting  perhaps  an   unusual   pallor  of  skin,  cert^dn   seal's 

hieh  may  Iwve  been  left  on  the  f;iee  liy  the  eruption,  and  an  exjiaiided 

HMil  bridge  caused  by  the  lon^^-eonlinueil  swelling  of  the  piirts  within. 

I  have  said  above  that  the  t<'rti:iry  ami  secondary  stages  Sfirnt'times 
iftpwr  to  Ke  stniugely  mixed  in  the  early  symptoms  presented  by 
ifliliilitic  infants.  Amongst  the  phem>meria  occasionally  met  with 
in  ihtsie  circumstjinces  are  no<1es  of  the  itiiull  and  long  >>ones,  juid 
;.'nmnu.s  of  celluLir  tissue,  of  tendon,  or  of  muscle.  The  liver,  Itidneys, 
Inmiia  ;;bind,  and  other  jKirts,  may  al^o  be  at.tur'ke<l.  Such  children 
corlainly  more  liable  than  others  Ut  .sernu.s  inH.miin.itions  Serous 
hnitis  to  a  slight  extent  is  very  common,  and  ph-uns}'  is  not  an 
rftjiietit  cause  of  death. 

A  i-onditioti  of  serae  amnnia  often  i-esults  during  the  ontbre;ik  of  eiuiy 

fitnms  in  a  syphilitic  infant,  and  from  this  death  often  rcsuhs.     In 

ny  cases,  howevei'.  the  child  Joes  not  emaciate,  but  retains  an  apjiear- 

*  of  giKul   health  which  is  reumrkaiile  considtMing   the   nature  of  tlie 

vx.      I    have   often   seen  inftmts  who  were  well  grown,  slfuit  and 

in    an    unusual    degree,   who   yet    presented    well  -  characterised 

f«b*:stiun8  of  inherited  taint, 

n  the  child  as  in  the  adult  the  secondary  symptoms  pass  away  in 

"stimu,  and  a  periixl  of  health  or  latency  ensues,  of   variable  dumtion  ; 

*«*T  which   the  later  phenomena  shew  themselves.      These  arc  in  [mrt 

''  'If  same  character  a.s  those  in   the  a<lult,  but  with  the  addition  of 

I    others    which    are    not   often    met   with    in    connexion  with  the 

,  ! ';il  disease.    There  are  few  more  remarkable  puint^  in  the  history  of 

B  most  interesting  malady  than  that  the  disease  known  as  interstitial 

"yphihtic  keratitis  almost  never  occurs  as  a  conaetpience  uf  ;u'({uired 

Me;  whilst  it  is  common   in   the  inheritid   fni"m.      I   must  also  note 

ft  rcTnark-iljle  exception  to  what  has  Ix'en  st-itcd  U)  be  the  character- 

of  tertiary  symptoms  in   the  adult,  that  they  are  but  exceptionally 

metrical.      It  is  H  curiously  difficult  ipiestion   to  determine  whether 

Iftte  phenomena  of  inherited   disease  should  nmk   as   secondary   or 

Although  it  may  seem  almost  absnrfl  to  claim  inflammations  as 

which  may  occur  twenty  or  thirty  years  after  birth,  yet  there 

n  facts  which  strongly  suggesi  that  this  wotdd   be  the  most 
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correct  method  of  arranging  them.  AVhat  we  have  hitherto  counted 
tho  tortiai*y  Kvmptom^  in  the  inherited  disease  are  verj*  ditt'erent  ft 
thosu  of  tlic  acquired  form.  Tht;v  are  all  almost  invariAhly  fiyniimlrf 
and  they  are  all  subject  to  the  law  of  spt»nta(iei"Ur%  decline.  The 
ftisUng  and  i»^|;reHsive  forms  of  lociii  distJifte.  so  common  in  the  lute  Hi 
of  the  acquired  disease,  are  almost  unknown  in  tho  suhjcct*  of  inhei 
taint.  Lupoid  ufi'eotitnis  of  the  skin  are  the  commonest  form  of  tort 
aciiuirod  di-suase ;  they  are  almost  never  seen  in  that  which  is  inhcri 
When  keratitis  of  the  interstitial  form  occurs  in  the  subjects  of  acqii 
disease  (very  rare),  it  is  jdways  amongst  the  secondary  phenomena :  in 
inhoriterl  disease  it  may  occur  very  late,  i:  is  almost  aJwuys  synm)etri 
and  ftlwiiys  tmn*>itory.  It  is  invariably  omitted  from  the  phenomen 
the  secondary  stiige.  \o  case,  so  far  as  I  know,  is  on  record  of  ir 
stitial  keratitin  in  an  infant.  The  same  is  true  of  otiti.s  which  ocvM 
idly  l&'ids  to  symmetrical  deafness  in  subjects  of  acquired  diae3ut% 
very  often  in  those  who  inherit  it.  We  have  been  so  much  in  the  li 
:>f  ix'gaiiling  persistent  noiles  as  tertiary,  that  it  is  ditticult  lo  thin 
them  in  any  other  sense;  yet,  undoubtedly,  in  the  acipiii'ed  disea 
genend  tendency  to  slight  ]>eriostitis,  Ui^ually  symmetricjil.  is 
observed  in  tlie  secondary  stjige  j  and  now  and  then  large  swellings 
produced.  These  {>ass  away,  and  after,  it  may  l>e,  a  long  series  of  y\ 
we  encoimtcr  the  tertiary  nodes  which  are  asymmetrical,  and  whn 
persist  unte.Hs  cured  by  troatrntrit.  Now  in  hereditary  syphilis,  althuii^ 
the  osseous  sysit'm  often  suffers  severely,  we  rarely  see  anything  reset 
bling  tho  tertiary  kind  of  noile.  The  tendency  to  [►ei-io«tius  i»  td 
transitory,  and  it  does  not  recur  in  adult  life.  It  ceases,  too.  irres{MN 
of  treatment.  The  gummas  of  the  ton.uue  which  arc  so  commoi 
acquired  syphilis  are  scarcely  ever  seen  in  the  inherited  form.  It 
indeed,  Ih-  asserted  that  there  is  very  little  to  crnitradiet  the  view  tfal 
inherituil  tjiinl  the  secondary  phenomena  may  be  sprcjid  over  many  s 
and  that  we  have  but  little  evidence  of  tertiary  ones,  pandlel  with 
seen  in  the  acquired  disease.  The  expl-.inalion  of  this  latter  fact  is  |iei 
to  be  sought  in  the  more  rapid  and  complete  metabolism  of  \ 
during  youth  and  adolescence,  by  which  the  s^-slem  is  more  thoroa 
purged  of  all  morbid  nmtvrial.  \\  is  not,  however,  to  Ik)  doubted  th 
exceptional  cases  any  and  all  of  the  tertiary  phenomena  which  may  ( 
in  the  acipn'red  disease,  may  l>e  met  with  also  when  it  is  the  re*u 
inheritance.  All  that  is  asserted  \^  th.it  they  are  companitively 
infrequent.  In  conne.vion  with  inherited  taint  we  may  see  in  tho 
cases  of  chronic  bone  disea-w,  of  gumma.s,  or  of  the  degenenitive  than 
the  nervous  centres  leadini<  to  general  paralysi.'*  or  tabes,  but  they  i 
rare  as  are  examples  of  interstitial  keratitis  in  the  acquiivd  form. 

t'otuln^Hutiif   tin  to  iht  tiuHyinijisiou  of  tHhriHt^   Uiint.     The   foHi 
appear  to  me  to  be  well  esfablisho<l : — 

1st,  A   child   may   inherit  syphilis   in  a  severe  form  from  btrti 
parent — from  its  fatlier  alone,  or  from  its  mother  alone. 

2nd,  AVhcn  both  parents  are  the  subjects  of  ayphiKs  a  child  is  ] 
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cniAtn  [0  Mifler,  luid  is  |jerhai>s  more  likely  lo  suffer  Roveroly,  than  when 

IKiIt  out*  is  illft'CUMl. 

3rtl,  \\'o  have  as  yet  no  dnta  on  M'lnch  U\  l):ue  uii  o|}inJoii  whether 
\  diilii  15  more  likely  to  suffer  severely  when  its  father  is  the  source  of 
conUmitMUon  than  when  it  denves  the  dis^ise  front  iUs  mother ;  or  the 
wrCTw. 

Ilh,  In  a  hir^e  {)ro]K>rtion  of   the  coaes   met  with   iti  practice,  t)ic 
(is derived  from  the  father  only. 

connexion  wiili  the  hereditary  tran&niission  of  ayfihilis.  an  ex- 
ly  important  question  arises,  ichrther  <tntj  ih(frH  of  Uiint  ix  trans- 
i»Mf  ttt  the  third  gtvn\Uion.  There  is  no  doubt  that  persons  of 
rria^ahlc  age  often  present  heredito-syphilitic  lesions  in  an  active 
itAj^.  such  ati  keratitis  und  nodes.  I  have  repeatedly  seen  |)acients  of 
'^.  from  tweiiiy  to  eij:ht-;vnd- twenty,  lieeome  tht*  stihjeets  tif 
kt-raTitis  for  the  first  time.  We  might  conjceture  that  sncli 
IH'remus  would  l<e  likely  to  transmit  to  their  offspring  some  degi'ee  of 
tiuni,  seeing  that  the  taint  is  still  in  activity  in  their  own  hrHliea.  I  am 
mt  Jivare  tliat  any  facts  have  as  yet  been  published  on  this  subject 
CwijtTturee  aNiund.  and  several  surgeons  have  expressed  their  belief  that 
ihr  iiilluence  of  hVphilis  unce  actpiired  is  felt  throU|;h  seveml  subsequrnt 
,'  '  riitions.  Ahfjut  ('i<;hl  cas«s  have  come  nnd»'r  my  own  observ^ation  in 
"' i  li  |tL'r»ons,  undoubtedly  the  subjects  of  inherited  disease,  have  Wcome 
|«rCT)U.  With  f)no  tloubtful  exception,  1  have  never  bren  able  lo  din- 
wvo*  any  evidence  of  disease  in  the  offsprinj<.  In  several  instances  the 
i8«priiig  have  api>eared  to  be  in  evcellent  health.  I  have  alw.iys  mjule  a 
nntiif  seeing  the  children  for  myself,  never  relying  ujkjm  the  jwrents* 
(fment — a  precaution  which  is  essential. 

<^uite  recently  a  very  instructive  case  has  Iwen  under  investigation  at 
111*  Polyclinic.  A  woman  Iwaring  unrjuestionable  evidences  of  inherit- 
'Ow.  itrought  an  inlant  which  .shewed  equally  uiu^nestionable  symptoms. 
^T  some  time  all  history  of  aec|uisition  was  denied,  but  at  the  laat 
""JOii'tit  it  came  out  that  the  woninri  had,  since  her  mannaj^e,  been 
tiiHJ^p  ht^pital  treattiient  for  sores  on  the  genitnls  supposed  to  have 
'*en  tonimunicated  l>y  her  hus>>and.  The  child's  inheritance 
"^  therefore,  probably  paternal  or  from  recent  disesise  in  both 
l*rcuis. 

Ii  is  ver)*  important  lo  realise  that  dmiitff  the  !wc<mdary  or  felrih 
I  of  if/jiftilit  ccrtT/  lis.tHf  in  the  '/"*/(/  U  more  vr  //***  aflert/tl  by  the  ]K)ison. 
tliuiigh  wo  are  accustomed  to  speak  of  sore  throat,  eruption,  iritis,  and 
f'trih,  as  the  secondary  symptoms,  yet  in  naming  them  we   instance 
y  tl>oeso  which  art*  most  conspicuous,  and  by  no  means  all.     Although 
a  majority  of  instances  from  first  to  last  there  may  not  be  any  indi- 
ion»  whatever  of  genenil   tissue-implication,  yet  we  must  accept  it  as 
vvu  that  Buch  is  the  case.     The  accidents  which   have  happened   in 
>hiJitic  vaccination,  as   well    as    many   other   occtirrences,   shew  that 
^'fi  this  stage  of  the  disease  the  most  minute  ipiantities  of  the  patient's 
or  of  the  eerura  secreted  by  an  abrasion,  may  prove  fully  contagious 
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uitd  produce  the  complete  disease  in  another  person.  Uow  won  thii 
virfil  activity  of  the  \  irus  in  the  Mood  usually  cen.^es,  x\\\\\  how  long  ii  is 
|)o»sil>le  for  it  to  l;ist,  are  veiy  im|M)rtnnt  questions  to  whirli  ns  yet  mi 
dcHnito  iinswors  can  l)c  given.  That  it  di>es  not  last  iudefinit^-ly,  uid 
that  in  a  large  majority  of  caAi^  it  ceiiscD  within  a  companilively  Bbiirt 
period,  sa}'  within  a  yejir  or  eighteen  iiionth»,  ia  made  probable  by  a  Ul^ge 
body  of  circnmstiintial  evidence.  Syphilis  in  married  life  would  K<' Ur 
more  oommon  than  it  is  if  this  were  not  the  fart.  Thmutands  of  mw 
inarrv  at  or  aUont  the  end  of  two  yejus  after  primary  syphilis,  and  mutiv 
at  much  shorter  perioils ;  yet  the  instances  of  communication  of  iho 
disejue  to  their  wives  and  childr-en  are  hut  infrequent.  On  the  olbn 
hand,  if  marriage  take  place  within  a  year  of  the  primary  disomy,  it  i> 
perhaps  exceptional  for  the  children  to  escape,  and  l^y  no  mwUH  unromnwn 
for  the  wife  to  acquire  a  chanci'e.  What  I  have  named  for  cunvrtiicdrt 
the  "  n/fa--timm'Uie  chanar,''  is  a  lemi>orary  abrasion  occiirnng  u«  lh( 
result  of  frequent  inteiTourse  irame<liately  after  marriage  on  the  |M»ni8  ol 
a  man  w\w  \y.is  formerly  had  uyphilis.  Of  the^  I  have  seen  aevert 
remarkable  examples  with  their  results  of  chancre  and  soooDdftrrsyphifet 
the  newly-married  wife.  It  seems  to  be  possible  that  such  sorHS  may  b 
proiluce^l  nl  a  [letioil  xs  Ion|^  as  two  years  after  the  primary  disease,  aT 
in  cjise.s  in  which  the  man  has  loni^  appcare<l  to  l»e  quite  free  fro 
symptoms.  Fortunately  they  are  extremely  infrequent,  and  I  may  kI* 
tliat,  although  I  have  for  many  yejirs  Wen  accustomni  to  allow  niarriaj 
after  the  expiration  of  two  full  years.  I  have  never  in  any  single  instnn 
seen  ill  result*  in  cjtses  in  which  I  h.ul  iwrmitted  it.  For  my  prcse 
purpfwie,  however,  they  suttini  i\»  piti^f  that  the  virus  of  syphilis  may  Ii 
on  in  the  [>atient's  blood  during  the  long  pcn(j<i  mentioned  ;  and  this,  t*: 
in  some  iiisUiuccs,  in  spite  of  luurh  treatment  by  mercury.  Their  rnril 
I  repeat,  may  also  bu  penniued  to  demonstrate  the  convei'Sc  prujms'itii 
thiit  in  a  very  large  mnjority  of  cases  the  virus  does  not  so  survive.  V 
may  hope  that  important  evidence  on  this  point  will  result  from  ^tu 
dinn's  tiis^-oveiy  of  the  Sj/iii/rhtthi  jtnllith. 

What  has  just  been  asserted  as  regards  the  general  diffui^ion  ni 
possible  persist**rice  of  the  viiijs  in  the  bloixl  nnist  be  atbiiittcd  alsu  vl* 
possibility  in  reference  to  all  the  visceni  and  all  the  tissues  of  tht-  bol 
INitting  tkside  as  untjuestioned  the  affections  of  the  skin  and  muco 
membranes,  it  may  be  well  to  say  a  few  words  respecting  the  nervo 
syiteni  and  its  ap|)endages,  the  arterial  system,  and  the  bones.  ^ 

Xt!rr/tux  S'vf.7*7H. -—Founder  has  taught  lis  tliat  in  some  ca«es  iJM 
secondary  stagi'  nf  syphilis  the  patient  experiences  a  general  loss  of  sen 
bility  to  fuiin  in  the  skin.  This  curious  condition  he  met  with  chiefly 
young  women  wlio  were  much  re<luced  in  health.  This  class  of  paliei 
has  not  been  nnich  under  my  own  observation,  and  I  am  not  able  from  n 
own  experience  to  say  much  in  cormbnration  of  the  statements  of  t\ 
distinguished  observer.  That  symptoms  of  nervuus  distnrUtnce,  s/mietim 
locjil  and  sometimes  general,  do.  however,  occur  in  the  secondary  period 
syphilis,  there  can  be  no  doubt.     I  have  seen  and  recorded  a  few  instano 


nhirba  statu  of  general  pamlysiw  involving  lirah  nmtion  anil  senRalion 
iirreil,  nnt\  the  p;iuem  was  appfirently  saved  fmm  inij^ndirig  dcjith 
ik  III  the  very  pninipt  use  of  mercury.  In  unotber  very  iruporUmt 
the  Bpimil  coni  appojii-s  to  Ito  the  sent  of  myclitU  in  its 
only  ;  auti  a  tL'nip«)rttry  condiiion  of  pjimplci^u,  which  inny 
iiTiTKwt  aliHoliite  JLH  rcgaitU  l»uth  sonsatioii  :ind  motion,  and  which 
livnlves  the  »phinctei>,  may  hv.  etitjihlirfhed.  In  some  of  thcsp  cows  tho 
Ijijier  extremities  nre  moie  or  less  involved  also,  hnt  usually  they  caca|>c. 
Thf  jumpiegia  in  generally  synmietncjil,  though  not  always.  A  very 
iiurkablo  corroboration  of  the  diagnosis  which  traces  this  alTeetitui  to 
.  InnpfH-un'  inflamniHtion  of  the  secondary  lyjie  is  obudned  from  the 
iiions  that  it  is  usuully  cumMe  hy  vigorous  treatment,  aini  that 
MWcBre<l  it  shews  no  tendency  to  relapse.  In  these  fcature.i  it  corrc- 
ipondftwitl)  what  we  know  of  the  otitis,  iritis,  and  other  ajrectious  of  the 
wijwy  stage,  which  are  jirolwiUly  its  anahtgiu's.  It  may  Itu  noted  also 
bi  It  rlitfcrs  widely  from  the  tertiary  affections  of  the  nervous  system. 
Itch  are  usnally  aggressivy,  and  which  tend  to  relajwo  after  ap|Mirent 
Vv.  IntlaiumatitdiH  of  the  si'iise-cJipsulcH — the  eye  jind  the  ear — 
hhon^i  cxteplional.  are  not  very  rare  in  the  coiu-se  of  secondary 
rptilifl.  They  are  UMtally  acute  anti  tninsitory,  but  unless  vtry  promptly 
ited  may  result  in  mncli  damage  to  the  (Ugan.  Atleclions  of  single 
as  denote*!  either  by  paresis  or  by  very  severe  pain,  may  occur 
almmt  any  region  during  secondary  syphilis,  but  they  are  rare. 
*rb«  tlie  tfss^mx  st/fitf^m  is  implicated  <liiring  the  secondary  stage,  is 
en  pnived  by  the  prcs<-ncc  of  what  aix?  callefl  "osteocopic  pains"  or 
ilitic  rheumatism. '  Thcte  fwiins  are  n(»t  very  infrequently  nccom- 
»i«l  \\y  local  periosinal  swollings  of  the  most  definite  chameter,  but 
I^rti)^  Iron'  our  onlinary  conception  of  a  notie  in  that  they  are  ver)' 
tntuitoi-y,  never  tend  to  stippurate,  and  leave  no  |»erceptiblo  thickening 
jind  them.  They  ai-e  sufficient,  however,  to  pn>ve  that  ])«riostitift 
occur  rluring  the  secondary  stage. 

If  wv  turn  to  the  (nifvi'tl  ■n/strm  we   find  facts  tif  the  utmost  inqtort- 

*"<*.  although  j*omewhat  ditlicidt  of  interpretjitio!i.      It  Jipjwara  proUible 

•'lat  ill  many  if  not  in   most  cji«es  of  syphilis  the  whole  arterial  system 

^ers>  niure  or  less  during  the  earlier  stages,  and  that  cerUiin  changes 

|>liM:c  in  the  arterial  coals,  more  especially  in  the  intiniii,  from  which 

jovery   may    never    bo    absolutely  complete.     The    arteries  may 

through  life  liable  to  take  on  other  fonus  of  disease,  under  the 

I'lence,  it  may  be,  of  loiyil  exciting  cau.sejf  ;  hence  aneurysms,  thrombosis, 

iwtcritirt  oblilenins,  and  thoir  results  in  hemiplegia  and  oth<*r  forms  of 

Ivsis.     It  would  appear  prol«d>Ie  thai  at  various  stages  of  syphilis  it 

'|x*»ihl('  for  ft  .single  arterial   trunk    to    become  involved  in  changes 

idi  pnMluce  a  consideralile  nairowing  of  its  calibre  and  a  eorreHjHinding 

'uiniion  of  the  supply  of  blood  to  its  territory.      In  interpreting  some 

Ulie  |ibenomena  of  nervous  disturbance,  it  is  often  extremely  dirticult 

*»y  whether   they   are   primary  to  the    nerve  strncliires   themselves 

Ofily  scconiiary   iti   cnnsequeuce  of  arterio-capillary  disease.      There 
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yet  r«mniii8  much   for  the  patltologic:il  oimtoimst  to  elucidate  ta 

matttM-J 

Tertiary  Symptoms  or  Sequels.^I   have  endeavoured  to  di 

fairly  strong  line  of  iii^tinctidn  Uetween  aecondiuy  uiid  tertiary 
fustatioiis.  The  Hticondary  phenomena  conrttitiile  :l  sU^e ;  they  conti 
at  II  CL»nuiri  known  pt-riod  :  they  are  in  thtir  nature  rmnsitory,  and  di 
appi?ar  siKtntaut'uiisly  ;  they  atfeut  the  twu  halves  of  the  hfjdy  at  the  4k 
time,  proving'  that  they  dejHUid  U|Mjn  hl<XHl-pni»oning ;  when  once  pal 
they  rarely  return.  The  tertiary  syraptonw  are  not  so  prftjjerly  %  stiigt 
i>iib  nni^t  count  nither  att  the  BeqvieU,  more  or  loss  accidental,  of^ 
preceding  stages.  They  are  as  a  rule  not  syminotricnl,  a  fact  ivfl 
makes  it  seuni  impi*o^>a1»le  that  they  du|>end  upon  blooil  taint ;  they  bav 
no  tendency — hut  quite  the  revei-rte— to  apiintaiieous  cure.  They 
ov«r  and  over  again  after  remedial  treatment.  The  period  irhich  ii 
venes  before  their  outbreak  is  of  very  different  length  iu  different 
aufl  in  miuiy  they  never  occur  at  fUl.  From  these  confiideratioi 
infer  that  they  are  due  rather  U\  the  altered  constitution  of  tlie  atfifll 
8tru''tures  than  to  wny  free  virus  still  circulating  in  the  blood. 

We  may  brietly  enumerate  the  principal  tertiary  symptoms  aa  ll 
occur  in  relation    to    special   organs   nr  stnicturea.     Tertiary  aflectjo 
of    /A*'    si:\n   untl   mucous   mc/nhvinrs    diftVr    in    u   most    markctl    mann 
from   those  which  occur  in   the   Becon<lary  stage.      With  the  exct 
of  prdniar  psoriasis,  and   a   few  others^  they   usually  result    iu 
t-ion  of  gioatjjr  or  less  de])tb,  and  consetpuMitly  leave  cicHtricofi. 
fretpiently  the  patch  as.«ume3  a  erescentic  foini.  i^preading  at  its  eilj 
heating  in  it8  centre, — the  well-known  "horse-shoe"  or  serpiginoue  nl^ 
If  the  tiisen.'ie  begin  in  the  middle  line  it  may  spread  equally  on 
two  sides,  and  may  thus  a]i[>ejir  to   l>e  symmetri<tal ;  but  it  is  deci< 
aniisiuil  for  syraraetrically  placed  patches  to  appear  on  the  opposite 
or  on  corresponding  pii-ts  of  the  trunk.     In  many  ca8<»  the  ekin 
Vftded  secondarily  to  the  subcutJincous  cellular  tissue,  the  disease  hai 
begun  as  a  gummatous  tumour  or  notlo  of  the  cellular  tissue.     A  form 
lupiLS  attended  by  rapidly  spreading  phagedjenic  ulceration  occiisionn 
occurs  in  tertiary  ay  phi  1 18 ;  >mt  there  h  p»m\  leason  for  Wlieving 
the  common  forms  of  lupus,  whether  exedeus  or  non-exedens,   hai 
oonutfxion  whatever  with  syphilitic  taint.     The  appendages  of  the 
the  nails  and    hair,  which  are   frctjuently  atfecterl   during   the  secoi 
stage,  but  rarely  suffer  at  later  periods. 

The  nmat  frei|Uenl  afTection   of   the    mucous    membranes  whi< 

encounter  in  connexion  with   tertiary  syphilis   is   a   mpiiUy  spt 

'  Wf  nn  iniItf>jU!«l  to  Dr.  Bmlowo  for  snmi-  of  llic  enrlir^t  and  niwl  tmrtwc 
VMtigKiiotiB  in  referenoe  in  titr  dlfteoAv  ol'  thr  nrtvrivK  in  syphilis.      Iti  G^rmnny  A. 
WW  one  of  Ibe  pioneers.      Dr.  Georgv  Olivur,  iu  tb«  fourw  of  hi*  r«»«arcbe<  ou 
pTBMiire  and  variatinns  in  ihv  c-Ali1>re  of  nrterieA  In  •iilfMrrnt  |>(Mitiou^  oaiL«  ui*ou  i1 
TMDnrknlile  oWrviition.  tlmi  in  Ihr  subjtcts  of  Nypliilif  (in  hII  Ptagw)  the  ra-Iiat  •r(i 
tinntw  aiiifonii  in  tiZK  in  thv  rn-t^^  uml  rmimbcnt  po-starcK.     ThU  he   fnnnd  w>  t-nnstai 
the  ca.«e  that  it  wat  inipoiciilile  to  attrilmle  it  to  local  or  exc«)ttii>u&l  •liwucc.      Ilv  Hc||i 
tbiit  it  imlioat«ii  somt'  cIiau;^  in  tlie  .irterial  coat't  of  sncli  n  nnturr  iii  to  elml»t  rw" 
by  the  linger,  which  cripples  thr  p}iy«io)ogirnl  play  of  \hv  tnVw. 
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Wniion  of  the  pAlat«  and  pharynx.     This,  ngain,  is  totally  difibrcnt 

lu  the  ihroat  afiections  wliich  otTUi-  in  the  earlier  stages.     Instead  of 

t  ti.'ial  and  naiirVed  chieHy  l>y  swelling  and  inflammatory  dcjiosit, 

I  .     ■  Hsefl  Iiy  deep  ulceration  and  loss  of  tissue.      Instead  of  sliew- 

itiL'  lUflt  symmetrically   on   thn   twu  nidus,  it  ctimmenoes  at  one,  two,  or 

aiurc  [Kii])t«.  and  spreads  <|uite  irregulurly.     Tho    ecars    left    hy  these 

p  nicerations  not  infre«inontly  narrow  the  pharynx  and  occasion  diffi- 

Ittilir  in  deglutition.     In  a  few  rases  the  ulceration  may  extend  down  the 

Jli»iij)liiij.nw,  and   in   many  rhe  larynx  is  invohed.      Kvei-y  now  and  then 

;'»r  wv  r.t<t">  of  teriiary  f<y[ihilitic  ulceration  of  the  nuitotif*  uienilintne  of 

m'tuiii,  and  apiiii  we  must    note   that   it  i^  uloe^alion,  and  ihat  it  is 

Mitteiuied  by  the  development  of  the  eondylomaA  or  nnicous  patcbeft 

mdarv  syphilis.     .Stricture  of    the    n-ctum    is  niTich  to  be  feare<l 

these   ulcerations    heal.     Several    authors    hitvc    described   cases 

ing  dysenlr'r>*  in  all  their  symptoms,  but  occurring  in  syphilitic 

uul    cured     by    antisypbilitic     reme<lies.       Sir    .lames    Paget 

i»d  a  case  of  this  kind,  and  I   have  myself  seen  some  very  well- 

dutIcmI  oxamples.     It  h  proliablo  that  in  btich  cases  ulceration  of  the 

BOcoiB  membrane  is  present  at  a  conniilerahle  di^»tarice  above  the  amis.      I 

h»TBiecnstivemI  cases  in  which  it  extended  above  the  reach  of  the  finger. 

Tkt  ftUnJirr  fi.<.ftir  is  frequently  involved  in  common  with  muscle,  with 

iwioit^um,  or  wjtii  fascia.      In  not  a  few   cjises,  however,  we  meet  with 

*)Mt  Nn*  mlletl  ceUular  nodes,  in  which   the  disease  begins  and  is,  up  to 

111  pt^rioil,  confined  to  the  areolar  tissue.     These  may  occur  in  any 

f  the  btnly,  but  are   much   more   usmdly  met   with    in   the   lower 

''^trwmitie«  than  in  any  other  part.     Thoj  are  ver}*  common  near  tn  the 

«'»'»',  and  esjiecially  so  in  women. 

In  the  early  stage  of  a  cellular  ikkIo  we  find  u  smalt  lump  of  indiira- 

*i'*u  tthich   is  often   exceedingly  tender.      At   first   it  is  tinn.  bnt  as  it 

^tt^nds  it  becomes  doughy  and  softer.     When  of  considerable  size  there 

'rp()nently  a  very  deceptive  sense  uf  Hucluatiou   in  it.     'I  he  overly inu 

hecoiiies  adherent  and  of  a  dnsky  rod  colour.     At  length  idceralion 

plncCf  and  a  large  core  is  exposed,  consisting  of  sodden  anrl  infil- 

d   tissues,  much    resembling    soakeil    wash-leather    in    appeamiicc. 

ss  tiperiHc  remedies  be  used,  this  i^oro  is  vcrj'  slow  in  separating,  and 

tdcenition  of  the  skin  over  it  niav  sprend  widely. 

tVIIular  nod>'s  are  not  infrequently  nutitij)le,  but  more  usually  single. 
€  fiatient  fretjucntly  has  scai-s  of  former  ones  on  the  op|)ositc  limb,  bnt  it 
IJ^^cepttonaJ  to  find  them  simull;ineous1y  present  on  corresp4»nding  |iarts. 
^^P  A  jieri'Nl  x'arvirrg  from  four  to  ten  or  fifteen  years  has  usuully  elapsed 
l^ftwven  ihft  occurrence  of  ]>rimary  contagion  and  the  development  of 
^^llulttr  niMjeii  In  close  connexion  with  syphilitic  itdlammatinn  of  the 
^©Uulir  tissue  we  must  mention  that  of  >'uiint(4nirnus  httrso:  It  is  not  at 
*B  iinrorimKtn  for  a  Imrsa  to  suffer  in  connexion  with  the  disease  of  the 
"Jarottnd  it.  and  sometimes  there  appears  to  be  clear  evidence  that 
disease  began  in  the  bursa  itself.  The  bursa  in  front  of  the  piitclla 
^*'  one  most  frefiueiiily  involved 
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The.  juittts   themselves   may    be   occAsiocuilty   impUcatecl    in   lemiry 
syphilis.     Tsuiilly    they    art'    iiivDived    secomliirily,   in    coiinojdon  »iiii 
poriastitis   of    the   bones   which   form   them.     In   the   secondary  pernl 
rhcumutoi<l  jmins  in  joints  ure  connnun,  and   in  inherited  syphiliiMu 
metrical  effusian  into  the  knee-joints  dften  coincides  with   the  kcnititii 
in  such  circnmstunces  the  joint  affection  is  nlways  transicon.%  und  it  nm 
be  [ilutisilily  suspected  thiit  it   h  the   restdt  of  (Urect   hnniond  inff<rti*in 
from  the   inHamod  corneal   tinaiie.     Chronic  atl'ections  of  joints  in  iJu 
tertinry  stage  of  syphilis,  and  in  connexion  solely  with  it,  aro  exceedinglr 
rare. 

lujlamnuitwns  of  the  jtrrimt^'.um  and  hmt's  have  long  occnpied  the  tiw»i 
prominent  place  amongst  the  tertiary  8ympt<:»m.s  of  syphilis,  and  they  «« 
Btill  amongst  the  mnal  eonnnori.  in  enumenuing  the  sympttmi:^  whidi 
chanicterise  the  soeomJiiry  stage  we  have  mentioned  pains  in  the  l)oin», 
occasionally  atU^ided  by  sliijlit  and  temiKirary  swelling.  Thi*  kind  of 
periostitis,  however,  never  Ifists  lonj;,  and,  so  far  as  my  own  ol»9erv;ition 
goes,  never  leads  t«  suppuration.  Tertiary  nodes  seldom  occur  until  »t 
least  two  years  have  pa^sc<l  since  the  first  contaj^on,  and  generally  tbt 
interval  is  much  longer.  They  may  alTeet  almost  any  jiart  of  the  osuotu 
systoni ;  but  the  hones  which  are  suj>crficiul,  and  therefore  mof^t  oxpnstd 
to  ext-ernal  influences,  are  those  ntost  fi'e<|Uenlly  attJickwl ;  for  ex-irafJ''. 
the  skull,  the  tibia,  and  the  clancle.  The  Itoncs  of  the  ]Mtato,  llt*^ 
alveolar  procc«.s*»s  of  the  maxillftj*,  the  vomer,  and  other  W>ncs  in  ilip 
nanal  passages,  are  very  fre<iuently  atlbcted  ;  and  when  such  is  th«*  iav 
exfoliation  of  jwrtions  usually  oncui*8. 

Syphilitic  periostitis  may  vary  considerably  in  its  degree  of  seviTii; 
anil  in  its  tentlencies.  In  some  c-ases  there  is  but  little  acute  inltammntioi 
and  ihi*  result  is  a  *;real  thickerdng  of  the  bone  affected,  without  ih 
occurrenoo  of  suppuration.  This  fretjuently  occurs  in  the  botips  of  t^ 
skull  — tho  whole  cal  varia  acquiring  greatly  increa-ied  thickness  and  densit; 
It  is  also  not  uncommon  on  the  surface  of  the  tibia  am)  other  long  l»une 
constituting  what  is  known  a**  the  osseous  noile.  fn  other  ca&**s  soiteuw 
occurs,  and  in  those  very  frequently  Urge  portions  of  celhdar  tisst 
be(;ome  iuvolv**tl,  and  wo  have  a  sw»iliing  con«istitig  in  jKtrt  of  a  jK'riofitOi 
nbscc&s  and  in  part  of  a  cellular  node.  When  the  bone  is  exposed  b 
ulcenition,  exfoliation  of  portions  often  results. 

When  tho  Iwncsof  tlie  skull  are  attacked  by  syphilitic  periostitis,  it 
very  pos.silile  that  inHammation  may  occur  intcnmlly  as  well  as  supe 
ficiully,  and  that  we  m:iy  have  symptoms  referable  either  to  irritation  < 
the  cerebml  coverings  or  to  compression  coiiHcqueut  U|)on  intnu'rauii 
abscess.  In  association  with  nodes  on  the  skull  various  symptoms  r 
ment'al  diHturluuice  may  sh^'w  themselves  :  extreme  irritability  nf  terape 
liahiliiy  to  (its  of  uncontrolluhle  (lassinn,  melancholia,  and  even  iicui 
mania  may  occur.  These  symptoms  of  mental  distitrbunce  may  or  mn 
not  be  awjociatfd  with  those  of  local  jjiindysis.  They  not  infre<|tientl 
result  iti  attempts  at  suicide.  Tho  proof  that  thoy  really  are  depondei 
on  syphilitic  losioiis  is  afibrded  by  the  ease  and  rapidity  mth  which  the 
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•n  Tvlieved  by  the  iodido  of  pota&sinni.  Periosteal  nodeii  jirc  noi  very 
h«|Q9nt  oil  ihtL'  short.  JK>ne8  ;  \ie  nnwt,  however,  l)e  pif.p;ire<I  to  rodiuTiiHe 
ibeta  occaJtioriAllr.  The  [iiiU>Ua  iirid  the  <»s  caU'is  are  sumctiinej^  iifl'cct-ed, 
unl  rmir  and  then  ihe  other  lioues  of  the  tni-siis  or  ciir|)ii8. 

lum\j€i  nj  thr  jtiustuiltir  sttidrut  *k:cui-  chiefly  Hinongftt  ihe  nmre  l*6mole 
sB}aflfi  of  syphilis,  uiid  they  Hi*e  by  no  mouiis  frequent.  They  iisiuilly 
Mkibt  the  form  of  nod<.v=*,  or  ^tnimas,  in  the  siiKsmiico  of  tKniie  single 
jwack  The  iiHlunition  is  usundy  very  oonsidernble,  nnd  in  ntany 
abruptly  limiteil  The  <Jiu;Lrnosis  from  malignant  growths  is 
rerv  ditticiilt,  and  many  inifiwkcs  leading  to  nnneeessurv  opt'nitions 
ud  tosiipptmed  permanent  cures  of  cancer  have  occurred.  The  mU8t*ulav 
mbstwicc  of  the  tongite  is  the  structnre  most  freriuently  attacked  by  this 
(oraof  gummatous  p-owth,  but  it  has  heen  met  with  in  ulniost  all  the 
naidfiB  of  the  Ixxiy.  The  Ktenn>mastoi<l,  t!ie  nm&seter,  (ho  supiii  and 
ItfrMpinatiis,  the  giistrocnemius,  and  the  rectus  femoris  may  liC  otpecially 
le'l.  Some  forms  of  Hyphilitic  induratioMK  of  the  tongue  are  in  all 
stipes  exceedingly  ditficuU  to  distinguirth  from  carcinonia.  They 
tfevery  hard,  have  weU-do6ned  edgoa,  arc  painful,  and  when  they  uloenite 
^nma,  an  unhealthy  surface.  Iodide  of  potju^jmn  in  full  doses  will 
uutlhr  clear  up  the  diagrK)sis  in  the  course  of  a  week  or  leu  days.  The 
*-elf  i<  somotimes  the  seat  1  if  syphilitic  nodes.  Of  this.  Ivicnrii  ^ 
i  'rtjlievf,  the  liri*t  to  publish  an  example;  but  many  others  have 
h«wi  reconletl  by  subsequent  observers. 

TV  (wbfultilttr  Si/dfiii. — Chronic  enlargements  of  the  lymphatic  glandRf 
«0Rjptime8  roeulting  in  suppuration,  are  every  now  and  then  met  with  as 
'  ouels  of  syphilis.  It  is  remarkable  in  reference  to  tertiary 
(i;c  lesions  genemlly.  that  they  do  not  cause  any  secondary  enlarge- 
""ui  of  the  adjacent  lymphatic  glands.  ThiiJ  i"  tnie  of  Bvphilitie  ulcorii 
ti'Tisof  the  akin  and  mucous  membranes,  01' all  the  various  forms  of  node, 
"Jil  of  syphilitic  tumotirs  in  muscles  ;  and  it  often  eonstitutoa  a  verj* 
'i*elii|  means  of  differential  diagnosis  lierwcon  cancer  and  syphilis. 

'fh^  InUrntil  /''i>rr«.— The  investigations  of  nnKlern  pathxlogi&lB  liave 

iirirme*!  the  conjectures  of  the  older  wi  iters  on  sypliilis  as  to  the 

I  V  with  which  the  viscera  of  the  trunk,  and   more  osi)ecially  the 

">er.  siiiftT  in  ci*iistitnlional  syphilis.       In  connexion  M'ith  this  subject 

■f  iQUst  especially  menliun    the   very  valuable  contributioriis  of  Sir  S. 

^^ilki.     As  to  the  exact  |)erio<l  in  the  coui-se  of  the  disease  at  which  the 

^"(•cra  are  attacked,  it  is  ditficnlt  to  obudn  any  |»ositive  evidence.     What 

*ftiliH>over  in  the  post-mortem  examinatiim  i«  xisnally  the  result  of  long 

•"flfte,  and  it  is  companiUvely  infnM)uent  to  find  such  atfeclions  In 

i  «ttge.      What  evidence  we  have,  however,  favours  the  Udief  that 

t^  in  not  usually  until  the  later  |>eriixls  that  the  viscem  suH'cr  severely. 

Tlie  liver  appears  to  be  far  more  frequently  atTecte*!  than  any  other 

Indeed,  in   the  examination  of   the  bodies   of   those  who  have 
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suQered  severely  frum  tertiary  syphilte.  it  is  decidedly  exceptioiud  rrattt 
tiiiil  ^omc  proof  of  he{mtii'  rai8chief.     The  most  common  coiulition  cocumU 
in  Urge  white  piitchcs  of  Hhroid  tliickeiiiitg  on  the  surface  nf  the  or^u. 
These  priU'hes  ;ire  evidently  cicatricial.     The  liver  is  knotted  and  jmckered 
up  hy  thcni,  and  cieatn'eial  hHnds  dip  from  the  nurface  into  the  AnlMtiacc 
of  the  orgnn.     Soraotimcs,  when  the  dt-Btruction  has  been  great,  the  whota 
bnik  of  the  orgun  is  dimini^ihed.     In  recent  Uiseaee  the  Hflectcd  psrti  nf 
the   organ   are   enlarged,  and  on   acecion  cxiido  »  ghitinons  and  >;iininir 
materiiii  not  nnlikc  beeswax.     I  am  not  aware  that  aliscesses  hiive  us  yci 
been  met  with  in  the  liver  in  supposed  connexion  with  syphilis.     VircbuW 
recognised  two  forms  of  disease — it  cajwiular  hejwtitia  and  an  interstilid 
hepatitis.     Of  these  the  eapsubir  inHainmaiiun  is  the  more  communAod 
the  less  serious.     It  is  probable  that  the  two  are  generalty  iissocial«d  iu« 
grc'itcr  or  less  extent,      .^aoit^is  occurs  every  now  and  then  in  ooni 
with  syphilitic  disease  of  the  liver. 

TfAtes. — Syphilitic  sjirrrtcele  has  immiUy  been  elasued  liy  autbort' 
secondary  symptom.  I  fo^d  sure,  however,  that  thin  is  nut  ipiite 
It  is  amongst  the  earlier  of  the  secjuels,  but  it  very  seldom  occurs  dimiu] 
the  secondary  stage.  It  is  commonly  met  with  in  conjunction  with  ua\eK 
And  with  deep  ulceration  of  the  skin  rather  than  with  the  snperticiiJ 
rashtis  of  the  secondary  e|)och.  It  consists  in  the  free  effusion  uf  lynipii 
(Hbro-pliifitic  material;  itiU>  the  substance  of  the  testis,  or,  more  rarplr, 
into  the  epididymis. 

The  swelling  often  attains  a  very  considerable  sine,  and  when  it  fk>M 
RO  it  pre.Hents  tl»e  peculiar  feature  of  feeling  very  light  in  thp  hwi. 
Syphilitic  sarcocelo  is  much  more  frequently  symmetrical  than  any  otiwl 
(brm  of  tertiary  syphilis.  This  circumstance  we  might  expect  from  ikl 
fact  that  it  occurs  much  nearer  to  the  secondary  st^ige  than  do  mo^HJ 
the  others.*      Still,  however,  it  is  only  exceptionally  symmetrical.      ^| 

Xrrrou-a  .Sy-t^m.  —  1  have  pr*'\ioiiRly  a<lv«rt<jd  Ut  the  occ!ksioiiaI  ocBW 
roncc  of  cei'ebral  symptoms  in  connexion  with  syphilitic  inflkiinmation  <> 
the  bonos  of  the  skull,  and  to  the  fomiation  of  intraonmial  nodc»;  l>u< 
<|uite  a^Nirt  from  discjise  of  its  osseous  CJiae,  the  brain  itself  may  saS^ 
tlirectly  from  the  formation  of  tertiary  syphilitic  deposits  in  its  memhr*n 
and  yet  more  frequently  from  disease  of  its  blood-vessels.  There  nuiy  iJ| 
bo  dei»siTfi  of  like  nature  in  the  substance  of  nerve-tmnks,  proiiucing  fl|ieci 
forms  of  local  pmalysis.  To  these  isolated  defjosit*  the  name  ** syphilid 
neuroma"  haij  been  given^  and  many  wellauthonticaied  cases  are 
record  in  which  the  diagnosis  has  been  confirmed  hy  an  nutopey.  lU 
far  greater  number  of  cases  the  diagnosis  hjis  received  an  almost  eqna^^ 
valuable  conltrmation  in  the  cure  of  the  disease  by  itxllde  of  potitssJii. 
So  fre<|uenlly,  ind»^ed,  is  t»>rtiary  syphilis  the  cause  of  ^uti-alysis,  if 
investigations  in  this  direction  ought  never  to  be  omitted   in  ca&e« 

'  Oil  thru  point  i-'iirlit)K  nrot?,  " Sir  A.  Coo]M*r  thinks  that  in  titc  luftjority  or  cum*  ' 
iliMcAw  iitlAt:ki4  hoth  letttclm.  Hie  eight  exnmplei  reounieil  la  his  work  <lu  utti,  hunv^ 
liear  out  this  reiuark,  fnr  in  only  two  of  therii  iIova  it  np{tear  thnt  Imth  orgnn^  Wtrrv  alttrl^ 
A(«onllng  to  my  ohMrvntioim  the  iIimmu^  in  nmr»  commonly  roiitinetl  Ui  a  Rindcle  kIiui*!.  tkota 
it  occMiunolly  nffecli  both  ;  uhI  Uiis  also  appears  to  )x-  t)ic  opiuioD  of  Ricon). 


tIiIcIi  the  nature  of  tbe  dieease  is  in  the  lenst  doubtful.  It  is,  indeed, 
»if  TA  i,'o  farther  than  ihis,  and  Ut  Btxy  that  in  all  cjtaes  of  panilysiti 
■  cA-idcnt  muse,  and  in  which  syphilitic  nnteccdentH  nro  even 
I L'  it  IS  advi*ahle  to  try  the  eflect  of  i'xlide  of  potJLssium.  I  alhidc 
etiwdv  t')  »uics  of  {Ninilytiig  uf  the  cninial  nt'n'es,  for  it  would  appear  that 
iruBta  IS  mure  fre«{uent  In  thctn  than  in  the  spina)  nerves. 
Syphilitic  affectioris  of  the  nervouB  s^'stem  may  occur  in  any  stage  ; 
jv  ire  often  among  the  hito  tertiary  phenomena. 
Amongst  the  most  frequent  of  the  afl'ections  of  the  nervons  syatom 
III  wing  syphilis  we  are  obliged  to  place  tabes  or  locomotor  ataxy.  This 
fertion  ni.iy  assume  variouii  moditications,  and  it  often,  indp4-d  nstially. 
tKciin  in  those  who  shew  no  other  indications  of  taint.  It  is  probably  of 
Adturrnemtivt*  character  rather  than  inHammatory,  an<l  may  be  susperttMl 
l')Scdue  to  changes  in  thi*  artcno-capillary  ayatema.  S)»ecific»  have  but 
Ettii!  influence  on  it.  .Syphilis  probably  plays  the  part  of  a  predisposing 
mW  than  an  efficient  cause.  It  le^ives  the  spinal  centres  vulnerable,  bin 
doM  not  bring  al)4iut  any  active  changes.  Tlic  exciting  cauRc-H  ai-e 
pToWbly  over-exertion,  expt>snre  to  cold«  and  above  all  sexual  intercourse. 
A  (ir  inure  aeriuua  malady,  but  fortunate)}"  nutch  lei^s  frcpient,  is  general 
punjjrgiii  of  the  insane.  There  can  !>o  no  doubt  that  it  is  usually 
ptaxled  by  syphilis,  and  it  is  attended  by  inflammatory  changes.  It  is 
il»  in  many  case*>  ttnder  the  influence  of  specifics.  These  shouhl  be 
fcwiy  iind  coii.stantly  iwcd.  'fhe  exciting  causes  are  intemperance, 
cscileinent,  and  sexual  excesses.  Tabes  and  general  jKtralysis  of  the 
inmneare  to  l*o  regarded  not  as  syphilitic  but  us  pam-  or  nieta-syphilitic 
ilfmjoiis. 

[For  Tabes  and  General  Paralysis  of  the  Insane,  see  special  articles  in 
**ction  on  Diseases  of  the  Nervous  System,  Vol.  VII.] 

Colles'  Law. — About  the  year   1837  Mr.  Alu-aluim  Colics  of  UnUlin 

|xib!ishcfl  the  iniport-int  obsen'ation  tliat  mothers  wlio  suckle  their  own 

\vi)a)litic  infants  do  not  contract  chancres  on  their  nipples.    If,  oti  the  other 

l*»ni|,  :i  healthy  wet-imrjse  be  employed  to  rear  a  Uiinted  child,  a  nipple 

i^lianrre,  to  be  followed  b\'  constitutional  syphilis,  is  not  an  infrequent  re 

«iiL  Subsequeni  observers  have  almost  unanimously  confirmed  Mr.  Colles' 

't»l«mentj5  of  the  facts,  akhonuli,  jis  might  have  been  anticipated,  a  few 

ifis  liave  been  recorded,      I'reteixing  to  give  weight  to  these  except 

ilher  than  to  the  great   nuiss  of  conHrmatory  e\idence,  some  have 

"^'en  8iiggesl«d  that  what  h:LS  lieen  called  Colles'  luw  ia  at  the  most  of  but 

tlotthtful  force.     They  contemi  that  chaticros  of  the  nipple  in  wet  tnirses 

■"^  very  mre,  and  those  which  ficcur  in  mothers  not  very  infivipieiu  ;  so 

*lui  iu  rejility  no  great  difl'eretice  between  the  two  classes  can  I>e  proved. 

Iliis  iirgiuuent,  will,  however,  t>e  seen  at  once   to  have  no  validity  when 

rcmcmlier  that  it  is  extremely  rare  for  a  wet-nui-se  to  encounter  risk. 

liht  for  mothers  to  do  so  is  an  everyday  occuiTcnce.     If  mothers  were 

wtnuch  risk  as  wet-nurses  we  slioidd  see  chancres  of  the  nipple  very 

luently  itideed.      A  surgeon   who   was  res[Kjn8ible    for  a   wet-nurse 

^'ig  her  breast  to  a  syphilitie  child  would,  if  ^^yi'hilis  ensued,  become 


liable  to  an  uction  for  dumuges.  No  wclMiiformed  medical  nvui 
f]ut!S  permit  such  a  thing,  and  the  miniber  of  calk's  in  which  \h 
Wft-iiur&es  spoMtiiiieoitsly  give  their  hrejifets  t*i  infants  with  sypbi 
mouths  must.  l>e  very  siiuill  indcefi.  Wo  may  then  iwsiune  tluvt  whnt 
Itceii  ijilled  Colles'  law  does  express  a  well-established  *nd  very  imijor 
clinical  fact 

It  follows  from  Colles'  law  thnt  a  woman  pregimiit  with  a  syj^ii 
child  doeH  receive  from  the   fn^tus  somethitiji;  whi4:b   renders  her  iuiinl 
to  the  contagion  of  the  diseatie.      It  is,  however,  most  certain  that  in  ti 
course  of  her  aci|uisition  of  this  immunity  she  but  rarely  cxhihits  wij 
well-mmkcd  secondaty  symptoms.      It  is  common  for  a  married  wuuiAiti 
bciir  a  tjunted  child,  she  having  been,  through  her  whole  pregiraticy 
hcfore  it,  ipdte  free  fn)m  obvious  symptoms.     Wq  have  proof,  then, 
the  blood  iraiiBfererice  which  occurs  between  foetus  and  mother  oiiv 
<luce  immunity  without  causing  any  obvious  outhrciik,  and  this  i*  a  v( 
iiniKjrunt  observatinn.     To  what  extent  such   mothers  are  liaMe  in 
future  Co  phenomeua  of  the  tertiary  class  is  a  ([uestian  which  it  is  vi 
ditficult  to  answer.     Thiit  they  do  so  sutfcr.  not  infre'inently,  scenw  toi 
well  eslablishe*! ;  and  is  a  c<»rroboratiun  of  the  belief  that  they  do  re 
receive  infoctioji  during  pi*egnancy. 

When  a  man  who  has  sufferwl  from  syphilis,  but  who  bolievoiS 
self  cured,  enters  into  TiiaritJil  relations  with  a  healthy  wijm;in,  the  Ii 
encounti'rs  risk  of  two  diHVrent  kinds.     It  may  hapi>eu  that  a  new  cxcot 
tion  on  the  penis  may  be  produced,  and  that  it  imiy  cause  a  chancre  iit 
woman.    In  such  m  case  all  the  usual  phenomena  of  syphilis  will  prul 
in  duo  course  ensue.      If   this   risk   be   escaped,  it   is  not  proliahle 
the  woman  will  suffer  in  any  way  unless  sht?  l>ecome  pregnant      The 
no  reason  to  suppose  that  syphilis,  with  the  nircst  exceptions,  can  oi 
the  system  without  a  prinmry  sore,  or  that  the  semen,  or  other  secret 
of   the   hushand,   can   convey    it.      The  second   kind  of  risk  will  W 
couutere4l  if  the  wife  become  pregnant.      Whether  it  be  [>ossilile  f< 
paternally  tainted  fo'tus  to  protluce  in  its  mother  a  severe  ontbri: 
secotid^iry  syphilis  must  be  held  lo  be  doubtful.     Many  ciises  are  on 
supiHjscd  to   be  examples  of  sucli   occurrence,   the   wife   having   she' 
abundant   evitlcnccs    of    lilood    infection    during    the   early    montl 
pregnancy.     In  all  such,   however,  there  is  the  fallacy  that  a  prii 
sore  may  possibly  have  been  overlooke*!.      On  the  other  side  oiacs 
innumcnible   in  which   a  yonng  wife   remains  in   perfect  health, 
manifesting  the  slightest  indication  of  disejtse,  and  yet  Wars  an  ii 
destined   t«  shew  it.     llie  latter  is  ceruxinly  the  ride,  and  the  fot 
if  it  ever  (jccurs,  is  tlic  exception. 

A  few  wurds  may  be  siiit^ibly  inserted  here  ;is  to  the  poseihility 
mother  who  acipiires  syphilis  during  her  pregnancy  coinmuniuiiing 
disease    to   her  fwtus.      The   fiicts    which    have   been   recorded 
my  own  mind  t\\\he  conclusive  on   this   ])oint.     At  whatever  peri< 
pregnancy  the  disease  is  so  acf|uired  up  to  the  last  four  weeks,  it  ia 
certain  that   the  feetus  will  be  infected.     So  far  as  facts  yet 
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pcnuil  »n   i>f)iriiun,  no   ilifference  will    be   o)i8«rve<]  in  the  phenomunn 
di»|»bvnl  }iy  the  chilJ  fioni  tiiose  ul  oriJiriafy  inhi?rito(l  syphilis. 

Syphilis  in  Reference  to  Marriage.-   Bi'foro  piucubding  tu  digcttefl  tliis 
.  I  may  al  once  aver  my  fonviflion  tliiil  a  gruat  anmiintof  human 

>.-,  i -'^  is  fntfltmtcH  by  the  rxaggci-atcd  fears  which  are  entertaineil  Viy 

ihc  profi'^o?!    anrl    the   ptiljlic.       Not   only    are    niartiagea    nee<I)esB]y 

dtifmvil  or  allogethtir  proveiilwi,  which   had  they  in-en  |>erniitte<l  would 

Ibiv  iiroduccd  only  niutiml  good  and   liltittsing,  hut,  on   the  other  hand, 

inhi^y  and    immoral    connexions    aru    greatly    multiplif<l.       When    a 

jooiginaii  ia  fijrliiddun  Uy  marry  because  ho  has  hail  syphiliR,  t.r  whfn 

hkown  fears  or  what  he  calU  his  "  sense  of  honour  "  prevent  him,  it  docs 

Ml  by  iinv  means  follow  tliat  be  will  lead  a  continent  life.     We  have  but  to 

kwkil  ihe  Aubject  in  ihe  aggregate  to  see  how  im[>ortunt  are  its  Vicarings. 

A'am  but  a  Utile  thing  in  an  individual  case  ;  but  what  we  have  to 

•  r  is  tliat  sypiiilis    in  young    men    is  and   always  will  be  very 

•■•liHiiitri,  and  that  the  rases  are  really  very  niimeroiiM.     If  we  8Up])0se  a 

*JKj<iund  young  men  othcrwic^e  wishful  to  marry,  and  in  circumstances  to 

Atfcuriih  prudence,  deterred  from  it  by  the  ff*ar  of  syphilis,  we  must  realiao 

that  an  e(|Ual  numbrr  of  young  women  must  als*o  at  the  same  time  lose 

liicir  I  bince  of  marriage.     Now,  supposing  that  a  jjerioil  of  two  years 

'I  ]»jWHt*d  since  the  primary  di&ease  in  the  man,  the  amount  of  risk 

I    i-  run   is  probably  infinitisinially  small.      That  there  is  still  some 

Ititie  risk  no  one  ac<jiiaint€d  with   the  facts  wo\d(l  l>e  prepared  to  deny. 

ShAl]  we  on  account  of  that  little  danger  at  laice  lengthen  the  period  to 

tlirM^  four.  <jr  live  yeiu-a  1     I  l*elieve   that   to  do  bo  would  be   to  act 

iftwiseiy.     In  this    matter  the  ]>rofessiun  shonM   take  the  part  of   the 

''**ttmjr  and   not  of  the  alarmist.      The  fears  of  the  jiublic  are  far   in 

«cc»  of   what  the  facts   warnmt.      Many   irmrriajjeablu   men,  for  whom 

'•urriage  would  have  been  perfectly  safe,  \et  remain  bachelors  for  years, 

**'perhapB  fiw  their  lives,  from   the  consciousness  of  having  had  t^yphilis. 

"  «  similar  degi'ee  of  &c*rupidosity  were  to  l>e  observetl  in  reference  to 

•^e  risk  of  transmitting  tultcrcidosia  or  scrofula,  or  the  neurotic  diathesis, 

^^  ttiAi  iif  arthritis  or  of  cancer,  we  should  have  but  few  marriages.      Vet 

****  physical  evils  and    Hun'ering    produced    by    the  irdierilanee  of    these 

^*' 'Ufctiifs  far  exceed  those  which  result  from   syphilis.     Com|)ared  with 

' ''*"'u,  inberite^i  sypiiilis  is  lioth  rare  and  easily  curable,  and  M'ere  it  not 

^•"it  A  certain  stiL'nm  attaches  to  it  as  a  "  foul  disease,"  and  one  for  which 


\h 


a  certain  stigma  a 


■**  iwrent  is  morally  responsible,  it  woidd  receive  but  little  attention. 

In  past  years  ihtise  who  had  suffered  from  syphilis  were  allowed  to 
U\i-j.y  mj  >ioo\\  as  all  symptoms  had  disappeared,  and  often  within  a  very 
.  *^^*"  months  of  the  primary  discvtse.  Inasmuch  as  there  is  no  reason  to 
■*^Jievo  that  infantile  sy])bilis  was  much  more  common  then  than  now,  we 
^***>- believe  that  in  many  instances  a  jKriod  of  six  months  is  quite  aiJequate 
r*^  trw  A  man  from  the  risk  of  liegetting  a  syphilitic  child.  We  know  that 
**  ».  large  proportion  of  cases  the  {tatient  himself  becomes  permanently  free 
'■^3»ii  manifestations  w*ithin  that  period;  and  this  consideration  may  help  us 
*«>  t;lte  belief  that  the  virus  does  really  perish  from  the  blootl  so  as  to  make 
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iraiitsmiseioii  iaipossible.       It  must  be  udiiiiited.  however,  that  in 
m:my  others  it  liuj^ers  much  longer.     The  rulu  which  now  prevails 
of  forhitldirij;  marriage  for  two  full  years  from   the  diet*?  of  ihe  pri 
Hore  is  probably  a  safe  out*.      Il    may   Jiossibly   be  rtjluxe*!   ot.-ca.s 
umlur  exiujplioiuil  conditions  when   the  synipUims  have  disa.p[K.*iin3: 
eRrly  and  vory  completely  ;  and  there  may  be  others  in  which  the  coi 
has  bnQn   the   case,  in  which   a  yet   longer  i>eriod  sbonhl   be  re<J 
It  would,  however,  )>e  a  pity  to  make  the  geiieml   rule  insist  on 
It  is  foolish  to  conceutrat-o  our  ftttuntimi  on  a  few  exeeptionftl  ca« 
to  forget  the  lessons  t.'iiiglit  by  the  vast  majority.      If  the  jKiticnt  d 
almost  the  whole  pei-i^xl  havi!  Ijcen  etficiently  trcjiteJ  with  muixur; 
absence  of  riak  may  bo  asserte-l  with  the  greater  confidence  ;  but  we 
always  remember  that  timu  as  wfll  as  mercury  cures  syphilis.     Th 
facts  which   seem    to  make  it   probable   that  the  risk   of   tmnsn 
syphilis  to  otrspring  lasts  much  lon^'cr  in  women  than  in  men 
niU'.r  marriage  only  ihe  tirst-l-M)rn  child  or  the  first  two  shew  signs  ofl 
it  is  probable  that  the  iiiherituucc  is  from  tlie  father  only.     WTieaf 
however,  a  succession  eutfor,  whelher  contiiniously  or  with  interni|iri 
then  it  will  usually  be  found  that  the  mother  has  lieen  affected, 
is  probably  nothing  inconsistent  with  physiological  law  in  the  sup 
that  Bpecitic  poisons  may  linger  longer  in  a  latent  state  in  the  o 
in  any  other  of  the  body-tissues,  and  clinical  observation  wnulil  i 
anggt'St  that  such  is  the  case.      A  woman  known  to  have  had  svp' 
often  liejvrs  healthy  children,  but  there  are  facts  on  the  other  side  w 
should  lead   the  medical   adviser   to  speak   with   gieat  caution  0 
matter. 

Treatment — KespMting  the   treatment  of  syphilis  n  few 
principles  miiy  easily  l>e  advanced. 

In  the  first  place,  it  i*:  ipiite  C4!rt-Lin  that  all  its  early  phenomcni 
a  definite  t<'Ildt^ncy  tu  sgxmt^ineous  diHapi}e:ir:ince.  It  is  n{>on  thu 
established  fiict  that  the  mm-mercurialifiU  bnild  their  hopes,  ami  by 
they  have  been  able  to  claim  for  their  opinions  a  certain  amount  of  i 
support.  The  chancre,  however  largo  and  however  haiil,  will  i 
melt  away  ;  the  liardened  glands  and  the  skin  eruption  will  a1s4t  disji 
In  a  majority  of  cases  these  primary  and  secondary  phenumt?iia  wu 
assnme  any  great  aeverity,  antl  the  patient  will  never  Ite  neriously  i)L 
is,  perhaps,  in  not  more  than  half  ur  even  in  a  minority  of  cases  t 
disease  assumes  any  serious  features.  In  those  in  which  it  does 
degree  of  severity  will  vary  within  very  wide  limits,  and  in  a 
avaiiW  pro|H)rtion  the  severity  of  the  fever,  eruption,  and  other  syin 
may  be  such  as  to  endanger  life.  In  some  also  we  knuw  that 
secondary  stage  ^rill  never  wholly  disappear,  but  Avill  ])aaa  o: 
coiiditions  characteristic  of  the  later  on«'. 

A  second  general  pro[>4isition  is,  that  overall  the  early  raanifcs 
the  mineral  mercury,  in  whatever  form  it  may  be  intioducctl 
system,  exercises  a  specific  iikfluence.     It  uiuse.s  the  induration  of  a 
to  di&apfK'ar  ami  thu  »ore  to  heat,  it  makes  the  eruption  vanii^h.  it 
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60V11  the  febrile  teraperatui'e  if  such   huve  been  present.     The  deUiU 

iu  influmco  will  \^r\  with  the  modes  of  its  adinitiistration  and  the 

icr&isie^  of  the  patient,  but  about  these  main  facts  there  can  be 

[KrittHT  dniibt  nur  dispute.     The  determinntion  in  detail  of  iu  iiiHuenoe 

OD  ibe  life  of  the  8pirocha?ta  is  awaited  with  the  utmost  interest,  and 

■tt]r  [irovu  most  valuable. 

Oiir  third  pro|>o8ition  is  thiit  over  the  tertiary  manifestations  of 
•Vj^iiliB — the  gumma — whether  of  skin,  cellular  tissue,  cojits  of  arteiy. 
embnl  meninges,  or  iwrioatontn.  the  i»xlideof  potASsium  exercises  almost. 
Will-finite  an  inHuence  as  di>es  mercury  over  the  earlier  ones.  Under  its 
inlliicnce  large  gummas  will  disappear,  periosteal  pains  will  cease,  and 
oken  will  heal. 

Vi*heiher  any  other  drugs,  mioeral  or  vegetable,  exercise  any  specific 
infhwnce  over  syphilitic  processes  is  as  yet  not  proven.  It  may  Iw  hold  as 
•amly  likely  that  mercury  and  the  iodides  are  th«  only  remedies  which 
pnMHB  such  |>owurs ;  but  although  much  has  been  from  time  to  time 
MKttcd,  nothing  beyond  what  has  been  just  stilted  has  received  the 
final  imprimaiur  of  pmfessional  experience. 

hi  the  diseiLssion  of  details  it  may  bo  convenient  to  take  the  hist  of 

our  statements  first.     All  aro  agreed  that  in  the  tertiary  stages  the  iodide 

i^ltOUKnum  must  l>e  used.     8ince  its  introfiiiction,  indeed,  the  lerrorj*  of 

tbiJiiuge  have  to  a  very  large  extent  vanished.    The  iodide  should  be  given 

n  doses  siiitod  to  the  idiosyncrasy  of  the  pitient  and  the  resist^ince  of  the 

hmUwIt.     There  is  no  remeily  in  whicii  idiosy  ncra«y  coiuiln  for  so  much  and 

invhicb  the  dose  may  vary  within  such  wide  limits.     It  is  well  to  begin 

"itli  small  dose«,  invariably  to  combine  ammonia  with  it,  and  to  increase  the 

UMeonly  if  rei:)uired.    Hometimcs  niitmt«  doses^  of  a  grain  or  even  a  tfiin) 

^''•'i  ^*rain  will  exercise  aa  definite  a  cimitive  influence  a:i  thirty  times  the 

•Utility  may  do  in  another  patient.      It  is,  as  a  rule,  not  well  to  give  it  long 

otiniiously,  but  to  omit  it  fur  a  few  days  at  11  linit!,  and  to  begin  anew 

A  smiiUcr  dose.     In  cases  of  idios)'nci'asy,  in  which  it  exercises  an 

"'jUriuLis  influence,  and  brings  out  eruptions  or  causes  a^dema  of  mucoiiii 

'^toiliraims,  all  that  is  nee<led  is  to  reduce  the  dose  sulliciently.     In  many 

*^®es  the  three  iodides,  of  pota-ssium,  sudium,  and  ammonium,  may  suit 

1«  corabinefl.      Whether  these  salt**  be  given  together  or  not,  in  no 

i«  inii8t   the   atldition  of   ammonia    be  forgotten  ;   it  is  reputed,  and 

'•^th  reason,  to  double  the  cflcct  of  the  dose.     Iodide  of  ]X)tassium  has 

****■  many  persons  heavy  drawbacks.      At  the  same  time  that  it  cures  the 

•yphilitic  Ifsinn  it  often  depresses  the  general  tone,  h)wers  the  spirits, 

•^•^I  entirely  incapacitates  the  patient  for  the  enjoyment  of  life.      Indis- 

^^^inatcly  used,  :is  it  is  by  many  at  the  present  time,  it  is  pro<luctive  of 

f**^«ch  wroi-cliednei*s,  which  might,  by  a  little  aire,  bo  avoided.      It  i-*  well 

*"  almost  all  eases  to  combine  nux  vomica  (or  strychnine)  with  the  iodides, 

*^^^  ill  aises  in  whicli  pustular  eruptions  are  pro<lueed  to  give  arsenic. 

**>*ioform.  given  in  doses  of  five  to  ton  grains  Jind  in  the  form  of  pill,  is 

f***'*'>tinies  better  borne  than  any  of  the  iodides.     The  h>cal  us«  of  the 

^**'Jcs  for  all  local  and  external  tertiary  afleetions  might  with  iidvtuitage 
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be  resorted  to  much  more  frequently  aod  freely  than  is  usually  doDt 
Lotions  of  iodide  of  potassium  applied  as  a  water-dressing  under  oilo 
silk,  ointments  of  iodoform,  iodol,  or  of  chinosol  are  often  much  mor 
efficient  than  their  internal  administration  and  less  open  to  the  risk  of  i 
consequences. 

The  use  of  mercury  in  syphilis  has  been  the  subject  of  almost  endlet 
debate  and  difference  of  opinion.  It  may  be  given  in  very  various  methoc 
and  in  very  different  doses.  In  order  to  avoid  prolixity,  I  will  begin  b 
describing  in  a  little  detail  the  plan  which  I  think  by  far  the  bes 
namely,  that  of  the  continuous  use  of  small  doses  over  long  pmods.  fi 
it,  if  begun  early  enough — that  is,  before  the  appearance  of  aecondar 
symptoms — the  evolution  of  the  disease  may  be  wholly  averted,  and  not 
single  symptom  beyond  those  of  the  primary  stage  may  be  alloved  1 
appear.  It  is  difficult  to  conceive  any  better  result  than  this.  11 
preparation  which  is  the  most  easily  managed  is  the  grey  powd* 
(hydrargyrum  cum  creta),  and  there  are  obvious  advantages  in  keeping: 
much  as  possible  to  one  form.  The  dose  should,  as  a  rule,  be  one  gni^ 
only,  given  in  pill  in  combination  with  opium,  and  repeated  as  frequent 
as  the  patient  can  bear  it.  It  is  most  important  to  begin  with  suffidei 
opium,  so  as  to  be  secure  against  diarrhcea  at  the  onset.  A  fiftb  < 
even  a  fourth  of  a  grain  in  each  pit!  is  not  too  much.  Should  it  cu 
headache,  drowsiness,  or  constipation  it  can  easily  be  reduced.  The  t» 
complications  to  be  avoided  are  salivation  and  diarrhoea.  The  proble 
is  to  introduce  as  much  mercury  as  possible  without  the  occurrence 
either  of  these.  The  diarrhcea  is  to  be  prevented  by  opium  and  atte 
tion  to  diet ;  the  salivation  by  frequent  cleansing  of  the  teeth  and  the  u 
of  an  alum  mouth-wash.  The  pill  suggested  should  be  given  four,  fii 
six,  or  seven  times  a  day  without  regard  to  meal-times.  On  no  accoQ 
should  the  patient  be  allowed  to  take  two  together ;  by  dividing  the  doc 
inconveniences  are  avoided,  and  the  desired  effect  produced  with  mn 
greater  certainty.  All  soups,  green  vegetables,  fruit,  and  malt  liqu 
should  be  strictly  forbidden.  The  patient  should  be  advised  not 
smoke,  and  should  be  told  that  he  will  have  to  carry  out  the  treaUne 
for  twelve  months  without  any  intermissions.  In  very  few  cases  will  it 
found  desirable  to  make  the  dose  of  mercury  larger.  As  a  rule  Dove 
powder  appears  to  l>e  more  effective  in  preventing  diarrhcea  than 
etfuivalent  of  opium. 

An  experience  of  many  hundred  cases  treated  according  to  the  ak 
plan  justifies  the  statement  that  if  it  be  faithfully  carried  out  syphi 
may  be  wholly  suppressed,  and  the  pjttient  may  never  know  anythi 
alx>ut  his  malady  l^eyond  its  primary  symptoms.  In  many  cases  he  m 
come  to  doubt  the  diagnosis  on  account  of  the  rapidity  and  completem 
of  his  cure. 

Some  very  curious  facts  have  l»een  observed  in  connexion  with  tl 
continuous  treatment  with  the  object  of  suppression.  If  at  the  end 
tour  or  tive  months,  during  which  the  suppression  has  been  complete,  I 
mt^rcury  be  left  off,  there  will  usually  appear  at  the  end  of  a  month 
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wnsb  A  very  definite  secondary  and  synimctrical  eniption.     It  will, 

howrver,  Ite  a  very  slight  ami  mild  oriti,  amf  will  diiiappejir  very  quickly 

mlii'ii  the  remedy  is  rc&time<l.     Of  tho  sccoudnrv  symptoms,  sores  ori  the 

b'tisiU  Nte  those  most  diflicult  In  prevent ;  unti  many  luitients  who  wholly 

eruptions  yet  shew  a  s+light  form  of  tht*  chaiTicteristic  sore  throiit. 

smay  be  bocuuse  the  throat  usually  sutlers  very  early  ;  or  it  may  he 

t  nioreury  is  occa«ionaHy  the  c:mse  of  congestion  of   the   pharynx. 

iniig  the   eoiirsi?   r»f    trt-utmcnt   suggested    the    patietit    need    take    no 

1  precautions.     He  may   live   as  usuiii  and   follow  his  avocations. 

chjsely  he  kiteps  his  lutuse  and  the  lon^'er  the  time  that   he 

ill    l»ed    thf    less   will    be    the    ({uantity    of    mcrcnry    requirecl. 

PtyaliMo,  if  it  occur,  must  Im?  regarded  as  an  accident,  and  not  in  the 

loutiM  prcMif  that  enough  mercury  h;w  been  given.     It  must  be  remedied 

w  |fft>mptly  as  possibI(\  kept  at  bay  by  constant  cleansing  of  the  mouth 

ttd  twth,  and  the  mercury,  in  reduced  doses,  must  be  continued. 

The  ttffieacy  of  mercury  in  the  treatment  of  syplnlis  is  wj  well  assured 
llutftU  motles  of  use  can  claim  tnumphnnt  result**.      The  relative  advan- 
I«jcfi>  iif  inunction,    hyix)dennic   injections,  and   admiiustnition   by  the 
■n^iitli  may  perhaps  be  fairly  sununeit  up  a.s  follows :  To  those  who  hold 
tiwt  the  treatment  should  Iwj  not  intcrniptcfl  but  continuous  over  a  long 
pcriixl,  the  mouth  method  is  the  only  nviulable  one.     Inunction  is  so 
tlisAgreeuble,  and   injections  not  only  so  <Hsagreeable  but  so  exjietisive, 
thaithi-  [^Mitierit  is  almost  sure  to  shirk  both  one  and  the  other  as  soon  as 
hi*  syniptoms  have  well  disapfK'ared.     To  a  very  considerable  proix>rtion 
"^  patients    neither  of    these  methotls  is,  for  various  reasons,  available, 
whilst  to  none,  with  but  few  exceptions,  hiivc  they  miy  real  advantages 
'^ver  their  competitor.     The  exceptions  occur  in  the  citso  of  careless  or 
'■•^liicUnt  patients  who  cannot  be  trusted  to  tike  their  medicine  regularly. 
ire  chiefly  met  with  in  the  st^rvices,  and   fur  such  the  hy|>o<1ermic 
'    h>is   its   advantages.       In    behalf    of    the  continuous  small  ilose 
''*lmiiiiAtnitJon  by  the  mouth,  it  may  be  allegcl  that  it  has  been  abnnd- 
»'itlj  provt?rl  that  it  will  eftect  tlie  removal  of  syphilitic  symptoms  in 
wi  stages  just  as  quickly  as  cither  of  the  others,  that  it  does  not  inteiTUpt 
"■<?  luitieiitV  avocations,  that  it  causes  no  inconvenience,  and  is  economical. 
'^"  that   is  uecesKiry   is  to  guaixl   the   mercury   etHciently  with   Dover's 
poird^.j.  f^nd  to  explain  to  the  ptitient  that  the  coiutm)  is  to  l>e  a  long  and 
^^^Huous  one,  and  that  the  rules,  detaileil  alwve,  jis  to  diet  ami  so  forth 
*o  be  rigidly  observed. 

■>\ning  the  treatment  the  piitient  will  lose  fat  but  not  flesh.      He  will 
SI?*'*  ^'*^  strength,  but  may  fall  a  little  in  weight     At  the  end  of  it  he 
|irolNibly  declare  himself  in  better  health  than  rver  before  in  his  b*fc. 
n   cert:iin  circumstiinces,  but   not  often,  it   may  be  well   to  combine 
•'i*.'  of   potassium  witli  mercurial  treatment   in  the  secon<hiry  stage  of 
J  Pnilis.     This  will  be   the  case  if  the  lK>ne  pains  are  severe  or  if  the 
^'^ous  membranes  sufTer  severely.     I^rovided,  however,  tliat  the  mercurj' 
been  tiegun  early  enough,  such  symptoms  will  seldom  occur. 
t   has  seemed  Ivest  to  state  the  ordinary  result  of  the  suppressive 
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treatment  by  mercury  before  conaideriug  whether  mercury  oo^ 
ought  not  to  be  used.     If  the  stntenients  jiist  made  &re  well  foi 
there  cim  hiirtUy  be  ii  dmibt  about  it,  nitice  the  advociitcs  of  ahalil 
fi*om  Bpocifics  taniiot  Imt  admit  that,  although  many  piiticnis  do 
many  others  suffer  very  severely.      The   same  remurk  applies  nil 
other  mctliodrt  of  usin^  merciir\%  for  of  none  can  it  Ixr  alleged  UmJ 
trouble,  or  Icm  expense,  or  less  risk  of  loss  of  hc.ilth  to  the  patic 
involved.     Better  results  coulrl  not  pi«sif)ly  be  obtained.     WliiUt,  \ 
fore,  it  is  to  be  admitted  that  the  inunction-method,  that  by  subcntm 
injections,  and   that  by  the  Nitpuur  bath,  are  all  uf   them   i^xceedf 
useful,  it  is  yet  difficult  to   find  iulvantau;es  in  any  of  them  over  iJ 
recommendefl.     The  estimation  of  the  results  of  treatment  in  syphili 
two  aspects :    first,   the  prevention  of  inconvenience  and  loss  irf 
tluring  the  secondary  stage;  and,  secondly,  the  prevention  of  sequeb 
of  tertiary  symptoms.      That,  in   regard    to  the   former,  mercurial 
ment  is  tnum}>hant  there  can  be  no  r&isonable  doubt.     It   is,  howei 
very  diflereiit  thiui;  and  much  more  difficult  tif  accomplishment  tf» 
that  it  is  influential  in  avoiding  the  latter.      To  do  this,  it  is  ncedl 
collect  indifferently  the  case-histories* of  many  patients  extending 
the  whole  life  Hubswpient  to  the  attack.     Whilst,  however,  it  m; 
vlmittod  that  no  plan  of  treatment,  however  successful  at  the  ti 
be  held  to  secure  the  patient  against  suleequent  risk,  there  is  m 
be  said  in  favour  of  the  belief  that  it  is  a  tlecided  gain  to  su 
if  too  late  for  suppression,  quickly  to  cure  the  secondary  stage, 
facts  favour  the  belief  that  <^\HnmiVs  usually  nppcjir  in  the  sites  of  i 
s'i'jjhilitic  lesions,  and  if  so,  it  must  l>e  a  g-ain  to  prevent  the  ilevelo|l 
of  the  latter  altogethiir.      Further,    nothing  is  more  certain  thai^ 
those  who  suD'er  severely  in  the  secondary  period  often  do  bo  also 
later  ones.     All  the  cases  of  «o-aillotl  "  malignant  syphilis  "  are  inal 
(if  a  severe  secondary  stage  imperfectly  combated.    Under  the  suppn 
pUn  none  such,  mdoss  in  connexion  with  very  exceptional  idiosyai 
ever  occur. 

laborious  attempts  have  been  made  to  bring  to  statistical 
decision  as  to  whether  mercurial   treatment  is  useful  in   preventini 
occurrence  of   tertiary   symptoms.      Such  an   inquiry  is,  however,; 
rounded  bv  fallacies.     So  much  depends  upon  the  precise  details 
mercurial  course,  and  still  more  upon  the  stage  of  the  disease  »t 
it    wjis    commenccil.      The    coTidusions   of    those  who    liave   condtic 
the  incpiiries  are,  however,  I  think,  in  accordance  with  a  f/nt/rt  probaliilij 
and  the  impressions  derived  from  such  experience  as  I  have  h:ul  are 
nlTeet    that    etticicnt   mercurial    treatment    iu   the    early  stages  is 
efficacious  in  the  prevention  of  remote  sequels.     For  myself  I  attn 
utmost  importance  to  what   I   have  venturtx^l   to  call   suppression 
ment,   that  is,   LrcJitinont   begun    lieforc  the  development  of 
symptrom-^,  and   having   for  its   aim   their  entire   prevention.      To 
with  mercury  very  early  and  to  continue  it  very  long  seems  by 
most  hopeful  mothoil  of  prevention  of  tertiiiries. 


Diagnosis   of  Acquired   Syphilis.  —  The   lYicoguition   of   ayphilitic 

lymptomft  in  the  sfciotdon/  shi^ir  is  iiut  iteimlly  difHcuh.     Tho  copiouBnesa 

<ji  th*'  r.ish,  iu  syrmuctiy,  tbe  copjier-tint,  the  fietjuent  cuincklcnco  of 

-liffi'ivnt  types  of  skill  eruption  in  tlie  same  caso,  the  presence  of  febrile 

ilitiuHmnce,  the  absence  of  ent^ineoiis  irritation  and  tlic  co-cxistencc  of 

•■•m  oti  the  tonaila — and  frequently  on  tbe   [nuc<:»iis  nieniltnine  of  tho 

dtedn  aIbo — are  all  features  which  belp  to  uiakt;  ilie  fIin<;no«is  easy  tind 

furtUD.     To  those   wo  may  add   thiit  the  .syphilitic  exantbeiu  u^uiilly 

a[f|*ani  first  i»n  tbe  ab^lumen,  chest,  and  fitjnts  of  the  unns,  that  it  very 

(vmiiiotily  affect*  the  face,  and  that  it  avoids  the  Iwicks  of  tbe  elbows 

'iiid  the  frotitK  of  tbe  knees,  localitioH  which  are  almost  always  att^tekc^l 

ni  cMtyi  of  eomiDon  {woriasift.     lliu  patient's  genitide  and  groine  should 

■bnyg  be  examined,  for  in  tbe  early  stages  of  tbe  secondary  eru]»tions 

^  ^eliloin   hap[>eii8   that  all   traces  of  tbe  primary  syuipt<inis  hnvi'  dis- 

fHptSATcd  ;    oft«n    these    are    still    very    dclinitcly    present.       Although 

<>'phititic   rashes    vary  very   much    in    outward    characters,   yet  in  the 

wuiurw*  just   uientioued   they   have   always  a   Uwis  of    close   similarity 

'xie   with   another.     When   misuikes   occur    they  are  ustuiUy   those   of 

"•sufficient  attention.     Tbe  patient  is  allowed  to  decline  to  show  more 

'i«u  u  small  part  of  his  siu-face,  instead  of  being  made  Xo  si  rip,  or  at 

*"y  rate  to  exjKise  the  whole  of  his  bufet.     If  the  hitter  course  be  adopted, 

t/ie    symmetry  of  the  rash  and  its  other  peculiar  features  will  almost 

WM-ay*   MTest  the   attention   of    tho   olwerver.     Amongst   minor   points 

*"hich  occasionally  assist  may  be  mentioned  the  gyrate  or  ringed  form 

'■f  the  patches ;  and  in  some  cases  of  syphilitic  psoriasis  the  compiirntive 

*^*s«nce  of  de^^iiaumtioii. 

^^econdary  eruptions  are  usually  developed  in  stages.  The  first 
**l$e  is  one  often  overlookeri,  and  may  be  very  transitory.  In  it  the 
i^rxaption  is  erythematous  only  and  may  closely  reHcmble  a  roseola,  and 
•y  evrn  he  mistaken  for  Oerman  measles.  Papules  which  do  not 
*iiolly  disappejir  on  pressure  and  are  attendetl  liy  some  thickening,  soon 
follow,  and  with  ihcni  often  occur  affections  of  the  ]tilo-sctiaceouB 
«y^'*Ja,  lichenoid  indimitions,  or  small  pustules.  These  stages  are  ofteti 
ill-<ktined,  and  eniptions  of  various  ty(>es  arc  riften  present  together. 

The  cases  which  c^in.'Mj  mnst  difficulty  are  thost!  in  which  syphilis 
'>c<.-ur8  in  a  ]»atient  who  is  alrojwly  the  subject  of  some  other  skiu  disease. 
Iri  ho&pitJil  practice  it  is  very  common  to  see  scabies  and  a  syphilitic  T*asb 
c^J-^-vi sting,  and  in  some  of  these  mixed  cases  it  is  most  rlijlicull  t*i  Imj 
«riain  as  to  the  nature  of  tho  eruplioTi.  Kxaminati(ui  of  the  mouth  and 
thnwit  and  of  the  getut^ds  will  often  remove  doubt ;  but,  if  not,  a  few 
"ulphiir  Ijaths  will  nsiuilly  prove  a  successful  means  of  diagnosis. 
I*»tyri;i8is  rose.i,  an  eruption  now  well  rocogniswl,  so  closely  resetnblcs  a 
**coii<lrtry  HVphiiitic  rash  that  it  is  unsafe  for  evcti  the  most  practised 
olwerver  to  make  a  diagnosis  without  attention  to  the  history  and 
wxicomitante.  Mistakes  in  reference  to  this  eruption  are  frequent,  for 
•t  occurs  most  often  in  young  adultJ* — precisely  those  most  likely  to  ho 
*w«p©ct«d  of  venerea]  affections.     The  suddenness  of  ita  onset,  its  grt^it 
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abundance,  un<l  iU  com|>arative  sameness  of  tyj>e  are  uU  M6tk 
iliugnosis,  but  they  must  bo  corroborated  by  the  entire  alinence  of  i 
gymptoms. 

Nuxt  to  thiit  of  the  oxunthem  itself  comos  the  diagnosis  of  the  rf 
of  gruptioiK  which  often  oceur  between  the  secondary  and  the  let 
e[>ochs.     In  these  tbei'e  is  rarely  any  copious  outbreak,  nsnidly  or 
few  isolated  patches.     These  are  most  commonly  met  with  in  the 
of  the  handfl  or  soles  of  the  feet,  or  on   the  front  aspects  of  tho 
arms  or  legs.     They  are  almost  always  dry  afid  attended  with  pecli 
the  epidermis.    Ver}'  frequently  there  are  small  sores  in  the  mouth 
tlie  tongue ;   at  the  same  time  a  foi-m  of  acne,  chieMy  iiffecting  the 
he:ul,  and  IcaWng  little  pita  or  scars,  is  very  often  Been  in  this  si 
iritic  adhesions  be  present,  or  if  there  be  pits  in  the  skin  of  the  fact 
trunk,  left  by  a  fonner  r;t«h,  the  suspicion  is  much  strength etie<l. 
suppurating  and   thick -crusted  eruption   known  .-is   Unpia   often 
at  this  period,  but  rai-ely  at  any  great  distance  of  time  from   those 
distinctly  secondary  type.      It  is  usually  symmetrical,  and  Icjivm  Lrhii 
it  the  nnind  and  superficial  cicatrices  so  well  known  as  **&hilling"  scan 

Ijistly,  we  must  consider  the  recognition  of  the  various  dt 
which  come  into  the  category  of  tertiary  stfrnptoim.  When  the*e 
it  is  often  many  years  since  the  patient  has  su^crad  from  any  othei 
it  is  quite  possible  that  he  may  appear  to  bo  in  evcellent  hi'jdth. 
of  the  tertiary  symptoms  have  l»een  >«>  lon^f  recognised  in  reliilion 
iheir  true  cause,  ami  are  so  rarely  mot  with  in  connexion  vnih  any  ot^ 
that  in  themselves  they  almost  constitute  their  own  diagnosis,  and 
also  help  us  to  that  of  more  ol>scure  lesiuiis.  Periostejil  swellii 
nodes  are  the  chief  of  thiise.  To  speak  generally  rospcLting  other 
we  may  say  that  the  diagnosis  must  be  founded  in  [»art  u] 
jwitient's  jirevious  history,  in  part  uitou  any  still  existing  rcmni 
foiTtier  dtscn.<ie — such,  for  instance,  as  iritic  adhesions— and  in  part  a] 
the  peculiarities  of  the  symptoms  themselves.  As  regaixls  the  patu 
antecedents,  I  may  just  remark,  hy  way  of  Cjiution,  that  we  mt 
lijustily  assume  that  he  is  syphilitic  beauisc  he  tells  us  that  he 
the  venereal  disease.  A  soft  chancre  with  its  suppurating  bill 
even  iin  attack   of  gonorrhn-u,  although   lioth  »tf  tlu;ni  t|uitn  innocofll 
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rcgjirds  constitutional  infection,  often  Icavf  more  viWd   impressions 
the  [Mitient's  mind  tlum  do  an  indunited  sore  and  its  exatitheni.      Tfc 
who  are  most  reiuiy  to  suspect  in  thumselves  a  venorcjil  cause,  are 
those  who  have  never  had  true  syphilis  at  all.     If.  however,  thei 
clear  history  of  a  chancre,  followed  by  secondary  rash,  sore  throjil. 
forth,  then  wo  have  ohtained  fucts  which,  whatever  may  be  the 
ailment,  may  be  safely  |>ermittefl  to  guide  our  treatment.     The  majoj 
of  tertiary  lesions  are  by  conventional  usage  reganlud  nilhcr  as  siu 
than  mcilical,  and  it  would  be  out  of  place  here  to  speak  in  detail 
tliagnosis  of   ulcers,   gummatous  tumours,  and   so  on.      I    may 
retmirk   that  the  serpiginous  form  i>f  ulceration,  heiding  in   the 
and  spreading  at  the  margin,  is  a  feature  always  to  be  regardodi 
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licion;  ftwl  I  HiAV  repeat  that  ttimoura  in  muscle,  which  will  wholly 
havay  under  the  iiiHiience  of  the  iuclide,  are  soiTietini<*«  as  hani  and 
tla&neU  as  luiy  varioly  of  roaligmuit  growth,  arid   huvo  oftfln   let!   to 

operations. 

In  cues  of  (UB«ase  uf  tlie  nervous  system  in  which  syphilis  is  sus 

pK^^fl,  All  exHininatioii   of  ihu  (mtient'g  eyes,  throiLt,  tonpio,  ami   til>i;is 

thoujil  never  )>e  omitteii.     The  cxisloiicc  of  irilic  aiihesiont*,  of  aciirs  of 

IbrfeofE  pii.Ut<!,  or  of  ptirio8te.'il  uottes,  will  often  decide  the  (|uestion.    The 

oecuirenee  of  ncK^ttirnal  exactirha lions  of  pain  also  is  utwavH  BUMpicious. 

If  the  disease  implicAib  only  one   nervetnink,  especially   if   only   one 

cmniil  nerve  he  inv<)lv<>il,  the  BU»picion  of  syphilis  l»ecoineK  very  strong. 

-  i  i'lly  a  very  hirjfc  pn^jKirtinti  of  the  casos  of  paralysis  of  the  third, 

iir  1,  lifih,  and    sixth   ntTves,  when    such    jwralysis  affects  only  one 

Btfv^  are  due    to  syphilis,  and  are   ciimhle  by  Hpeoitic  trcjituitwit.      In 

ttw  cases  the*  disonse   is  hardly  ever  symmotrical,  anil  the  paralysis  is 

Muiijr  complete     The  seventh  nerve  is  occusionally  attacked,  but  not 

ft)  (m|tittnlly    as  the   uthor-s.     The    nerves  of   s{woial   ncnse   aro  not  so 

fn)i{iicntly  affci-ted    in   acfpiirc*!    syphilis   as  they  arc  in  the  iiiheriteil 

fwni.      N'pvertholess,    cases    do    occasionally   occur    in    which    blindness 

^th  wliitf.  atrophy  or  complete  dcjifncss  is  met  with  in  the  su)>ject.s  of 

sypbiiitic  taint,  and  without  other  assimilable  cause.      In  these  the  loss  of 

function  is  usually  symmctiical,  and  probably  depends  upon  disease  uf 

ibp  cerehffll  centre  rather  than  on   neuroma  of  the  nerve-trunks.      I  am 

t'>tu«iirc  of  any  ca.sos  in  which  iiai-alysia  of  the  bninches  of  the  eighth 

I^iir  lave  hicen  definitelj*  traced  to  :*yphilis.  hut  no  doubt  such  occur  and 

tiiighl  Ut  recogni.'w.d  by  due  search.      Panilysis  of  hiuj^Ir  ncrve-lrunka  of 

"v  of  the  spinal  plexuses — more  espeowlly  of  those  of  the  brachial  plexus 

nov  and  then  encountered.     It  is  ini[tossihle  to  exaggerate  the 

iwtance  of  headacha  as  a  symptom  in  ca^es  of  tertiary  syphilis,  and 

ly  in  those  attended  by  other  atfections  of  the  nervous  system. 

Hiichi'.  if  new  to  the  (Mitient,  and  pjirticularly  if  severe  and  nortnnud, 

Id  tdwjiys  be  allowed  to  imply  thf;  necessity  ftir  prompt  and  oltit^jent 

measures.      If  not  caused   by   actual   nieningcid    itdhimmatioii, 

»  may  l*e  due  to  arterial  disease,  and  may  bo  [jremonitory  of 

ilKttia  and  paiiilysis-     A  few  doses  of  antipyrin  and  aspirin  may  Iw 

1.  Init  ure  not  t*)  be  tntstc^I  unless  inimerliat^;ly  effectual. 

The  Biagrnosls  of   Inherited  Syphilis  nwts  on   somewhat  difTorent 

*'*^      Indeed,  the  whole  course  of  th(!   disease,  when   transmitted,   pre- 

******  some  remarkable  fattures  of  ditrerence  which  I  have  endeavonretl 

'J.  '>Hng   into  clem-  contrast  in  the  appended  t^ibidar  [Kirallel.      (Sec  p. 

'^-)     Some  locftl  lesioHs.  not  infrequent  in  those  who  have  inherited 

•  t«int,  occur  with  extreme-st  nirity  in  those  who  have  ;u:<piire<l  it,  as 

^  itutanee  interstitial  kenilitis.     Others  present  im]X)rtaiit  modttications 

^hanicter  ;    thuif  when   periosteal  nodes  occur  in  children,  tiiey  are 

"'-h    more    extensive    than    they    usually    are    in    adults.       S|>eaking 

'^^"Ji-aily,  the  so-cidled  "tertiary"  symptoms  of  inherited  syphilis,  how- 

*"*»*  loug  the  iiitei-vftl  of  hitency  may  have  been*  are  for  the  most  pftrt 
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aynimetrioal.      We  have  seen   that  those  of  acquired  s)^)hili5  are  bol 
rarely  m. 

The  early  stagea  observed   'u\  the  course  of  inherited 
for  the  raost  jKirt  similar  to  thoso  of  the  acquiroil  form. 

In  the  infantile  period  we  recognise  syphilis  by  the  peciiliaritjr 
certain  single  Bymptoms  ;  or,  more  fre<|uently,  and  with  j^rtrutcrccrtfiintT 
by  the  peculiar  grouping  of  several  different  symptoms,  ! 
importance  is  the  rasli  on  the  skin.  The  rashes,  iis  in  accpiireii  -^ 
may  vary  much  in  their  character,  hut  the  commoneat  are  the  Piytb«in 
atous  and  the  papular.  If  it  he  erythema  the  redness  will  shew  it«l 
in  abruptly  margined  pat^he-s,  and  will  be  chamcteriscfl  funlier  Ir 
its  peculiar  rod  or  coppery  tint,  compared  by  some  authors  to  that  o 
the  lean  of  ham.  Sometimes  we  see  instances  of  dry,  sady  rasbei  ti 
infants,  hut  these  are  rare.  Pustular,  vesicular,  and  bullous  raabei  tr 
also  not  infrequently  witnessed.  Condylomas  at  the  amd  orifice  »r 
common,  though  less  fre()uent  during  the  first  few  months  than  at  Ute 
periods.  At  the  same  time  as  the  rash,  the  little  jiatient  almost  alwiy 
displays  the  characteristic  .sign  known  ae  "HnufHes,"  and  there  i 
usually  inflammation  of  the  mucous  membrane  of  the  mouth  and  aoreaa 
its  anglos.  Iritis  occurs  in  a  few  case^^,  ha.s  similar  tonduticies  to  iboB 
seen  in  the  acquired  form,  and  is  equally  under  the  influence  of  jj«ifi 
treatment.  U  occurs  also  at  the  same  stage,  always  amongst  the  secomUr 
symptoms.  Inflammation  of  the  deep-seated  structiu-es  of  the  eje— <! 
the  vitreous^  retina,  choroid — are  as  fretpient  as  they  are  in  the  arJul' 
and  present  the  SJime  characters.  In  i*ome  ciises  there  is  a  slight  forin  *. 
diiriuse  periostitis  of  the  skuUdiones,  and  more  rarely  inflanmiation  fll 
occur  at  the  junction  of  the  epiphysis  and  shaft  in  man}*  long  bones.    ■ 

During  the  stage  of  outbreak  of  the  exanthem,  which  laste^  on  ifa 
average,  from  the  fourth  week  to  the  sixth  months  the  child  iRvnmes  fn» 
ful,  pale,  and  emaciated  ;  growth  is  for  a  time  arrested,  and  the  shrivelle 
face  reseuiblt's  that  of  an  old  maiL  Kmaciation  is  certainly  the  niltf,  b» 
it  ha»  many  marked  exceptions,  and  wc  often  see  sy[>liilitic  infanlii  wfcl 
are  fat  and  plumj>  and  look  remarkably  well.  J 

At  or  about  the  age  of  one  year,  if  the  child  have  survived,  itisi^l 
for  the  secondary  symptoms  to  disappear  entirely.  A  period  of  lit4yic 
now  ensues,  during  which  the  child  often  enjoys  very  good  liealt. 
Sometimes  relapses  occur,  and  such  subjects  are  e8[>ecial]y  linble  to  1 
all'ectud  by  c(Mid>loma.  Tliese  relajtses  sciircely  ever  involve  a  rol*^ 
of  cutaneous  rash.  I  think  that  all  o1>server5  will  l)ear  me  out  in  tJ 
RUitvtnunt  that  tho  characteristic  rashes  so  often  seen  in  8V])hilitic  in^l 
are  never  witnc5.s*'d  at  later  periods  of  life.  ■ 

At  or  after  iht*  ageof  puberty  the  recognition  of  the  existenceof  inherit 
syphilis  may  sometinici^  be  mad*;  with  grwit  certjiinly  ;  at  other  times  >* 
surroumled  l*y  ditticulties.  Our  most  valuable  aids  are  the  endenoc* 
past  disease,  more  especially  of  the  inflammations  which  may  b« 
itccuned  in  infancy.  A  stuiken  bridge  uf  the  nose  caused  by  the  Ig 
continuerl  swelling  of  the  nasal  mucous  membrane  when  the  )>on«« 


cnfi,  a  Akin  marked  by  little  pits  and   linear  scnrs  cfi]>i'cially  near  the 

anglex  of   the   niuuthf   the   relicK  of  an   tilcerating  eruption,   and   pfo- 

tqti«nnl   fmnUil    cniinmice8    cunHe<inent    upon    infantile    jHfrinstitia,   are 

nmmij^rt  the   puints  which   go   tr»  nuikc  up  wlmt   wo   recognise  as   the 

^  pliilitic  physiognomy.      Addetl  to  them  we  have  vtry  vaiuaWe 

•  il  hy  the  almpu  of  thr  incisor  teeth.     In   these  patient*i  it  is 

virnr  conmmn    to   fin<l    all    the    inciaor    tcoth    dwarfed    ixtnl    malforaiud. 

.Sometlmefi  the  canines  are  affected  aUo.     These  teeth  are  often  narnjw, 

rounded,  and  p«'g-tike ;  their  t^d^en  are  jsj^ged  and   notcheil.      Owiiifr  to 

rtftr  inmHiiesH  their  side?  do  not  touch,  and  interspaces  are  left.      It  is, 

bwever.  the  upper  ceniml  incisors  which  arc  the  most  trustworthy  Inr 

pirpom  of  diagnosis.      When  tlie  other  teeth  are  atl'ectcd,  these  vexy 

"•Hjr  escape :  very  often  they  are  malformed  when  all  the  others  are 

"f  Itirly  gooil   eliiipe.      Tlie   characteristic   malformation   of   the   up})er 

<viitnil  incisors  consists  in  a  dwarfing  of  tlie  tooth,  which   Is  usually  both 

NwTow  and  sliort,  and  in  the  atrophy  of  it«  mi<Mle  lobe.     This  atrophy 

wta  a  sin>;1e  lM*nad  notch  (vertical)  in  the  e^lge  of  the  tooth  ;  and  some- 

(rom  this  notch  a  shallow  fnirow  pa.sses  upwards  <in  both  antei*ior 

'^  poiterior   surfaces   nearly   to  the  gnni.     This   notching  is   usually 

7>ujnetrical.     U  may  vary  much  in  de^ee  in  diflerent  cjtaes  ;  sonietimea 

lie  teeth  diverge,  while  in  others  they  slant  towards  each  other.     Fig.  6 

'^Ustrates  a  jajood  exanipl*»  of  the  deformity.      In  any  case  in  which  the 
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nuUforrDaiion  is  as  marked  as  in  this  sketch,  no  hesitation  need  l>e  fell 
in  fin>uouneing  the  ix)eses8or  of  the  teeth  to  lie  the  subject  of  inherited 
•yphili«  even  iti  the  abHence  of  other  testimony.  I  have  never  yet  seen 
*uch  teeth,  excepting  in  patients  of  this  class.  In  the  majority  of  cases, 
Boweter,  the  condition  of  the  teeth  is  sutRcient  only  to  excite  suspicion 
•^nd  not  to  ih?cide  ihe  rliu^nosis.  In  a  few  rare  caaes  only  one  of  the 
•^Plier  cetttnd  incisors  is  malfoi-nu'd,  the  other  bcin^  of  natural  simp*'  and 
"**•      A  good  instance  of  this  state  of  things  is  shewn  in  Fig.  7. 

Ill  ft  considerable  ninnher  of  cases  of  heredito-)sy]>hilis  the  teeth 
^new  110  de^Hation  whatever  fi*om  the  normal  standard,  and  in  such 
'"''  tlin^(»aia  nutst  Iw  based  on  other  conditions.  In  addition  to  the 
|»^ciiljiu*  malformations  alwive  described  and  ilUi8lrat<!d,  there  are  others 
*mcn,  although  less  chai-acteristic,  are  yet  very  vaUuible  to  a  trained 
observer.  They  do  not^  however,  adniit  of  description  without  great 
'^k  of  misleading  the  reader.  Before  leaving  tlie  subject  of  dental 
""•"orrnations  I  may  again  point  out  that  it  is  orUy  in  the  permanent 
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set    that  any   pcculiiinties  are  observcil.      The  iit*6t  at*t  ura  MM 
prenunure  decay,  but  are  not  malformed. 

Ill  iulditioii  tti  the  pecnlJ&iiiioK  of  physiognomy  and  the  m 
of  the  teeth,  the  diagnosis  may  1k>  much  heljied  by  observii 
of  the  eyes  an<i  of  the  bones.  If  there  be  e\*i«lences  of  puat  irili.*,  or! 
there  l)e  nmrginid  cloiidft  in  the  aubstiince  of  the  corneas,  the  rn^itdts  of  |«a 
kemtitis,  or  especially  if  the  corneas  be  now  attacked  by  this  pec 
infliimmation  in  its  acute  stage,  very  valuable  evidence  will  have 
obttine*!.  Thp  phenomena  of  syphilitic  ker:Uitis  in  its  acute  stage  u 
peculiar  and  easily  n.«cognised.  lioth  eyes  are  iisiially  affccle*!  al  t^ 
same  time.  Thr  corneal  ti^swie  Ijeconies  very  extensively  opiM^ue  h 
effusion  of  lymph  into  its  substjince  ;  its  tint  may  vary  from  tl 
ground  glass  to  a  red  salmon  colour.  There  are  no  idcei*s  in  its  sni 
A  zone  of  ciliary  congestion  is  usually  well  marked.  \N'h)Ut  lhedi4 
is  at  its  height  tliu  jiaticnL  is  often  for  several  months  praciically  blinc 
The  intolerance  of  light  is  usually  considerable.  After  the  inflamraftiin 
hiis  passed  away  the  cornea  usually  clears  in  a  nios^t  remarkable  iiwntic 
but  it  rarely  regains  such  i)or(ect  tmnsparency  that  the  cxperierK*: 
observer  catmot  detect  tnices  of  what  luis  taken  place.  These 
consist  in  a  somewhat  dunky  and  thin  sclerotic  in  the  ciliary  regii: 
ill  the  presence  of  slight  clouds  here  and  ihore  in  the  eorne4d  siibsi 
there  being  no  scars  in  its  surface.  The  difference  between  those  inM 
stitini  ciuiuU  and  ordinary  IcwcomJis  is  eiisily  observed. 

In  a  few  eases  the  existence  of  nodes  on  various  long  1>oncs  nuy] 
us  to  a  diagnosis  ,  ^n  others  we  may  obtain  aitl  from  finding  tl 
patient  hm  become  deaf  without  otorrhtrji,  or  that  ho  is  |utrtially 
from  choroiditis.     AVhat  are  known  as  P/irrot's  bosses  are  low  eluvi 
on  the  ]i;u'ieud  eminences  caused  by  infantile  periostitis. 

Witli  rL\;,'artl  to  the  genera!  anest  of  development  [infantilis 
hci-edito-syphilis,  I  may  remark  tliat  it  is  a  wry  untrustworthy  ii 
tiun.  In  a  few  cases  this  taint  ilwarfs  the  whole  l>ody  in  a 
roraarkable  manner,  b\it  in  most  cases  no  retardation  of  general 
is  observalile.  A  (wilc  complexion  is  almost  always  met  with. 
exceedingly  rare  to  meet  with  a  ^twd  llurid  complexion  in  a  young  ad! 
who  is  the  subject  of  this  taint.  Wc  dn,  however,  mory  now  and  tl 
see  a  physiognomy  whiih  neither  in  sha|)C  of  features  nor  in  colour 
cheeks  and  lips  furnishes  the  slightest  clue.  I  have  met  with  arrest 
sexual  development  in  one  or  two  instances.  In  one  of  these,  a  you 
woman  who  was  under  the  care  of  Dr.  Hugblings  Jackson  in  the  Lond 
Hospital,  there  wjls  such  an  entire  absence  of  all  sexual  characi 
that  I  could  not  but  suspect  that  the  ovaries  had  been  deatroyi 
syphilitic  inflammation  in  early  life. 

CONTRASTKP    PAHAt.I.KI.   IJKT^VRKN    TIIK   PofRSK   OF  SYMPTOMS 

AoiMKKti  v\M>  Inhkritkd  Sypkius 

I  have  endeavoured  in  the  following  tabular  statement  to  com] 
ciearlv  as  I  can  the  resemblances  and  differences  in  the  course  of  9\m] 


from  acquired  or  from  inherited  tainL     To  some  of  these  I 
]y  incidentally  alhided,  and  i-especcing  the  others  tlie  statements 
table  will,  I  tnist,  explain  themsolvos  : — 


ff   St^itfe.  —  T^ocal    or 
I  of  inoculation. 
■DVbich   may   have 
Pfrtnut  Bluo8t  from 
fitfl,  clous  not  uKsuiiit* 

(eristic  feature*  un- 
ite end   of  .1   month. 

T  remnin  for  a  fort- 
t  to  -nx  montlio. 
ty   ^ift. — .Systemic 

D  the  111  »iAge. 

cuniiueiK-es  within 
tevksur  Iwu  nionlhHof 
oculution^  atid  if  not 
«J,    may     last     fruin 

to  six    month?   or 

Lir    transitory*,     und 
OBUfilly     disapj^ear 
nxt  ireutment. 


Fiaije. — Stage  of 
or  of  relapses, 
may  be  said   t*> 
BliCii  ar  from  a  year 
And  a  lialf  after 
ion.  and  to  ex- 
period  which 
"vary   from    tlireo   to 
lien,  or  even  twenty 
It  passes  insensiblr 
le  tertiary  stage. 


ACQriRED    DlHEA.SK 

An  ulcer  (chancre)  usually  with  indurated 
haae.  Indurated  lymphatiu  ;;land8.  Induration 
is  to  l>e  reganletl  a?  tiie  earliest  proof  of  in- 
fective inoculation,  but  it  is  not  infrequently 
abwut  tliruiighuut- 


Febrile  di«tur)»niice,  malaise  and  muscular 
pains.  Slight  ent^urgement  of  lymphatic  glands 
iu  many  parts.  A  symmetrical  and  usually 
copious  eruption  on  the  skin,  and  ofU'n  on 
exposed  mucous  eurfaces.  Symmetrical  ulcere 
on  tonsils,  IritiK,  retinitis,  etc.;  Ui>ual)y  syni- 
nictrical.  hoss  of  Iiair,  llc^h,  au<I  strength. 
This  stage  may  be  either  excecdiu].;1y  alight 
or  very  severe.  lUs  severity  appears  to  bear 
proportion  to  the  degree  of  indumtinn  uf 
the  prereilin^  chanrrv.  It  is  often  noticed  that 
the  nwh  coniei*  out  in  successive  ci-ops.  The 
rash  may  also  vary  very  widely  as  to  its 
character,  roseolous,  sealy,  papular,  puslulai-, 
ecthymatous,  et^:.,  being  modified  pmUibly  by 
peculiarity — liret,  in  the  source  of  contagion  ; 
secondly,  in  the  idiosyncrasy  of  tlie  rct'ipienl. 
The  whole  of  the  arterial  and  capillary  system 
may  sutfer. 

The  patient  may  be  cither  wholly  free  from 
symptoms  and  in  good  health,  or  be  may  remain 
jiale  and  mlher  feeble,  and  liable  from  time  to 
time  to  slight  returns  of  eruption  on  the  akin, 
pores  on  the  nnicous  nienibnines,  condyloinaa, 
etc.  Thf  arterial  system  is  Htill  liaMe  to  be 
aliected,  and  various  forms  of  jHindysis  may  result. 
He  i^  protecteil  a«  rejiards  fresh  contagion,  and 
slmuld  he  beget  children  they  are  very  likely  to 
sulfiT  The  relapses  during;  this  ftaat:  arc  usu- 
ally easy  to  distingnifih  from  true  second- 
aiT  flVMijitonift.  Thcix*  is  little  or  no  febrile 
difiturbanit^.  the  rash  is  not  copious,  and  often 
not  syninielrical.  Acute  irili;?,  rt;tiuitis,  etc.,  very 
rarely  occur ;  that  it;,  they  do  not  occui'  for  the 
first  time,  though  they  may  in  the  form  of  relapses. 


A 


110118  01  nerves,  or  even  oi  cereorosi 
inducing  various  forms  of  paralys 
in  liver,  lunga,  etc.  Diseases  of 
system  are  now  less  common.  Pr 
or  no  liability  to  transmit  the  di 
spring.  Protection  against  a  ne' 
incomplete.  All  the  intlammati 
stage  are  remarkably  under  the 
treatment  by  iodide  of  potassium 
to  relapse.  Mercury  is  useful  in  n 
in  all.  Unless  treated,  all  of  them 
gression  and  pemianentdisorganisatl 
attacked,  none  of  them  to  spontanea 


Primary  Stage. 

The  infants  usually  remain 
without  symptoms  for 
from  one  week  to  three 
months. 

Seeofidary  Stage.  —  Systemic 
or  exanthem  stf^e. 

From  the  age  of  two  to  four 
weeks  to  the  end  of  the 
first  year. 

This  stage  is  essentially  tran- 
sitory, and,  if  the  child 
survives,  will  usually  dis- 
appear without  treatment. 


Inherited  Disease 

This  stage  has  been  passed  throu 
both  of  the  sufferer's  parents  withi; 
months  to  several  years  before  the  i 
The  infant  never  exhibits  any  trace 
sore  and  is  usually  free  from  all  t 
the  time  of  birth. 

Inflammation  of  nasal  niucou; 
causing  "snuffles." 

A  symmetrical  and  usually  copi< 
on  the  skin.     Wasting  ;  fretfulnes; 
odour ;  a  withered,  senile  aspect ;  i 
of  the  mouth,  and  condylomas  at 
usually    symmetrical  ;    arachnitis 
effusion  ;    disease  of  liver  ;    nodes. 
of  the  skull-bones  frequently  occurs 
ally.      The  eruptions  which  occur 
those  of  acquired  disease,  chiefly  ii 
moist,  and  in  preferring  the  thighs 
These  differences  may  in  part  be  d 
arities  in  the  skin  of  young  infants 
constant    irritation    from    urine    to 
nates  arc  liable.      Dry   scaly   rash 
Iritis  is  much  less  frequent  than 
but  juHt  as  well  characterised  when  i 

In  infants  this  stage  often  proves 


Stage. — Stage  of 


■(•^  exten<li(  from  tbe 
of  tbe  flwt  year  or 
Been  months  to  rhf 
Id  'IcntJtion,  the  time 
nberty,  (ir  tveii  vcrv 
Inter. 


Stejff,    ur    stage    of 

may  comraence 
!le  iccouii  deiitittoii, 
time  of  puberty,  or 
U  much  l;it«r.  It« 
U  14  quite  judoti- 
ftuJ  ite  PTrnptoms 
wcaliar. 


The  paljeot  will  pi-obaLly  W  wholly  free 
from  active  symptoms,  but  will  ehi'W  viinouK 
iudicationM  of  hia  dinthefitH  in  j^llur  of  «-kiii, 
sunken  noae,  protuberant  forehead,  and  prenia- 
tttrv  I0B8  of  the  upjter  iticixor  teeth.  Sometimes 
tliere  will  U*  a  reiunrkablt-  rt'tardfttjtm  of  growth 
and  ^-nerHl  developiiifnl.  AVhen  t^econd  denti- 
tion occurs,  the  central  upper  inriKors  may  very 
probal-ly  be  malformed.  Unlike  what  happens 
during  this  stage  in  acquired  syphiliR.  we 
scarcely  ever  observe  any  tendency  to  ri;la]*se9 
of  the  secondary  symptom*.  Now  and  tin  ii  «e 
see  condylomas  at  the  anu.i  returning'  durinj^ 
the  liri*t  five  years,  but  tbe  ra^b  of  infuntile 
syphilis  havinjj  oncc  disajipcared,  scarcely  evei 
relapj^cs.  A  certain  dc<:;rce  of  nasul  obftructiun 
8ometinie«  persist*,  but  not  often. 

Most  of  it«  symptoms  are  symmetricftl :  — 
Keratitis  (interstitial;  ;  kerato  -  iritii*  ;  jieri- 
oate&l  nodea  ;  deafness  (not  infrequent) ;  blind* 
neas  (rare);  dtHejiffe  of  liver  and  kidney?; 
phaf^eihi-nic  or  »erpi<iiniHis  ulcer«ti«'ii8  of  skin  ; 
celluhir  nthle*  (rare}.  Prnbably  not  liable  to 
t.rau»uHt  tbe  disease  to  nffspnnp.  Protevlion 
apiim;!'  a  new  contagion  incomplete.  Tbe 
Bymmotry  of  the  Bj-ruptoini-  is  in  marked  con- 
tnisl  with  what  occurs  in  tbe  true  tertiary  Btagv 
of  the  acquireil  difteaw.  The  paralysis  of  single 
cranial  or  spinal  nerves,  so  common  fiom 
ac(|uir«d  i^yphilis,  are  seldom  met  with  in  the 
inherited  form. 

Motituf  the  iullammfttiona  tend,  ittileasai-reated 
by  treatment,  to  periimneut  ftiaur^anitijittoii.  but 
one  (interstitial  keratitit*)  tends  to  recovery  even 
withniit  ti-eatuient.  Tliey  are  much  lefw  ei*BiIy 
intUieiice^l  by  spocifici*  than  tbo«e  of  the 
acr^ujrfi  fli*eiwe.  Diseaw  of  tbe  arterial  Msteni 
and  its  consequences,  so  commoii  in  ac^iuiivd 
syphilis,  are  vei-y  seldom  seen  in  the  subjects  of 
iuherited  taint. 


JuNATBAN  Hutchinson. 


INFECTIVE  DISEASES  OF  DOUBTFUL  NATURE 


MEASLES 

<;erman  measles 
scarlet  fever 
(.'hicken-pox 
small- pox 
typhus  fever 


INFECTIVE  OORYZA 
WHOOPING-COUCH 
MUMPS 

(JLANDULAR  FEVER 
RHEUMATIC  FEVER 


COMMUNICABLE  FROAl  ANIMALS  TO  MAN 

VACCINIA 

FOOT-AND-MOUTH  DISEASE 
HYDROPHOBIA 


CO-EXISTENCE  OF  INFECTIOUS  DISEASES 
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MEASLES 


Synoxyms. — MorbilH  ;  Fr.  litmyeoh ;  Ger.  Ufasern, 


By  Dawbos  Williams,  M.D..  F.R.C.P. 

^EAJiL£S  ia  a  speoifiC}  infcctiou.s,  eiiiptivu  ft^vev,  cbanicteriaed  by  cor)*za 
^'>fl  cnUirb  of  tfac  upper  part  of  the  respiratory  tract,  and  by  a  pociilitu* 
Wotehy  eniption  on  the  skiH. 

Statistics.— The  h'ahilily  of  all  races  of  niankiiul   to  metisles  n)tpuars 

to    be  equally  great.     No  age,  however  advuiiceti,  atforxls  protection,  and 

"<fam8  have  Iwen  born  with  the   rash.      It   is   true   tluit  u  fai*   larger 

AUtntfor  of  caaea  occurs  among  children  4.han  among  adultH,  htit  this  is 

''cotiise  in  civilised  countries  few  individiuds  escape   infection   during 

childhood, 

lu  Great  Britain  about  GO  per  cent  of  the  deatha  from  mcafiles  occur 
'»»  children  under  two  years  of  age,  about  90  per  cent  among  those  under 
fiv'e,  and  about  US  ptr  rent  among  those  under  ten.  The  mortality  under 
^»3c  months  of  age  in  comparatively  small,  and  it  is  probable  that  about 
***»^  the  indi\iduals  who  die  of  this  diaoaao  are  children  between  the  ages 
*^^  six  month.'!  and  two  years.  Pei*son8  ap|H;ur  to  be  attacked  with  etjual 
ife^^noncy  at  all  ages  in  isolated  commiuiilies — such  as  those  of  Fiji  jmd 
^'  ttie  Fiiroo  Inlands — into  which  the-  infection  of  measles  is  introduced 
■or  the  first  time  or  after  a  lonj'  interval. 
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CA<rf  4.— The  mean  fine  represents  an  average  weekly  number  of  34  deaths, 

Fifty  yi'oiM  IMl-'.'U. 


tmt  Annual  SvMMtrti  I 


Istiifol  |iy  tlitt  H<-si«tniMidi<-i-«L 


"Tho  statistica  of  the  Registrai'-Genend  shew  that  measles  in  England 
W:dea  attains  a  maximum  at  two  peritHls  in  each  year — in  June  and 
^'"1-  II.— Kr.  I  3S5  2  f 


December ;  but  there  nre  also  years  of  epidemic  provalenco,  when  th 
morUlity  reaches  an  exceptionally  high  level.  Dr.  M'hitelegge  states  tti 
ill  English  towns  the  interval  between  these  epidemic  oulburste  is  usiuil; 
about  two  ycjirs,  but  that  it  i^  occasionally  six  months  more  or  six  month 
less — rlue,  as  he  suggest:!!,  to  the  fact  tliat  the  seajMnal  (iirve  «h«iii 
tvro  maxima.  Ue  believe?,  also,  that  there  is  distinct  evidence  of  ti 
epidemic  wave  of  longer  period,  recurring  at  intervals  of  about  ten  ytan 
when  a  very  high  mortality  is  produce*!.  He  points  out  also  that  ii 
populous  places  the  fatality  of  measles  may  hccome  gmdually  greste 
thrnu;^h  a  series  of  epidemics,  until  a  rate  double  or  treble  that  of  Uk 
ordinary  seasonal  maximum  is  reached. 

The  case-mortality  of  measles  varies  much  in  different  epidemics,  ui 
ill  relation  to  the  Jtge,  previous  stiit^e  of  he:ilth,  and  sanitary  surroiuHling 
of  the  patient.  The  mortality  from  this  cause  among  children  in  (ouzuUin 
institutions  may  reiich  an  enormous  proportion  :  thus  in  the  Hospice  dt 
Enfants  Assistds  in  Paris  t])e  deaths  i-eached  an  anntud  average  of  44  p( 
cent  in  the  four  years  18S2  to  188.5  (7). 

While  It  is  true  that  there  is  evidence  that  the  severity  of  the  discoj 
itself  vanas  in  different  epidemics,  a  much  more  important  factor  appoa 
to  be  the  goodness  or  batlness  of  the  hygienic  conditions  under  which  i! 
children  are  placetl.  Chief  among  the  r-auses  of  a  liigh  mortality  a 
overcrowding  and  insufficient  ventilation,  which  fuvotir  respirarory  oat 
plications,  especially  bronchopneumonia.  The  mortality  in  the  Ptt 
institution  already  mentioned  ha-t  Ixten  reduced  at  least  one-half  1 
flvstematic  isolation  not  only  of  the  chiMren  suffering  from  mwiAlos*  h 
also  of  children  sutfenng  from  measles  complicjited  by  bronchopnounion 
from  other  children  with  measles  but  not  presenting  this  complicfttio 
In  an  epidemic  of  a  mild  type  the  mortality  among  children  truated 
home  may  he  almost  nil  ;  though  the  deterioration  of  health  due  to  i. 
dii^ease,  and  in  particular  the  special  liabiliti'  to  the  development  of  fa) 
tuberculosis  which  It  proiluces,  exercise  some  influence  in  iniMPiiJiing  t 
death-nite  of  n  district.  The  mortality  of  ])ersons  attacked  with  mrasl 
varies  greatly  with  age.  It  is  highest  between  the  ages  of  six  tnont 
and  two  years,  and  falls  rapidly  after  the  fourth  year.  Ronocfa  hi 
among  hospit^il  cases  a  mortality  of  55*5  per  cent  among  133  childr 
under  two  years  of  Jige,  and  of  9'5  |>er  cent  among  1  Gl  children  over  U 
years  old.  Gannelon's  statistics  from  the  Haspice  des  Knfants  AsBist 
are  as  follows  : — 


0-6    months,  23-68  per  cent 
6-12        „       57-77       „ 
1-2  years,        53-94       „ 
2-3     .,  27-73       .. 


3-4    yean,  13-66  per  cent 
4-6        „        620       „ 
6-10     „        24 
10-21      „         00 


I 


Kmbden,  <turing  an  e])idemic  at  Heidelberg,  had  among  cases  treat 
at  home  a  mortality  of  14  per  cent  in  children  one  year  old  or  undt 
7'5  per  cent  in  children  from  one  year  old  to  four,  and  3'3  per  oe 
from  four  years  old  to  thirteou.     The  main  catise  of  th«  high  mortali 
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m  huopttAls  among  children  under  four  years  old  is  broiicbopnetuaonia  ; 
tboogh  the  occurrence  of  memhranuus  phur^'ngiliH  or  laryriintia  ia  also 
THponsible  for  a  lirge  number  of  deaths  {v'td^  also  vol.  i.  p.  04). 

Palhologry. — The  mo<le  in  which  the  infection  of  measles  is  cofitracted 

ii  m  most  coses  personal  intercourse.     The  infection  ia  pcrhaj)K  greatest 

during  the  earliest  aUge.     It  is  present  at  the  onset  of  the  prodroninl 

lymptoms,  po««bly  even  a  little  earlier,  and  persists  down  to  the  time 

lien  the  rash  fades.     Thereafter  it  declines  rapidly.     Though  infection 

toy  be  derived — eepccially,  perhaps,  if  desquamation  be  well  maiked — 

irom  a  person   who  has  recovered  sufficiently   to  resume   his  ordinary 

tion,  it  is  mrcly  that  infection  can  be  tniced  l^  a  convalescent 

than  three  weeks  after  the  commencement  of  his  attack ;  though 

infoctioii  may  persiHt  lonjE:;er  in  complicated  casoa.     On  the  other  hand,  it 

*  probably  as  great  on  the  first  day  of  the  prodronjal  symptoms,  oven 

•^gh  these  be  slight,  as  at  any  subse«juent  date.      Though    not    iii- 

fr'-*iUcii:ly  fi^nx'cyed  by  clothes,  it  ia  seldom  rctainu<l   Irttig  by  fomilca  or 

iJ'vnsik     Though  it  is  highly  probable  that  measles  is  due  to  a  specific 

iiurro-urgHnism  its  nature  is  as  yet  unknown.     The  intportuiit  part  played 

*!>'  infectivn   organisms   in   the   couiplicatioiiB,   which    are  in    the   main 

'*TK>Mible  for  the  mortality  of  measles,  will  bo  considered  subsequently. 

The  eruption  is  pi'oduce<l  by  congestion  and  leucocytic  infiltration. 

The  inBltmtion  is  gn-sitoat  about  the  vessels,  the  selwccous  glands,  niid 

tbe    sweat-glands.       When   the  congestion   is  sufficiently  intense,  small 

luptoorrhiiges  may  occur  into  the  derma  or  BuI»cuUineou8  tissues.      There 

»•  alio  some  infiltration  into  the  superficial  papillary  layer.     Localised 

oAloid  degeneration  of  the  cells  may  ensue,  producing  the  false  appearance 

a!  »  vesicle  crowning  a  papule  produced  by  the  intense  congestion  alxiut 

ibe  centre  of  degeneration. 

ll  i;^  difScidt  to  distinguish  the  visceral  lesions  due  directly  to  the 

iaiection  of  measles  from  those  prtHluced  by  secondary  infections.     Ilie 

oUnrrii  of  the  mucous  niembrario  of  the  eyes,   nose,   mouth,   phar}'nx, 

hrvDi,  and  bronchi  favours  the  development  of  secondary  processes  due 

to  infection — in  the  mouth,  nose,  and  larynx  by  pyogenettc  organisms,  in 

•Ihj  Jungs  by  the  various  organisms  associated  with  pneumonia,  and  in 

'wlarj-ax  bv  "  <liphtheria."     The  bronchopneumonia  does  not  diflcrfrora 

'^'1**   not  Hecfinfhiry  to  mejLsIcs,  except   iK^rhajw   by  the  giealer  rapidity 

»Kli  whifh  it  develops,  and  a  greater  tendency  to  the  formation  of  pus. 

^^il  and   3Sal>es  have   described   a    special    form  of    pneumonia   the 

P^niHxy  lesion  of  which  ap[}ear&  to  bo  an  intlammation  of  the  lyniphatres 

^"  inieralveoUr  connective  tissue;  fibrinous  exudation  occurs  at  first  in 

'^••o  situations,  and  invade-s  the  alveoli  later.    On  account  of  this  |)e<>uliar 

^*^**^^Viution  it  is  held  that  thi.*  form  of  pneumonia  is  due  to  the  primary 

^jifection  of  raejtales.     The  exudation  it  produces  undergoes  granular  and 

«eii    fjiny  ilegeneration,  leading  to  the  formation  of  caseous  areas  which 

^^uiate  tuberculosis.     Tuberculous  disease   of  tlie  lungs  is  found  in  a 

8®  pty?portion  of  children,  over  five  years  of  age,  who  die  some  little 

Weeks  or  months — after  the  onset  of  measles.     In  some  of  thofio 
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cases  there  is  true  miliary  cuberculoeis,  which  may  invade  xiot  only  tht 
lungs  Ijut  also  the  spltion,  meningea,  nnd  other  organs ;  in  others  then 
is  tubcrciiluus  caseation  of  the  hinnohial  gUnds,  or  casoous  areas  in  thr 
lung,  though  these  are  often  matjked  by  allend^mt  bronchopaeumonia. 
Inflammatory  engorgement  of  the  bronchial  lymphatic  glands  is  thu  nile, 
and  some  simple  chronic  enlargement  may  persist,  though  cuberculooft 
adenitis  is  probably  the  more  common  sequel. 

Incubation. — Tlie  interval  between  exposure  to  infection  and  the 
onset  of  the  prodromal  symptoms  is  usually  ten  days,  but  may  be  as  shon. 
'us  five  or  i^rhaps  four  days.     On  the  other  hand,  it  may  be  as  long  »& 
fourteen  dayi),  in  which  ca.sc  the  rash  would  not  appear  until  ibc  scvea- 
tecnth,  eighteenth,  or  oven  the  nineteenth  day  after  infection.     Though 
the  period  of  al>out  fourteen  days  from  ex]X)suro  to  the  appfiarance  of  the 
rash  is  that  met  with  in  the  vast  majority  of  cases,  it  is  important  to 
[recognise  that  it  may  l>e  four  or  five  days  longer,  since  such  excepuoti&l 
Lsos  must  be  taken  into  accuunt  in  estimating  the  porio<l  for  wliich   n 
susceptible  person  who  hjis  been  exposed  to  infection  should  bt*  isoliita*  1 
from  other  persons  who  have  not  had  the  disease.     An  interval  of  a  full 
fortnight  must  be  allowud  ;  and  at  the  end  of  that  time  the  person  mu£rt 
be  free  from  fevor,  catarrh,  and  photophobia  before  it  can  be  said  rSim^ 
ho  has  oscajjed  infection. 

Symptoms. — ProdroituU  Simje. — From  eight  to  ten  days  after  exporar-*^ 
to  infection  the  patient   begins   tn   suffer  from   catarrh  of    the  muc 
membranes  of  the  eyes,  nose,  pharynx,  and  larynx.     The  lemperatup'    -   " 
raised  (102'^  to   104''  F.),  cough  is  troublesome,  but,  beyond  a  htil** 
.scattered  sibilus,  examination  of  the  chest  reveals  no  physical  signs.     Th  *^ 
;e  is  puffy  and  jwle,  or  a  Uttle  dusky.     The  eyes  wat<jr,  the  scleroti  ^ 
is   injected,  and   the   [lalpobral   conjunctiva   red  and   swolWn  ;    there  i^^ 
some  photophobia,   it  may  be  much.      A  thin,   watery  fluid,  discharger^ 
from  the  nose,  irritates  the  up^Hir  lip ;  the  voice  and  cough  are  bonr- 
the  tongue  is  covered  by  a  white  fur,  its  edges  are  retl,  and  the  papiU.. 
enlarged.       The  mucous  membrane  of  the  mouth  and  pharynx  is  red, 
(LHlematoua,  and  tose^  its  jxilish.      In  a  large  proportion  of  cases  during: 
the  pivxlromal  stage,  and  usually  first  on  the  second  day,  certain  character- 
istic  spot«  may   Iw  obsened   on   the  buccal   mucous   membrane.     Tbej 
should  \Hi  looke<t  for  on  the  cheeks  opjioaite  the  moUr  t«eth,  and  Cijnsisl 
of  minute  opalescent  sjiots,  white  with  a  taint  bluish  tinge,  with  a  red  or 
pink  areola.     Their  characters  can  only  be  I'ecognisod  in  a  white  light, 
diffused  daylight  being  best,  and.  when  found,  api»ear,  accoi^ing  to  Bin^. 
the  hitest  writer  on  the  subject,  to  Itc  p.itbognonionic.     They  wm*  fiml 
noticed  by  ilindt  at   Samsoi'  in    Denmark,   but  the  crerlit  of  drawing 
genend   attention  to  their  duignostic  import^ince   belongs    to   Knplik  of 
New  York,  and  they  are  often  spoken  of  hb  Koplik's  spoU  or  sign.     The 
areola  aronnd  o»ch  spot  gradually  enlai'ges,  until  by  a  coaluscener  the 
mucoiw  membrane  becomes  generally  red,  closely-set  with  the   minoU' 
opalescent  spots.     The  oiralescence  appears  to  be  due  to  local  coUectioDs 
of  oedematous  epithelial  cells,  and  the  spots  usiuilly  disappear  soon  after 


t^  tme  of  the  appearance  of  the  eraptdon.     Opinions  differ  as  to  the 

*ijtisuuicy  of  tliift  aigii,  but  Holt,  in  a  scenes  of  187  cases  in  one  eimlemic, 

fnuwl  the  spotfl  in  1G9  casofi,  cloubtfully  present  in   10,  and  absent  in  H 

oiilj.    In  51  patienU  the  sign  was  noticed  one  day  before  the  nwh,  in 

^Stwodnrs  before,  in   4  three  days  before,  anti  in   2  five  days  before. 

Ill  S  caics  they  were  not  seen  until  after  the  skin  eruption,  and  in  78 

QIH4  fever,  rash,   and    KopUk's    spots   were   all    present   at   the   first 

oWrstion.      In  one  case  only  were  the  HjHjts  seen  in  a  case  in  which 

w eruption  was  observed,  bnt  this  juitient  had  Iwen  exposcti  to  eniplion 

•nd  hwi  ]irolonge<l  fever.     In  only  one  cjuse  were  the  fipot«  seen  l>efore 

*ny  eji'vation  of  lempemture.     The  a8|Tect  of  the  child  in   the  pT-odromal 

<»ffe,  if  not  entirely  characteristic,  is  at  least  extremely  sn^estive.     On 

^  second  dfiy  the  tempetitture  is  higher,  the  secretion  from  the  nose  and 

awo-pbarynx  ia  muco-purulent,  and  the  glands,  especially  those  behind 

•ttd  hmeath  the  lower  jaw,  are  enlarged  and  tender.     An  eruption  of 

c*o»ly-«et  red  jKiints  may  be  visible  on  the  palate  and  the  buccal  mucous 

ffitunbrane.     The  child  as  a  mle  is  extremely  iiriLible,  owing  in  gicat 

P**^  to  the  distress  caused  by  the  photophobia  and  by  thirst.     Shivering 

^^  or,  in  young  children,  convulsions,  may  occur  dunng  the  prodromal 

•ULge;  thcac,  however,  arc  generally  slight  and  of  short  duration.     In 

•>nae  epidemics  the  patient  diunng  the  prodromal  stage  remains  in  a  dull, 

•Ofinaolent  state.     During  this  {)erio<l  there  may  be  marked  symptoms  of 

Ifc-Pyugitis,  or,  especially  in  quite  yoiuig  ohildien,  attacks  of  huj'ngismufl. 

in  some  epidemics  epist^txis  has  been  observed  in  n  large  proportion  of 

cAAd^  occasionaUy  to  u  serious  extent. 

Emptive  Stiti/e, — The  eruption  appears  on  or  about  the  fourth  day, 

otttn  in  the  night  between  the  third  and  fourth  days.     It  is  noticed 

first  on  the  forehe<ul,  at  the  edge  of  the  hairy  scalp  or  behind  the  ears ; 

•nd  a  little  later  on   the  cheeks,  chin,  juid  neck :    after  some  hours  it 

■pTeids  downwards,  reaching  in  succession  the  trunk,  arms,  and  lower 

Ii*>*ba.    It  Inrgins  to  decline  in  about  twenty-four  houi-g,  so  that  it  may  be 

fa»iing  on  the  face  while  yet  it  has  not  reached  its  fidl  intensity  on  the 

lower  limbs.     Occasionally  there  are  distinct  short  intervals  between  the 

*Ppeanince  of  the  rash  on  the  face,  the  trunk,  and  the  limbs.     In  other 

®**^,  after  coming  out  well  "n  the  face,  it  fades  rapidly  and  does  not 

r?*<?h  the  trunk.      This  rapid  disnppcjirance   of    the  i*ash  is  sometimes 

^**erved  in  very  mild  cases;   aomftimes  it  marks  the  onset  of  serious 

^*^Gral   complications,    as   the   general    condition    of   the    patient,    the 

^^Jjcrature,  and  the  physical  signs  will  indicate.     The  rash,  especially 

on   the  face,  ia  at  Hrst   a  (liffuse   redness,  or  consists  of  closely- 

Ted  points ;  but  in  a  few  hom-s  small,  round,  red  spot*,  which  give 

the    finger   the    sens-ition   of   very    low    flat   papules,    form    in    the 

^^^2ted  parte.      ;Vs  they  enlarge  they  form  patches,  often  crescentic  in 

II*^,  with  a  scalloped  edge,  and  assume  a  dusky  rod  or  midberry  colour. 

«n  they  reach  this  stage  the  colour  of  the  patches  is  not  discharged 

■fireesure,  and  small  occhymoaes  frequently  appear.     AVhile  the  rash  is 

**^ing  out  the  catarrhal  symptoms  persist,  or  are  somewhat  aggravated  ; 


the  Uryngeal  83*mptoni8  iti  particular  may  become  more  marked,  owing 
to  exteof^ive  catai-rh  of  the  mucous  nu'rabraue,  which  may  caiiMscveni 
slight  reddening  of  the  vocal  cords  themselves. 

The  eruption  may  be  irregular  in  character,  intensity,  and  distribatioiL 
An  unusual  amount  of  congestion  may,  by  throwing  up  the  hiiir-balbc, 
give  lisc  to  a  papular  appearance,  whicli,  if  the  rash  be  scanty,  ninj 
resemble  the  early  stage  of  varioloid.  The  rash  at  its  first  appejirano^ 
may  be  so  intense  and  uonlluent  as  to  cause  ;ui  alnio.-it  uniform  redilenin^ 
of  the  face,  neck,  and  chest,  so  as  to  suggest  scarlet  fever  ;  but,  even  if  Uu 
reddened  areas  cannot  be  ma<le  out  to  have  a  well-definod  scalloped  e<lge 
the  nature  of  the  orupiion  will  bo  evident  after  a  few  hours.  In  ricketj 
children  and  in  warm  weather  the  true  rash  is  often  precedwl  hj 
sudamina.  In  children  infested  by  fleas  or  lice  the  general  tint  of  iht 
rash  may  be  deepened  by  very  numerous  petechia.'  or  by  "marbling.' 
Ecchymoses,  especially  on  the  back  and  thighs,  are  frequently  proihictM 
in  cachectic  children ;  in  whom  also  the  rash  is  commonly  diicreti 
and  pale. 

Physical  signs  of  bronchitis  are  seldom  absent  during  this  sta^ 
Sibilant  rhonchi  tuay  Ire  beard  in  all  |)iU*tJB  of  the  chest,  especially  ii 
the  interscapular  region,  and  give  way  after  a  short  time  to  moist  r&tai 
The  expectoration,  seldom  observed  in  very  young  children,  is  at  first  cl«» 
and  stnngy  ;  later  it  l>ecomea  purulent  and  rnunmular.  In  both  stagei  * 
is  remarkably  viscous  and  tenacious.  The  child  continues  to  be  extroouslj 
thirsty,  but  refuses  food.  Diarrha**  of  foul-smelling  slimy  stools  rer^ 
commonly  occurs  during  the  eruptive  stage,  either  at  the  onset  nf  Um 
rash  or  as  it  fades.  The  child  is  restless  and  pcc%iah  by  night,  \m\ 
often  sleeps  much  in  the  <luy. 

As  u  rule  the  eniptive  stage  lasts  three  or  four  daya,  but  may  OOB 
tinue  for  six. 

Conmleseeni  Stage. — After  an  uncomplicated  attack  convalescence  i 
as  a  ndo  nipid.  As  the  rash  Mes  tliirst  diminishes,  the  nasal  disch^rg 
dccrenscs,  sleep  becomes  natural,  and  appetite  rcttims.  Cough  and  son 
photophobia  remain  for  a  few  days  more  ;  but  the  signs  of  bronchit 
clear  up  rapidly,  and  at  the  end  of  ten  days  or  a  fortnight  from  th 
onset  of  the  prodromal  symptoms  the  child  may  api>ear  to  be  quite  wel 
A  little  lino  branny  de8(|uamatiou  may  geuerally  be  obser^'cd,  cspeciaU 
about  the  face,  neck,  and  waist ;  occasionally  it  is  very  extensive  an 
detached  in  flakes,  especially  if  there  hoA  been  some  miliary  eruption. 


Departures  from  the  usual  Type. — Mild  Fonns. — ^Tlio  Symptoms  t 
the  prodr<*ni:il  [)erii>d  may  Ijo  so  slight  as  to  pass  quite  unobwnrei 
Occasionally  the  |>eriod  is  prolonged  to  six  or  eight  days.  The  discAi 
sometimes  afipears  to  cibort  early  in  the  eruptive  stage,  and  convalescem 
begins  al>out  the  second  day  of  that  period.  Occasionally,  during  i 
epidemic  of  measles,  case^t  characterised  by  fever,  cory/A,  bronchitis,  on 
g^ifitric  dorangomenta,  but  without  any  rash,  are  mot  with  ;  as  thei 
patients  are  found  to  be  immune  on  subsequent  exposure  to  the  iufectio 


of  HMftfllea  a  poeeibility  of  the  occurrence  of  measles  without  rash  must 
be  admitted. 

Shilipuiut  Fonti*. — Though  me^isIeGi,  if  uncomplicjited,  is,  as  a  rule, 
gii,  it  muy  lie  a  most  severe  diseiLse,  owing  ult.hisr  to  ihi'  intensity 
of  tli«  infection  or  to  thu  cachectic  or  unprotected  condition  of  the  indi- 
ridad  attacked.  Sevei-»1  forms  of  nmlignant  measles  are  met  Vp-ith,  and 
Buut  be  distinguished  from  tlioee  uises  which  liccomo  severe  owing  to 
amfdicatiotka. 

In  caaea  of  the  typhoid  type  there  is  said  to  be  retrocession  of  the 
(TOptioD :  that  \a  to  say,  the  nmh  either  docs  not  come  out  well,  or  its 
rromtion  is  suddenly  stopped.  Simultaneously  the  pxUse  rises  to  1  .')0 
nr  HO,  the  respirations  to  60  or  80,  the  temperature  to  104'  or 
IW  F. ;  the  tongue  becomes  drj',  the  lips  craclccd,  the  skin  burning, 
«nl  the  amount  of  urine  is  much  diminished.  The  profoiuid  nervous 
dittorljance  present,  which  mutit  be  attrihutf^l  to  t^^txit^mia,  '\»  evidencetl 
Wllwr  by  extn^me  depression  and  somnolence  or  by  excitement — sevore 
ttnvnlsions  in  children,  and  delirium  in  the  adult.  The  state  of 
ttcitemcnt  may  ijasa  off  as  rapidly  as  it  develoi>cd.  or  the  [mtieut  may 
sink  bto  a  comatose  state,  which  ra])idl3*  ends  fatally.  Between  these 
t*o  vxtremes  every  degree  of  severity  may  be  observed.  In  bome 
tpidctnics,  especially  in  scliools  and  barracks,  ca^es  occur  in  which  the 
puiwit,  at  or  about  the  time  of  the  outbreak  of  the  rash,  becomes 
<T»no8ed  and  suffers  from  severe  dyspnoea.  Cough  is  frequent,  and  the 
expectoration,  if  presfnt,  is  frotliy.  There  are  ;it  first  no  physioal  signs 
to  «count  for  this  condition  ;  but  after  a  few  hours  fine  mucous  rflles 
*tt  heard  everywhere  in  the  che.<)t,  and  the  patient  euccnndis  to  what  ia 
cemmonly  called  capillary  bronchitis.  These  cjises  are  probably  cxam[)les 
"f  fhe  severest  form  of  the  special  type  of  puonmoiiia  descrilrtid  by  Comil 
wil  Boihes.  In  the  adidt,  death  may  be  very  sudden,  and  i\\\e  to 
«iij*i.  The  eruption  is  sctinty,  or  fades  at  the  onset  of  \\\\^  dyspno-a. 
U»ia  form  the  terra  suffocotice  has  fieen  applied.  In  some  e;ise8,  pre- 
Mj;  svmptoms  of  the  typhoid  form,  the  nwh  assumes  a  livid  colour; 
hemorrhages,  more  or  less  extensive,  take  f»lace  into  the  skin. 
Uuds  and  hiemorrhago  fi-om  the  mouth  and  lx>wels  may  occur.  To 
form,  which  occurs  in  cachectic  subjects,  the  term  htmwrrhaffir 
'<s  properly  Iwlongs.  The  extremely  severe  examples  of  this  form 
bed  by  the  older  writers  as  "  black  measles  "  are  now  seldom  or 
f  met  with  ;  and  as  Faggo  observes,  "One  is  almost  inclined  to 


aere 


j^^ct  them  of  having  mistaken  cases  of  haemorrhagic  smallpox  for  this 


,    ^C*he  term  s^nmihirif  inraali'^  is  applied  to  attacks  occiuring  in   persons 
.  S*^«  health  h.'is  b<!en  enfeebled  by  a  recent  attack  of  lypboid  fever  or 
Iberia,    or   by    tubercaUoais,   or    other    general    maWly    pro<iacing 
xia.     In  such  (X'^rsons  the  di-sease  mny  run  a  milil  course,  but  on 
«ther  hand   it  may    bo   of   exceptional   severity.      The   prodromal 
'^toms  are   not   well  marked  ;  the  eruption  is  scanty  and  dusky,  or 
uric ;     the    temperature     is     high    and    contiuuous ;     vomiting    and 
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fliurrhcea    are    common,    am]     in    young    children    bronchopneumc 
dovelopa. 

J^dfipse. — It  has  sometimes  been  asserted  thut  reUpae  is  of  ooc 
occurrence  in  measleB,  lint  it  seems  oleiir  that  a  true  rela|)ee  is  a  to; 
mre  event.     Some  of  tho  cases  quoted  as  examples  of  relai>8P  arc 
instances  of  irregular  development  of  the  rash ;  others  rest,  npjiareni 
u|>on    an   on\>r  of  <liagTirjRi8 — the  iirst  or  the  second  eruption  bain^ 
reality  that  of  German  measles. 

7>mpcrtfturt: — The  ordinary  teraponittire  curve  of  measles  shewi 
double  summit.  The  temperature  rises  ra])idly  at  the  onset  of  tho 
dromal  symptoms,  reaching  a  first  maximimi  of  102°  to  104' F.  wit 
the  first  twenty-four  hours ;  for  the  rest  of  tho  pnxlroraal  stage  it  is 
a  lower  level,  with  evenintc  ex.icerbations  and  morning  remissions,  wl 
may  even  reach  tho  normal.  The  lowest  point  is  touched  on  the  uic 
ing  of  the  second  or  thii*d  (Uiy.  The  temiwmtui-e  then  mounts  until 
appearance  of  the  rash,  when  it  attains  its  second  maximum,  Trhi<rh; 
generally  higher  than  the  first,  and  may  be  as  high  as  105"  lo  IDft' 
It  does  not  I'emain  long  at  the  nuiximum,  and  nsimll}'  falls  rapidly  on' 
thin!  day  of  tho  rash,  reaching  the  normal  standard  probably  on  the : 
ing  of  the  fourth  day.  The  fall  to  normal  may  be  delayed  for  one  or 
days :  it  may  be  so  rapid  as  to  constitute  a  tnie  crisis,  which  may  be  aco»«»" 
jmnicd  by  profuse  sweating,  and  even  by  collapse.  In  other  caseft  clus 
fall  is  much  more  gradual,  and  may  extend  over  three  or  four  dsy*  *■ 
gradual  descent.  The  curve  in  nmch  mo<lified  if  the  jiatient  be  alrea^S 
sutfering  from  some  chronic  febrile  disoi'der,  or  by  the  onset  of  compU  «^ 
tions.  In  the  former  cases  it  is  still  frequently  possible  to  detect  "^ 
douljle  maximum  ;  in  the  latter  the  fall,  after  the  eruption  has  come  f^^^ 
is  replaced  by  an  elevated  temperature,  due  to  bronchopnoumouiji 
the  pirticular  complication  under  which  the  patient  labours.  Somct 
the  rapid  rise  at  the  onset  of  the  ptxxlromal  symptoms  cannot  be 
t.ccted,  and  the  curve  mounts,  with  morning  remissions,  to  a  str^^ 
niaxinnim  on  the  first  day  of  the  eruption. 

Pttl^. — The  pulse  ineraiscs  in  i-apiditv  from  the  onset  of  ejTnpi 
until  the  eniption  appeal's,  when,  in  uncomplicated  cases,  it  begins  to 
In  unrnmplicate<l  cjises  it  seldom  exceeds  1 20  in  children  and  00  in  ndti-* 

Complications. —  LurifntjUh. — Some   degree   of   catarrhal    larynj 
ought,  perhaps,  to  be  considered  rather  as  a  symptom  than  a  complic 
of  measles.     It  usually  decreases  soon  after  the  rash  api)ears.     In 
oases  the  s^nnptoms  increase  in  severity  ;   voice  and  cough  become 
hniirse  and  then  toneless,  and   movements  of  or  pressure  on  the 
excite  i>ain.     The  expectonition  l^ecomes  blood-stained.     Necrosis  of 
cjirtiliiges  may  ensue,  or  a>dcma  glottidis.     Such  an  event  is  rare 
mcmbranuns    laryngitis,   especially    in   schools   and    asylums,   is   & 
irifrei(uent  and  very  fatal  complication.     It  may  come  on  either  di 
tho  eruptive  stage  or  as  late  ils  the  second  week.     In  some  i*a8e8  it  is 
to  tmc  diphtheria;  in  others,  perhaps  the  majority,   to  infection 
pyogenetic  cocci.     The  symptoms — which  need  not  be  descrilied  bei 
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»ft  pTACticaUy  identical ;  but  it  may  be  observed  that  the  membrane  pro- 
doced  by  pyogenetie  coirci  is  jlr  a  rule  more  tliHIuciit  or  fnnblc  than  that 
prwjQced  by  true  diphtheria.  The  false  membmne  may  invade  the  fauces 
And  triDsiU.     Tlie  onset  of  symptoms  is  commoiity  muro  insidious  than  in 

CAT)'  diphlhoria ;  atiucks  of  dyspno'u  arc  lesa  frecjueiit,  and  there  ib 
waniing  of  the  approach  of  osphj-xia.  The  results  of  tracheotomy 
wi'  eactremely  bad,  and  even  when  some  temporary  improvement  takes 
iJace  the  wound  itself  la  very  apt  to  become  the  starting-point  of  phleg- 
ninooua  inflammation. 

Bronthiiil  catarrh^  be  it  more  or  I«ss,  must  be  considered  one  of 
tile  ordinary  symptoms  of  measles;  but  the  smaller  bronchi  and  the 
pnlmoMry  tissue  are  liable  to  become  invaded  at  any  stage  of  the 
tlbease.  Keference  has  already  been  made  tn  tho.se  acute  cases,  called 
^nflbeative,  in  which  the  lungs  become  inva<led  in  the  prodromal  stage ; 
(mt,  abort  of  tlit-se,  coses  occur  to  which  the  term  "  congestion  of  the 
is  commonly  applied.  The  reapinitiou  is  hurried,  there  is  slight 
i'Anoeis,  the  puis*?  is  rapid  and  soft,  and  everywhere  over  the  chest  small 
i«t  crepitations  are  heard ;  the  breath -sounds,  however,  are  not 
lehial,  there  is  no  true  fine  crejutation,  and  resonance  is  not  deficient, 
^e  cftSfts  resemble  '*  capillai-y  bronchitis,"  but  differ  from  it,  inasmuch  as 
'  -  Mptoras  And  i)by«ical  signs  diminish  rapidly  at  the  time  the  rash 
i  aooii  afterwards.  In  a  few  ejisca  only  does  pneumonia  appear. 
ir»  a  aui^dJ  number  the  symptoms  described  persist  throughout  the 
*t*ge  of  eruption,  and  until  the  period  when  convalescence  ought  to 
b<'^n.  Such  an  occun-ence  is  very  suggestive  of  the  lighting  up  of 
tnherculoeis. 

Rrfmrhojmewmniioy  the  most  fatal  complication  of  measles,  first   be- 
comes e\ident  a*  a  nile  during  the  eruptive  stage.     It  may  begin  about 
the  time  when  the  eruption  comes  out,  or  oven  earlier ;  or  its  onset  may 
be  licferred  until  it  is  hopwl  that  convalescence  is  about  to  commence. 
The  symptoms  do  not  differ  from  those  of  primary  bronchopneumonia ; 
^t  it  should  be  home  in  mind  that  in  a  child  suffering  from  measles  the 
'''--inn  js  more  apt  to  be  progressive.     This  bronchopneumonia  is  to  be 
'  iile^l   tf)  a  sectmthir}'  infection.      The  catjurh  determined   by   the 
)T  infection  of  measles  appears  to  favoiU"  the  giowth  of  certain  |»atho- 
:c  organisms,  chief  among  which  are  the  pjirumor/trcfi^  the  Strqtlo- 
*'»fr»^  ^jl/*«;rwj(,   and    the   l^liiithtjlocotr.us  pf/ofjtfnen  tiurru^t.     All    of    these 
^icrohes  may  be  found  in  the  secretions  of  the  mouth,  nose,  and  larger 
"'^ichi,  even  in  health  ;  but  they  are  more  fre«]uently  present  in  children 
■nflbiing  from  measles.     The  so-callod  snUicute  or  chronic  pneumonia  of 
'**<^i«le«,  which  comes  on  as  the  ernplion  subsides,  or  lat^r  when  convales- 
^'■'JCg  appears  tn  have  begun,  is  almost  iiivarinbly  a  t!d)erculou.s  process ; 
^®re  are  irregidar  piTcvia  with  evening  exacerbations,  |)ei"8istent  cough, 
'*!  siijrm  of  loealise*!  pneumonia  which  do  not  cle.'ir  away. 

Jmhtriicn.  —  Pactoriological  investigations  tend  to  make  it  probable 
^'***t'  tneasle?  is  not  infre(pient!y  complicated  by  true  influenza,  and  the 
S*^vity  of  the  illness  thereby  seriously  increased. 
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Stcmatiiiji. — Some  catarrh  of  the  mucous  membmne  of  the  mouth  is 
an  almost  invariable  acoompamraent  of   measles.      It  corner  on  duniij 
the  prodromal  stage,  and  pa>jsc8  away  with  the  omption.     It  is  of  impon- 
ance,  chiefly,  hecanso  it  [laves  the  wiiy  for  8«conf]ary  infections j  llie  miinnii* 
membrane   becoming   the    scat    of    diplibhcria,    tilceratiuti,    or   apbthir. 
riceralive  stomatitis  attacks  particnlarly  the  sulcus  between  the  lips  ami 
the  gums ;  but  it  may  l>e  met  with  t>n  the  cheeks  op|>08ite  the  citinnKof 
the  teeth.     Small,  roiuidc<]  whiti'  patches  tii'^^i  form,  and  the  necrosni 
epithelium   becomes  detached,   leaving   an    ulcer.      Tho   destruction 
tissue  may  cxbeu<l,  and  by  courtueiice  form  lai'ge  elongated  idcfn*  ffil 
sharp  o<iges  and  a  purulent  or  sloughy   surfiicc ;  they  may  extend  t<i 
the  outer  l>order  of  the  lipn,  ami  arc  then  very  liable  to  caiuse  pnin 
cracks   and    to   bleed.      The  Staphplueoccua   aureus   has    been   found 
such  cases  in  almost  pure  culture.     The  ulcerations  tond  to  heal  m 
fever  subsides,  and  are  chiefly  of  importance  because  the  iwiiu  ihffy  \ 
duce  ten<l9  to  make  the  child  vefuso  food.     If  neglected,  however 
may  persist  in  a  chronic  or  sulmcute  form  for  weeks  or  months. 

Diarrhcm. — Looseness  of  the  bowels  during  the  prodromal  stage  is 
rule,  and  di;irrh(ea  of  foul,  glairy,  or  watery  stools  may  be  troiibl 
alx)ut    the    time    tho  eruption   appears.      Occasionally   the   dianha* 
very  copimw,  and  the  child  juisses  into  a  condition  of  c<»llap8e  ;  in 

cases  the  nush   ia  ill-devuloiwd  or  fa<Ies,  and   the  case  may  be  m         

for  severe  summer  fliarrho-ji.      OiarrhnvK  of  a  dysenteric  ohamcter,  ^^ 
apparently  to  diffuse  catarrhal  colitis,  sometimes  occurs,  and  is  very 
to  continue  hb  a  chronic  condition  for  weeks  or  months. 

Ft//n/ijf.^Inflammation  of  tho  nilvu  with  muco  purulent  diacha 
a  frequent  complication  of  measles,  and  may  persist  for  weeks  or  mon 
Hflpecialiy  in  stnimoUH  children.  The  ititlainmation  may  go  on  to  ulctr'^ 
tion,  attended  by  much  pain  and  swelling  of  the  parts,  and  smarting  *^ 
micttirition.  Occasionally  tho  process  beeomes  exceedingly  acute,  a^^ 
leads  to  bmwny  induction,  nnd  even  to  gangrene  (noma). 

Oiiivi. — Eustachian  intlauiniation  is  a  common  complication,  and  '^ 
pirticularly  apt  to  occur  in  the  subjects  of  chronic  granular  pharyngif  >* 
and  :ulenoid  vegetatiuns.  Closure  of  the  tube  may  be  revenU'd  by  d">ir 
ness  and  tinnitus;  but  in  other  cases  the  symptoms  arc  latent,  and  ib*^ 
only  indications  that  the  inflammation  has  reached  the  middle  ear  ar^ 
some  increase  of  restlessness,  grinding  of  the  teeth,  sudden  cries;,  au<i 
perhaps  delirium.  These  symptoms,  which  are  commonly  attended  by 
a  sharp  rise  of  temperature,  should  lead  to  a  careful  examination  of 
tho  ear.  Puru;turc  of  tlie  tymparnim  may  give  immediate  ri'lief.  If 
untreaterl,  convulsions  may  onsue,  or  the  child  may  sink  into  a  stat« 
of  torpor  from  which  it  becomes  quickly  arouse*!  as  a  juinilent  di»- 
cliarge  from  the  ear  indicRtes  that  the  tympaiunn  has  ruptured  apoii- 
taneoufily.  Before  this  happens,  however,  the  mastoid  cells  nuiy  have 
become  infected,  or  meningitis  or  thrombosis  have  been  produced.  The 
discharge  is  foul  and  very  irritating,  so  that,  unle-^s  special  precauLiooa^ 
be  taken,  excoriation  of  the  external  auricle  rapidly  follows. 
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Ctmjmuiiriiit. — Staphplococeus  aureus  and  Strept^Koeci  are  the  micro 
or^Ukisms  most  often  present  in  the  secretioiiB  of  the  conjunctival  cittarrli 
6uD«tanUy  observe*]  in  the  acute  stage  uf  nieHsles.  The  iiiHumiuatiou 
Hiiiv  he  very  inteiiBe,  caiiKing  great  swelling  of  the  lids,  and  giving  origin 
to  t  copious  ser&purulent  discharge.  This  tvndition  is  ohservcd  most 
oiitii  in  atntmons  children,  and  in  them  pbl3'ctentdar  tdceration  or  difTuse 
kerviitifl  may  occur.  Occasionally  the  globe  is  destroyed  hy  suppxim- 
tiooftud  rupture. 

Qnmjrme^  Xomn, — In  cachectic  children   inHammittion  of  some  one 

ul  tbo  mucous  surfaces  ko  commonly  involved  in  nicasles  may  take  on  a 

pecQliftr  5pre<iding  und  intent  character.      This   scn'ous   complication 

oommoiily  an'scs  after   the  subsidonco  of  the  eruption,  and  may  with 

prat  rapidity  produce  extensive  gangrene  and  sloughing.      This  may 

oocnr  in  the  mouth  (noma,  vide  "  Diseases  of  the  Moutli,"  vg).  iii.),  vulva, 

ti^roat,  larj'nx,  or  car.      It  seema  to  be  duo  to  a  secondary  infection, 

Mid  is  apparently  very  much  less  common  since  the  hjgienic  condition 

of  hwpitalK,  schools,  and  the  dwellings  of  the  poor  hiis  )>een  improved. 

Gangrene  of  the  lung  has  been  occasionally  observed. 

litnai  Disease.  —  AJbiiminuria  is  occasionally  observed,  chiefly  in 
ttlulta,  about  the  time  of  the  onset  of  the  rash,  with  which  it  com- 
toonly  ditappeara.  It  is  believed  to  bo  due  to  a  temporary  congestion, 
*ntl  nephritis  is  undoubtedly  a  very  rare  complication  of  measles. 
Chronic  albuminuriiL,  with  anastirea,  has  l»eeii  descrilwd  as  a  late  »e<juel 
oi  neaslcfl,  but,  to  say  the  least,  the  connexion  is  not  well  establijihed. 

Smms  EffMsitms. — Ascites,  due  apparently  to  subacute  simple  peri- 
^■onitis,  occasionally  occurs  as  a  late  complication  of  measles.  It  appears 
have  been  chiefly  observed  in  girls.  The  Huid  is  eventually 
»beorhed,  but  may  remain  for  several  weeks  in  sufficient  quantity  to 
catiM  considerable  distension  of  the  alwlomen.  Anasarca  is  sometimes 
ohoerved,  even  though  the  urine  remains  free  from  albumin.  Its  cause 
is  not  ex{)huned. 

Jfidions  of  the  Heart.  —  In  a  few  instances  endocarditis  has  been 
<ihiBrvc<l  during  measles,  and  pericarditis  still  moro  rarely.  It  is  probable 
«»t  the  latter,  if  not  the  former  also,  m\iy  be  secondary  to  broncho- 
P''*'tiroiinin. 

The  number  of  ca.sea  in  which  any  permanent  disorder  of  the  Mer^xfus 
*y^e^n)  is  produced  hy  measles  is  small.  In  spite  of  the  enormous  num- 
^  of  children  who  recover  annually  from  meattles,  instances  of  nervous 
™<^rders  arising  in  connexion  with  the  disease  are  rare. 

J^fenlal  Jksimlcr. — A   few  cases  are  on  record  in  which  the  patient, 

_^^   the  fever,  remained  in  a  dull,  apathetic  state.      In  some  there  is 

plele  dementia,  from  which  recovery  may  take  pljice  suddenly,  as  in  a 

'   recorded  by  ('asson. 

CWw. — Measles  is  not  generally  recognised  as  one  of  the  common 

^t«<«lent«  of  chorea;  but  among  the  439  cases  of  chorea  analysed  by 

°'*"     Stephen    Mai^kenzie,    for   the    Collective    Investigation    Commiltiie, 

Uiere  were  thirty-two  in  which  measles  was  the  sole  antecedent  illness  ; 
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and  in  seventeen  others  measles,  asaocinted  with  an«eniia,  was  ttte  vk 
antece<lent;  illness.  On  the  other  hand,  meiisles  coming  on  during  choni 
generally  lends  to  the  diminution  of  the  movements. 

Tdany. — In  young  children,  especially  in  those  who  have  ctmvnl 
siuns  at  the  onset,  tetany  may  be  ohson'ed  during  the  disease,  and  mai 
persist  for  some  time  afterwards. 

Unnipkijui. — In  !20  cases  of  hemiplegia  in  children  Prof.  Osier  fguiiv 
four  after  measles ;  in  eighty  cases  Sir  W.  Gowers  foiuid  seven  aftci 
measles.  The  hemiplegia  may  come  on  during  the  height  of  the  dissi* 
or  during  convalescence.  In  moat  of  the  recorded  cases  it  has  been  fin 
noticed  after  a  fit  or  a  scries  of  Hta  ;  and  in  some  instances  the  spasmodi 
affection  has  been  liniitetl  Uy  the  side  subsequently  found  to  be  pfer* 
lyaed  As  is  the  cojm:  with  hemiplegia  coming  on  during  other  scat 
infectious  diseases,  aphasia  exists  in  a  very  considerable  proportton  o 
the  cases.  The  occun'ence  of  hemiplegia  during  the  acute  stage  appear 
to  a<ld  to  the  gravity  of  the  prognosis.  If  the  patient  recover  fron 
the  attack  of  measles  very  grejit  improvement  may  take  place  in  th 
paralysis,  though,  apparently,  not  complete  recovery.  Schwartz  ha 
recorded  a  case  of  aphasia  and  paralysis  of  the  extensors  of  tli 
upper  extremity  in  which  both  the  power  of  spcxich  and  the  mow 
ment  of  the  arm  wer«  completely  regained.  In  the  majority  of  caM 
of  hemiplegia  the  fiiiralysis  persists,  and  becomes  in  time  aasociat4 
with  arrest  of  development,  of  one  or  both  limbs,  rigidity,  and  eicai 
gerated  deep  reflexes.  The  jMithology  of  these  Ciiaes  is  not  very  cleai 
they  have  been  attributed  to  encephalitis  followctl  by  sclerosis,  or  \ 
localised  meningitis. 

Muscul<tr  Atrnphj. — A  few  cases  of  limited  muscular  airophj 
aembling  infantile  paralysis,  are  on  record  as  a  sequel  of  measles, 
fire  so  ft'w  that  were  it  not  that  simitar  lesions  occur  after  other 
sfiecific  fliseases  the  relation  might  Iw  re^rded  as  one  of  mere  coincidenc 
Their  puthologj'  is  very  obscure ;  Dr.  Ormorod,  who  luis  i-ccorded  n  sen 
of  cases  in  one  family,  rejects  the  view  that  they  ai-e  due  to  ncute  unteri 
poliomyelitis,  and  appears  di8[)08ed  to  associate  them  with  the  progreesi- 
mnscular  atrophy  of  youth. 

"Asccndifu/  l*aralijd.C — A  rare  complication  of   mejisles  is  a  for 
of  paralysis  wdiich  closely  resemhles  in  its  clinical  feature^s  that  ol»ervi 
after  diphtheria.     The  suspicion  that  the  paralysis  is  really  secondary 
latent  diphtheria  may   perhaps   have   led   to   some   of   the   cases   n 
being   recorded.      Ikrthez   aiul    Sannt^-    mention    eight   cases   in   whii 
there  could  be  no  suspicion  of  diphtherin.     The  symptoms  in   the 
cases   were   those   of  ]mresis   rather  than   paralysis   of  the  soft  paUt 
the   pharynx,   the   tongue,   and   of    the  muscles  of    the   neck  ;   in    fo- 
cases  they  appeared  dnring  the  eailiest  days  of  the  disease,  aud  in  X\ 
four  others  three  weeks  after.     All  the  patients  recovered  in  from  three 
twenty  days.     On  the  other  hand,  cases  of  this  nature  may  terminjito 
death.     The  analogy  of  flipbtheria,   tiken  tugetfapr  wnth   the  cumple 
recovery  which  appears  to  be  the  rule,  lends  support  to  the  h>'jtot 


or  1 

1 


th&l  the  leaion  in  these  cases  is  multiple  neuritis.  Paraplegia  npjiears 
occft^oually  during  measles ;  the  reflexes  are  lost  rapidly,  the  oloctrical 
nftction»  ot  the  niUHcles  are  much  mixlitied,  the  paiieiit  complains  of 
tnnmcation  and  cramps,  and  there  may  bo  retention  of  iu*ine  and  incon- 
tiocnce  of  faeces.  Recovery  in  ft-om  one  to  six  weeks  is  the  rule ;  but 
dealli  has  been  brought  about  by  i-espiratory  paralysis,  due  apparently 
loptliy  of  the  diaphragm.  Lop  attributes  these  cases  to  lesion  of  the 
ffliii  dne  to  toxnemia. 

IhfunnittnUd  Mtjditis. — Disseminated  myelitis  may  arise  during  the 

Kinrwof  measles.     This  is  proved  conclusively  by  Sir  T.  Barlow's  case,  in 

which  death  occurrnd  during  the  acute  staj^e,  and  a  pwt-mortem  examina- 

UOD  vas  made.     In  this  case  the  nervous  complioaiiou  ciLme  on  during 

Lhe  evly  stage  of  the  exanthcm,  and  such  would  appc^ir  to  be  the  rule. 

U  is  in  the  highest  degree  probable  that  the  primary  lesion  was  dissemi- 

tu(»I  myelitis  in  certain  other  juiticnts  who  presented,  during  the  acute 

«age  of  measles,  marked  disturbance  of  the  nervous  system  characterised 

fey  lADpor,  ^iiidespread  mnecular  [wralysia    and  loss  of  control  over  the 

iphinciers,  and  who,  after  recovery  from  the  acute  illness,  remained  per- 

oancntly  affected  by  symptoms  resembling  disseminated  sclerosis.     In  one 

***»  which  I  have  recorded,  in   the  Meilkti-i^kirmyicul  TimisacHuns^  the 

ciiM  \rm  seized  with  convulsions  on  the  fourth  day  of  an  oi'diniu-y  attack 

of  measles ;  foiu"  weeks  hiter  she  was  in  a  condition  of  hebetude,  had  some 

"'ffieiUty  in  swallowing,  and  was  unable  to  sit  up,   though  she  could 

^^e   her  limbs  feebly.     Improvement  took  place  very  slowly,  and,  as 

*"fi   regained    power,    inco-ordination    was   a   marked    symptom,  along 

^*Q    coarse  tremor  on  movement     Later,  tremor  aggravated  by  inteti- 

^^^    Was  present  in  all   the  Umbs,   and   involved    the  head  ;    the  deep 

^'flext-s  were   exaggerated.       Speech  was  syllabic.       Eventually  all   the 

^'^'tJioina  inijtroved  very   Hiu<:hj    but  at  twelve   years   of  age  shti   was 

'•■clc^rard  in  intelligence,  slow  of  speech,  clumsy  in  movement,  and  there 

T**    «ome  rigidity  of  the  muscles  of  the  liml«  and  exaggeration  of  the 

y*^f>   reflexes.     It  seems  highly  prolwible  that  the  disseminated  njyeiitis 

*f '***«  to  a  specific  toxtemia ;  and  tliis  view  is  condrrae<l  by  the  fact  that 

®      changes   found   in    the  cord    in   Sir   T.    Barlow'a   case  were  clearly 

*«<iV»Jar  in  origin.     This  hypothesis  is  strengthened  by  the  case  rcjwrted 

■  ^-^.  Xcwton  Pitt;  in  a  young  adult  delirium  was  followed  by  coma 

J        ijicontinence  of  urine  and  faeces,  but  complete  recovery  eventually  took 

.        Measles  and  Pre^ancy.  — A   pregnant  woman   is   rarely  attacked 

'^      ^ueasles,    but    it  doe*   not   apjjear   that    pregnancy   confers   any    im- 

.  *-*Xity.      Al«rtion  or  prenuiture  delivery  is  apt  to  occur  cither  din-ing 

1  eruptive  stage  or  at  the  onset  of  the  prtMlrowal  symptoms.     .Seveie 

I   .  ""^^orrhage  may  occur  afttir  delivery.     Measles  very  mrcly  oicui's  in  the 

^   *~*^-in  period  after  delivery.     The  prognosis  of  measles  in  a  pregnant 

^^an  is  gwid.      The  chief  dangers  are — (i.)  that  lironchupneumunia,  if 

_  ^^^^^vur  and  the  uterus  be  not  emptied,  may  Ciiuse  gi'oat  cnjVuuraasment 

^he  respimtion  ;  (ii.)  that,  as  the  systemic  iufcetion  of  measles  appears 


til  disposo  to  septic  processes,  iho  patients  may  be  rather  more  liable  to 
puerperal  Beptica?mia.     On  the  whole  it  is  desirable  to  advise  a  pi- 
woiiitin  who  haf)  not  already  suffered  from  measles  to  avoid  oontu> 
infected  persons. 

OlaBrnosis. — A  well-marked  ctise  of  measles  can  hardly  be  mistaken  for 
anything  else.     Mild  cases  may  be  difficult  to  distinguish  fnjm  (lerntiui 
measles  {title  p.  404).     The  fine  red  rash  which  sometimes  precedes  the 
true  enxption,  owing  to  its  re8eml)lance  to  the  rash  of  sirarlet  fever,  uwj 
cause  some  hesitation.     The  history  of  exposure  to  infection  (if  it  can  he 
obtained),  the  presence  of   coryza  and   photophobia,  the  milder  degrw 
of  throat  affection,  and  the  observation  of  Koplik's  spots,  if  pre««nt  at 
the  time,  will  probably  lead  to  a  correct  diagnosis ;  but  in  doubtfid  ums 
it  is  wiser  to  suspend  judgment^  and  to  isolate  the  case  as  though  it  were 
scarlet  fever.     A  iliscrete  eruption,  especially  if,  as  is  sometimes  the  tttt, 
there  be  complaint  of  pain  Ju  the  back,  may  cause  the  cose  to  resemble 
varioloid ;   though  the  converse  mistake  has  prolwibly  been  more  often 
made.     If  the  chanicter  of  the  eruption  be  not  cf.»nclusive,  reliance  ro»*t 
be  placed  luaiuly  on  the  history  and  the  symptoms  of  catarrh.     Acute, 
widespread    dermatitis    ('*  acute    eczema  '*)    may    present    cousideralile 
resemblance  to  measles,  and  herein  mistakes  have  l>eon  maile  even  hy 
experienced  physicians.      Careful  examination  of  all  the  circumsUnca 
of  the  case  will  generally  prevent  error :  on  close  oxaminntion  the  msh 
will  be  seen  to  ditfer  from  tlwt  of  meJbsles,  and  iw  a  rule  nrc^is  will  be 
found,  most  likely  about  the  neck  or  behind  the  ears,  wh^re  the  snrfiu-c 
is  weeping  or  covered  hy  thin  cnists  ;  there  will  probably  W  no  corya 
or  photophobia,  and  the  temperature  will  not  be  so  high  as  would  attend 
so  extensive  an  eruption  wore  it  that  of  m^Misle^     The  only  safe  course 
in  all  doubtful  cases  is  to  decli]it*  to  give  a  positive  opinion  on  the  first 
occasion  of  seeing  the  ]>atient.     As  a  rule  a  few  hours*  delay  will  make  a 
doeiifion  possible. 

The  prophylaxis  uf  measles  presents  special  difficulties  owing  to  iu 
extreme  iiifcctiousneHs  Iwfore  the  symptoms  are  characteristic.  Personal 
intercourse,  especially  in  schools,  is  tlio  main  factor  in  disseminating  tUt 
disease.  The  slight  im^fortanue  which  the  public  is  disposed  to  attach  to 
meiislea  creattis  a  groat  ilifficulty.  Ktirtisi  gives  st4itistics  from  Buda-Pesth 
which  shew  a  remarkable  diminution  in  the  tiuntber  of  cases  of  uifaales 
during  the  three  xnonthn  which  include  the  autumn  holiday,  and  h  rapid 
increase  commencing  about  a  month  after  the  schools  resume. 

It  is  only,  therefore,  by  dealing  with  the  early  cases  that  the  spread 
of  an  epidemic  in  a  school  containing  many  susceptible  cbildrfii  can  b« 
controller!.  Dr.  .1.  Korr  has  pointed  nut  that  under  such  t*onditioiu 
two  crops  of  cases  may  bo  expected ;  the  infection  for  the  first  crop 
is  derived  from  the  first  cose  j>robably  dtiiing  its  catarrhal  stAge, 
for  the  second  crop  from  the  chihlren  of  the  first  cro(»,  also  during 
the  catarrhal  stage.  The  occuri>)nce  of  the  second  and  larger  croii 
may  he  |irevented  by  prompt  closure  of  the  chiss  or  si*hool,  or  in  the 
higher  classes  by  exclusion  of  susceptible  children.     If  this  system  is  tc 
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W  mcceesflll  it  is  necessary  that  the  hi»toi'y  of  all  the  children  in  a  cka& 
u  10  measles  should  be  known.  The  infonnation  should  be  obtained 
when  the  child  w  first  admitted  to  the  BchonI  and  recorded  on  an  index 
c&n] ;  if  the  child  snfler):;  from  meufilea  during  its  attendance  in  the 
irifiinu'  dej^artmcQt  the  fact  is  entered  on  the  caixl,  which  is  passed  on 
vnh  i(  to  each  higher  chisa.  Should  a  child  Uf  notii^  to  present 
[tUims  of  cory/A,  r*^ference  to  the  canf-index  will  shew  whether  or  not 
hiii  had  measles ;  if  it  has  not  it  is  sent  home,  and  watched,  and  any 
other  children  in  the  class  who  may  be  suffering  from  colil  are  likewise 
wit  borne.  If  rlie  first  case  turns  out  to  bo  measles  the  class,  if 
it  contain  a  large  proportion  of  susceptible  children,  should  be  closed 
linponuily.  A  '*  firat  cnip ''  of  cases  will  pi-ohably  occur,  Imt  the 
Moad  or  main  crop  will  bo  prevented.  Closiu-o  for  a  period  em- 
bndng  the  twelfth  day  will  usunlly  be  siifhcient.  In  classes  con- 
taining a  few  susceptible  children  it  m;iy  1«3  suttirient  to  exclude  them 
for  lire  jwriixl  of  twelve  days  only.  Much  di^erence  of  opinion  as  to 
lU  value  of  compulsory  notification  exists  amon^'  nieflicid  officers  of 
hwltli.  It  is  arjjued  that  the  fact  that  many  cases  are  never  seen  by 
iDrtlittil  men  must  greatly  diminish  the  good  restilte  to  1»  ex])ected  from 
0(<uiiuition  :  and,  further,  that  the  want  of  means  to  isolate  patients,  and 
to  keeji  under  observation  susceptible  children  who  have  been  exposed  to 
infection,  must  prevent  the  application  of  any  effectual  measures  by  a 
poUio  bejdtli  authority.  Early  know]*'dge  of  an  epidemic  will,  however, 
wwMt;  [luhlic  health  authoritiea  to  give  parents  good  adnco,  to  which  it 
i'  possible  tbikt  they  nuiv  aft^ir  a  time  be  disposed  to  give  car ;  and  also 
to  Htipply  sch*x)l  authorities  with  the  names  of  houses  or  localities  in 
»b)tli  rases  have  tx'curred,  so  that  chiltlreu  from  these  places  can  be 
«rc!ij(Icd  from  the  schools.  Compulsory  notification,  it  must  l>c  confessed, 
ou  not  hitherto  been  a  very  successful  means  of  checking  e])idemit'a  of 
f'ttiJw ;  lint  this  failure  may  in  jKirt,  at  lejiat,  be  because  it  has 
"^^er  yet  been  i-uforced  over  an  firea  sufficiently  extensive.  It  is  of  little 
'ue  !o  &{>|jly  the  lufectiuus  DiseJise  Notificjttion  Act  in  a  town  if  it  be 
fJolslso  enforced  in  the  suburbs.  Further,  if  the  Iwst  results  are  to  be 
f^^UiiiLi],  it  will  be  necessary  to  insist  u|k>u  the  provisions  of  the  Act 
■^I'liring  notitic<ition  by  householders,  which  hitherto  have  been  very 
pnemlly  a  d«id  letter. 

Treatment — 7'/nr  preveiUim  of  amiplieations  is  the  most  important  part 

tTeatiiiuul.      Its  two  main  elements  are  cleanliness  and  ventilation  ; 

it  is  advisable  to  keep  the  chiUl  in  h&\  from  the  onset  of  symptoms 

desqosmation  is  over,  or,  if  tliis  lie  nut  noticeable,  for  a  week  or  ten 

altogether.      'Vhe  danger  of   ex]x>suro   to  cold    has    >teen    greatly 

Vieronlt   recommends   that   ou    warm,    sunny,    still    days 

child  shouhl  be  rolled  out  of  doors  in  its  bed,  cju'e  being  taken  to 

f(l  the  eyes  from   light.     The  room  in  which  a  case  of  measles  is 

ffl  ^hoidd  be  thoroughly  well  ventilated,  but  grejit  variations  in  its 

f>erature  or  exposure   of   the   patient   to  direct  draught  should   be 

In  a  private  house  it  is  a  good  plan  to  use  two  adjoining 


rooRU — the  one  by  day  and  the  other  by  night ;  each  room  whiJe  not  in 
use  should  be  cle;iued,  dusted  with  h  damp  cloth,  and  tl»e  windows  Ufti 
wide  open.     Dusi  and  smoke  i^hould  be  avoided,  as  they  tvtid  lu  increut 
the  irritation  of  the  mucous  membmues.     Dryness  of  the  Kir  aat  cxJf 
increases  this  irritation,  but  also  favuiu's  the  di^emjnatioii  of  dust  tai 
microbes ;  if  necessary,  it  shoiild  )>e  moistened  artificially  by  the  it«UB 
from  li  boiling  kettle,  or  by  evaporation  from  an  open  dish  over  a  Fyaa 
lamp.      The  use  of   a  ateam-spray  presents   the  advuutage  thi*t  soo* 
aromatic  disinfectant  may  be  addetl  fiom  time  to  time  to  the  water,  wliick 
will  ut  least  have  the  etfoct  of  correcting  the  poculiiu*  acrid,  mnsty  otlocr 
generally  noticeable  in  a  room  In  which  a  case  of  meaales  is  being  aunei 
The  bronchopnoumoiiia  is  undoubtedly  communicable  ;  Ai»d  it  is  midesir 
able  to  inirse  a  chiUI  milVering  from  this  complication  in  the  sjinm  fwrtc 
with  others,  or  to  emitloy  the  same  drinking  utensils.     The  win 
the  room  should  be  shaded  by  day  sufHciently  to  relieve  the  ph";  . 
— too  dark  h  i-<K>m  not  op\y  has  a  depressing  effect  upon   the  paCiant,  ba 
prevents  accurate  observation  of  his  condition. 

Since  the  microbes  associated  with  bronchopneumonia  are  foaiid  (o 
be  present  in  the  tnonth  in  more  than  half  the  CJises  of  measles,  tbeiw 
of  antiseptic  mouth-wiLshes  is  indicated,  and  the  pnicticc  appears  m  haw 
been  attended  by  good  results.  For  this  purjxjse  a  solution  of  boric  acid  , 
(I  to  3  per  CiMit)  is  suitable,  and  its  use  is  nut  ungrateful  to  a  {Hitie&toltt 
enough  to  employ'  it.  In  infants  the  solution  must  Ixj  used  with  a  spray  w 
syringe,  and,  in  epidemics  in  which  a  special  liability  to  ulcerative  atomaUEC^ 
or  to  diphtheria  is  noticed,  the  employment  of  antiseptic  mouth*v%sl)^ 
shriidf)  be  consi<lerod  ubligatory.  Further,  all  precautions  d< 
prevent  secondary  infections  of  tlio  respiratory  syst<?m  shraild 
out  with  {Kirticubir  care  in  children  who  by  rtuison  of  their  t«ndE 
(six  mouths  to  six  yoai's),  or  because  they  arc  the  subjects  of  tit 
tuberculosis,  are  specially  liable  to  respiratory  complications  of  a  so'cr* 
type. 

Mild  eases  of  measles  of  the  ordinary  type  do  not  call  f*'' 
any  treatment  beyond  the  ob9or\*ntion  of  the  above  precjuiti<ii»« 
No  (Injg  is  known  t*)  have  any  jrower  in  antJigonirting  the  ©jwcii^ 
process.  The  piLticnt  should  be  fed  simply  j  and  the  greater  the  fcvt? 
and  the  mure  severe  the  type  uf  the  disease,  the  more  simple  shuul 
the  diet.  Ilie  liability  to  the  occurrence  of  diarrhiwi  should  bo  bor 
mind,  i5a|Micially  in  epidemics  in  which  this  compliration  is  frctpn 
in  hot  wejither,  or  in  individuals  iliflpo.s(,'d  to  intestinid  cal.irrh. 
robust  child  a  diet  of  milk  and  gniel  is  the  best;  but  in  weakly  chiU 
it  may  Ihj  desinible  from  the  first  to  give  eggs,  meat  juictw,  »ii^ 
|wrha|iA  small  ijuantitieH  of  wine  or  braudy.  The  child  snffen*  intenwH 
from  thirst,  and  it  may  be  allowed  to  take  freely  of  bland  fluids,  watr 
flavoured  wnth  lemon  juice  or  raspberry  syrup,  or  a  phosphoric  acid  drinfc 
containing  1  or  2  j)cr  cent  of  plio^^phoric  Jicid  and  a  little  syrup. 

Nervous  sifinpfoniH,    if  uct-onijiauied   by   high    fever,    ro-stlcswnoss, 
slight  delirium,  shoidd  be  treated  by  keeping  the  patient  liglitly  ooi 
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'  the  application  of  cold  compresses,  an  ice-bag  to  the  head,  or  even 
Anon.  Sleep  iiiny  often  be  induced  by  applying  a  cool^  moiBt 
^pto  the  trunk,  or,  in  adults,  by  a  pack  10  the  limlis.  Much 
8  often  afl'ordol  by  rajiid  wtishing  of  the  whole  body  with  water  or 
'attr  and  vine^;ir.  ^VilelI  tlie  i:er«bral  aymptomfi  are  more  severe, 
lily  Tchou  there  is  high  dtlirium  with  rapid  jmlsc  and  Hushed  face, 
St  Irontiutint  Heems  to  be  hydropathic,  applied  either  by  means  of 
rcool  |iacks,  or  by  a  short  lukewarm  l»at.h  (90'  to  06"  F.).  A  cold 
D  to  the  hea<l,  during  the  hiUh  or  otherwise,  will  increase  its  calming 

If  nccessjiry,  such  baths  may  bo  rcfnsitetl  several  times  a  day,  but 
iter  should  not  as  a  rule  be  used  below  8U'  F. ;  they  will  he  found 
Tdse  a  considerable  influence  uprjn  the  temperatiu'O  in  children. 
ftUon  neod  not  be  consideivd  a  contra -indi&'Ltion  of  hydroiHithic 
ent,  which  on  the  whole  is  |%rhaps  best  applied  by  the  use 
u,  not  necessarily  of  cold  water.  If  the  depressing  effect  of  the 
U  likely  to  Iw  excessive,  it  may  be  diminished  by  adding  brandy  to 
t&6r  in  whii;li  the  cloths  are  wning.  Kvery  case  must  bo  treated 
^bvni  merits;  .tnd  it  is  prudent  for  the  medical  attendant  himself 
Vtihe  effects  of  the  hydro[»athic  treatment,  at  any  rate  on  the  hr'st 
ecasiona  of  its  sppHcation.  In  severe  cases  with  continuous 
sions  the  action  of  the  Ijath  treatment  or  of  the  oold  pack  is 
iiin :  sometimes  it  ajipeai-s  to  determine  a  fresh  accession  of 
sions  ;    but,  befuro  abandoning  it  in  serious  cases,  it  is  desintblc 

the  ofTect  of  cold  affusions  to  the  heatl.  When  there  is  great 
Uon  of  the  face,  pointing  to  geueml  cerebral  congestion,  the 
ition  of  leeches  to  the  temples  or  mastoid  process  may  give  relief; 
eforo  applying  ihcra  it  would  bo  well  to  try  the  effect  of 
sffusion  to  the  he-id,  the  trtink  and  limbs  being  wrapped  up  in  a 
t.  Severe  hejidaohu  may  Ix^  relieved  l»y  tlie  sjinic  infKlo  of  treats 
or,  except  in  young  children,  by  the  application  of  a  niustai'd 
e  to  the  biick  of  the  neck.  Coustii^Jition,  which  fre<piently  attends 
•ebr&l  eymptoras^  should  be  ti-eated  by  copious  cool  enemas,  with  or 
t  the  axldition  of  cAstor  oil.  When  relief  hfis  l>een  obtained  by 
Whxc  niuisures  the  pJicks  or  baths  may  be  repented  at  longer 
^;and  their  use  may  }>e  a.ssociated  with  cert4iin  antipyreiic  ib'ngs : 
Bfiie  most  valuable  is  quinine.  The  dose  of  the  sulphate  may 
ighly  estimated  at  alx)ut  u  gr.iin   three  times  a  day  for  each  year 

child's  age,  with  a  maximum  for  adtdts  of  twenty-five  to  thirty 

in  the  day.  ^V^len  diarrhn*a  is  present  VieroHt  recommends 
B  of  quinine  in  doses  afK>ut  thnu;  times  as  great  as  those  of  the 
te ;  it  hits  the  further  ad^"antJlge  of  l>eing  less  bitter  and  more 
'  taken  (in  jxiwder)  by  children.  l{rf)mide  of  jxitas«ium  bits  been 
ly  recommended  by  Rarthez  and  Sanm-  in  high  fevci'  with  marked 
tion  of  the  head  or  lungs,  and  in  convixlBions.  Small  doses  of 
1  may  be  of  use  when  there  is  much  excitement,  irritability,  and 

sleep  At  the  commencement  of  the  disease  ;  but  if  there  be  sigus 
kneits  of  the  heart  this  drug  should  be  used  with  care,  or  avoided 
i.  II. — PT.  I  2  D 


403 


SYSTEM  OF  MEDICiSE 


altogether  ;  the  same  remnrk  applies  to  antipyrin.    The  last-iiaUMN 
however,  %\nll  BonietinieB  give  good  results  when  the  fever  is  high 
onset,  ^rith  much  excitement  and  sleeplessness:  it  may  Ihs  given  et 
three  tlwus  during  the  day,  or  in  one  dose  in  the  afternoon,  when 
sometimes  pnwuro  sleep.     The  maximum  quantity  which  a  child 
twelve  years  of  age  should  receive  in  a  day  ought  not  to  exceed 
grains ;  and  in  all  ciu^os  in  which  there  ara  nigns  of  cardiac  weakiia 
Ifetter  to  avoid  internal  antipyretic  remedies  altogether,  or  to  p% 
quinine.     In  eases  of  the  typhoid  and  asthenic  form  hydrothenipy 
contra-indicated,  but  should  I>e  u^ed  with  discrimination.    Henoch  i; 
mends  hot  baths  or  mustard  baths,  with  simultaneous  cold  affusions 
head.     Alcohol  is  a  most  useful  dnig  to  use  in  these  oa^cs  in  con 
tion  with  the  cold  water  treatment ;   it  is  a  good  plan  to  give  a  d 
good  brandy  or  whisky  a  few  minutes  before  a  bath  or  the  applicati 
a  fresh  ^lack.     Vierorrlt,  who  herein  seems  to  i-etleet  current  GcrmaJl 
tice,  strongly  recommends  in  serious  cases  i^ith  marked  hcarl-failui 
subcutaneous  injection,  whenever  the  pulse  fails,  of  a  solution  of  okl 
in  oil  (1  in  10  ;  or  for  children  under  three  years  I  in  SO).    From  \\ 
to  §  or  J  grain  may  be  given  in  this  wa}^  to  a  child  of  two  to  1 
years  of  i^e.     The  hypjdcnnic  injection  of  cciffeine  in  similar  d^ 
stance*  mny  also  give  good  i-esulta.     The  doee  should  be  two  to  I 
grains  dissolved  with  an  cqiuil  ijuantity  of  ben«oat«  of  soda  in  st«rii 
water.     In  children  about  pulwrty,  and  in  ailults,  strong  coffee 
use^l   instead  of  caffeine.      Severe  haMuorrhagic  measles  must  bo 
on  the  same  pidnciples  as  the  typhoid  form,  but  the  results  are  excee 
unsatisfactory. 

Jtrhitiff  of  tht.  skiiiy  which  is  sometimes  very  distressing, 
relieved  by  local  rubbings  ^vith  carbolic  vaseline  ointment ;  an  id 
ouitment  (.^l  to  .^iiL)  is  said  not  only  to  relieve  irritation,  but  if  I 
early  to  al>ort  the  disease  ;  I  have,  however,  no  experience  of  the 
meat,  which  does  not  seem  to  have  been  gencraJly  adopted.  1 
desquamation  warm  Iwiths  fthould  be  used,  taking  special  precnutii 
avoid  giving  cold.  One  or  two  baths  with  soap  and  water  should  bft 
at  the  end  of  convalescence,  before  the  patient  returns  to  other  ch 
Epu^nju  does  not  call  for  special  treatment  except  when  very  copi 
continued.  When  not  severe  it  will  generally  be  reoilily  stopp 
the  injection  of  hot  wat«r.  If  inspection  shew  that  the  bleeding 
from  the  front  of  the  nose,  the  antenor  pjirt  of  the  nose  may  be  p 
with  Antiseptic  wool  smcjued  with  some  antiseptic  ointmcnL 
posterior  nares  ought  only  to  bo  plugged  as  a  last  resource,  as  tb 
([uicldy  becomes  extremely  foul,  and  may  determine  severe  phar 
or  set  up  acute  otitis  media.  Laryn^itiSy  if  sevei\\  may  be  trottl 
frequent  short  inhalations  of  steam,  or  by  the  pulverisation  of  n  oi 
cent  solution  of  boric  acid  or  common  salt,  and  by  the  appliaition  \ 
ice-bag  to  the  front  of  the  neck.  The  patient  should  l>e  oncou 
check  the  cough,  and  will  be  assisted  by  the  use  of  a  linctus  uon| 
small  quantity  of  morphine  or  codeine.     Attacks  of 


'  mus  siriilulitjf,  will  >)e  relieved  by    vory   hot  compresses^  applied 

n  nr  lifti'cn  miriiitos  until  the  skin  is  very  red.  Sometimes  in 
bildrcn  much  relief  in  ol)tiiined  hy  the  tipplictition  of  one  or  two 
Alx)ve  the  manubrium  sterni.  Bmurhitis  or  hronrJwpnetononia 
nasi  iic  treated  upon  iho  general  principles  which  i;iiido  the  nianagc- 
oent  of  tbeao  diaorders  when  they  oc^ur  indopendcntly  of  measles  (rida 
yd.  V.  pk  36).  The  same  remai'k  applies  to  dMrrhccn,  which  is  sometimes 
eXDRDolr  troublesome. 

Much  lurtv  be  done  to  prevent  the  occurrence  of  otitis.     In  addition 

toOie  use  of  tlie  antiseptic  nmuth-washea  and  gargles  already  mentioned, 

ibfi  nose  and  nu-^o-phan-nx  phonld  he  cleansed  with  a  warm  solution  of 

boric  acid  andlwrax,  introduced  into  the  nose  by  means  of  a  coarse  spray 

'  '^  the  gentle  use   of  a  syringe.     This  should   be  followed  hy   the 

■  ion  of  an  antiseptic  ointment  with  a  camel's  hair  pencil.     The 

;i  old  enough,  should  l>e  encouraged  to  blow  its  nose.     In  younger 

'  n,  and  in  all  cjises  in  which  deafness,  or  tinnitus,  is  present,  the 

:   Politzer's  bag,  which  clears  the  nose  and  imso-pharynx  and  the 

-■-  ><i  the  Eustachian  tube,  has  been  recommended  ;  but  it  seems  to 

be  open  to  the  objection  that  infective  nirtterial  may  thus  be  forced  into 

ibeniidtlle  ear.     Politzor,  indeed,  maintains  that  there  is  merely  a  con- 

*Wiition  of  air  in  the  tube  and  tjTupanum,  not  a  transference  from  the 

•h  irynx  to  the  ilrum-c;ivity  :    however  this  may  be,  I  am  indebted 

Dundas  Grant  for  the  observation    that  the  risk   is  abolished   or 

liiminished  if  the  naso-pharvnx  have  been  prenously  cleansed,  in 

L_ainer  de9cril»ed  above.     In  his  opinion  the  occuri-ence  of  pain  in 

Tlieewis  an  indication  that  only  the  very  gentlest  inflation  should  bo 

owl    In  such  cases  relief  may  be  obbtined  by  the  instillation  of  a  few 

<lr&tsof  A  warm  watery  solution  of  cocaine  and  ati-opine  (2  to  3  i>er  cent). 

W  I«Liii  or  deafness  persist,  or  if  inspection  of  the  tympanic  membnine 

tiiew  ruarketl  congestion,  puncture  may  give  relief ;  ami  this  operation 

Wight  cerUiinly  not  to  Iw  delayed  if  pus  be  detected  bulging  the  mem- 

littne  forw:ird.     The  wound  made  by  the  knife  healw  (piickly.     In  some 

■'uee  tnfUmmation  of  the  lymphatic  glands  l>clow  the  ear  may  bo  aaso- 

o««d  with  the  ear  disease ;  after  the  ear  itself  has  been  prn(ierly  treated, 

WUdonmi  fonLcutations  over  these  enlarged  glands  will  atwist  in  pre- 

-'  suppuration-     After   the  subsidence   of  the  acute  inflammatory 

L'luce,  politzerisation  and  attention  to  the  nasopharynx  are  udled 

^^  if  deiifness  persist.     Otorrhcea  is  best  treated  hy  the  insufflation  of 

l*»iler«J  boracic  acid. 

During  cunvalescence  the  {latient  should  be  fed  well,  dressed  warmly, 
guarded  from  draughts  when  perspiring.     It  is  not  adWsablc  hb  a 
tine  measure  t<j  recommend  change  of  air,  especially  in   the  winter, 
il  three  or  four  woek^  at  least  after  the  dii^ippearance  of  the  rash. 

DA^-SON   WlLUAMS. 
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GERMAN    MEASLES 

By  Dawoux  WitUAMS,  >LD.,  F.E.C.r. 

SyN'ONYMS. — E^mUmie  rosrra^h,  Ilnhfiln^  Jiiiftfola  nothti 
Ger.  liothlH  ;  Fr.  JivhroU. 


GBiaCAX  Measles,  or  Unbella,  is  a  specific,  infectious,  eniplive  (er«- 
characterised  by  a  long  period  of  incubation,  alij^ht  prfulnmui,  a  nie*- 
rcd  papular  rash  of  short  duration,  phaiyngitis,  and  adenilis. 

it  is  not  possible  to  give  an  altogether  6.itifif victory  description  uf  the 
epitlemic  diseime  to  winch  the  iiuuio  German  ini<A8]o8  is  commonly  nppUft) 
in  this  country.  The  existence  of  sudi  a  disease  is  denied  by  some 
authors  (1),  who  would  refer  all  the  «wes  either  to  meiuilee  or  to  scarlet 
fever ;  while  othere  believe  that  un<ler  thi.s  name  are  included  two  or 
more  acute  specific  disoixlers,  distinct  from  measles  and  scarlet  fever  noA 
from  each  other,  llie  opinion,  at  one  time  prevalent,  that  the  diseaw  ts 
a  hybrid  of  measles  and  *cnrU*t  fever  appeai-s  nn«-  to  I»e  a)>andouod. 

There  seems,  in  fact,  to  l>e  little  reason  to  doubt  that  an  acute  apedfic 
disorder,  usually  predentin';  s'v-iuptoms  not  iinlike  those  of  raeaslas  bat 
sometimes  more  nearly  reseinl>ling  th<j«e  of  scarlet  fe%or,  docs  occur  at 
irregular  intervals  in  epidemics  of  limited  e.vtent ;  and  that  this  epidctmc 
<Hsorder  does  not  atfortl  any  protection  against  measles  or  scarlet  fever. 

Etiology. — The  suflferers,  as  a  rule,  are  childicn,  mairdy  Iwtwocn  the 
ages  of  five  and  fifteen  years ;  and  the  scves  ai-o  e<]uaJIy  liable.  The  diseaso 
has  been  chiefly  observed  in  the  northern  temperate  climates,  ospecially 


tt»  (iennany.  Circat  Britain^  And  the  Northern  States  of  America.     It 

a(ip*urs  to  be  rare  in  ymnce  and  Italy.      It  has  been  said  to  be  more 

■"  ir:-.Tnon  among  the  pooi-or  cljisaes,  but  this  ojiinion  is  jirohubly  erroneous. 

f        -imcfl  lire   not   infreq\icnt  in   public   Rch(W)Is   in   this   country.      In 

.iji^bud   Hnd   Germany   the   rjist-ase    is    most   prevjilent   in   the   spring 

]«iifi  early  siiranifr;    but  in  Amerita,  it  is  aaid,  in  winter  and  spring. 

T^e  (ii*rftse  ia  commonly  contracted  by  pei^sonal  intercourfie  ;    there  is 

iudotfl  tio  cleiir  evidence  that  the  infection  can  be  retJiined  by  fomites. 

The  Incubatton-perlod  is  not  well  determined.  The  inien*nl  l)etween 
^XfKiMin.'  to  infection  and  the  api>earance  of  the  rash  is  proljably  most 
^lile^i  aeventeen  or  eighteen  days;  but  it  may  K;  two  oi*  three  days 
nwre.  or  five,  or  even,  i^rhaij*,  seven  days  leas.  A  pjitient  who  has 
enrtncted  the  disease  is  capable  of  conveying  the  infection  to  others 
tin)  or  three  dayj^  before  the  nish  appears — that  is  to  say,  while  he  is 
bifiuelf  qnite  free  from  any  obviotis  symptoms  of  illness.  The  capa- 
Witr  of  infecting  others  remains  during  the  ]iresence  of  the  rash,  but 
Mpidly,  and  in  mild  cises  disapperirs  in  a  week  ;  though  it  may 
,i-t\e  longer  after  more  severo  attacks,  or,  porhai)8,  when  there 
tfiiiijvh  lifsquamation. 

Syroptoms, — The  prwlrotnal  symptoms  are  slight,  and  their  duration 
■  *hort,  not  more  than  twelve  hours ;  or  the}''  may  Iw  absent  jdtogether : 
•«  Uie  other  hand,  in  the  mure  severe  attacks  the  patient  may  fur  two  or 
tirw  (lays  experience  malaise,  dulness,  and  heathiclte,  accompanied  by 
9m  sulfiision  of  the  eyes,  soreness  of  the  throat,  alight  cough,  pain  in 
lip  bock,  and  glandular  enlargement 

C'ommoidy  the  first  symptom  noticed  is  the  appeiu*ance  of  a  discrete, 

f«uk,  papular  rash  behitid  the  ears  and  about  the  orifices  of  the  nose  and 

Oirtith.     Riirely  in  any  case  is  the  appeamnce  of  the  rash  delayed  lieyond 

tie  wcond  day.      In  rare  cases  it  appears  first  on  the  back  or  chest.      It 

aay  extend  very  nipidly  U>  the  tmnk  and  limbs,  or  more  slowly — [losaibly 

«Tai  with  distinct  intervals,  so  that  there  are  two  or  throe  crops  ;   in 

oUwr  cafte  it  may  have  faded  on  the  chest  and  face  before  invading  the 

Hnibs.     The  character  of  the  eruption  may  vary  in  different  cjises,  and 

in  the  same  case  at  different  stages.     At  first  it  consists  only  of  slightly 

raised  papides,  which  disappear  on  pressure,  and  are  of  a  bright  rose-red 

lour.     The  8ix>ts  are  lighter  in  colour,  have  less  defined  e^lges,  and  are 

lOre  widely  scattered,  at  any  rate  at  first,  than  in  measles  ;  and  they 

axe  not  arranged  in  a  crescentic  manner.     The  ra»h  in  any  particular 

area  may  begin  to  fade  in  a  few  hours,  and  fading  is  seldom  delayed 

beyond  twelve  hours ;  but  before  this  occurs  the  eruption  may  undergo 

A  roarkefl  change,  owing  to  the  spread  of  a  bright  red  flush  on  the  face 

and  neck,  white  at  the  same  time  the  limbs  become  covered  by  a  fine 

punctate  rash  indistinguishable  from  that  of  scarlet  fever.     The  rash  is 

not  accompaniefl  by  any  itching.     Tlie  temiieratnre  in  mild  cases  rises  to 

100  or  101'  F.  when  the  rash  ap]>ear8,  and  it  falls  to  the  normal  about  the 

third  day  as  the  rash  finally  fades.     In  more  severe  cases,  esxjeeially  if  the 

cKtarrbftl  symptoms  of  the  prodromal  stage  be  well  marked,  the  temperature 
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rises  to  100 '  or  102'  F.  before  the  rash  appears ;  gobig  up  ono  or  two 
degrees  when  the  rush  c't>mc8  out.     In  the  ntre  cp-ses  in  which  e^n^w 
complications  occur  the  temperature  may  he  niaintatneil  at  a  bi^h  Itul 
until  they  submde.     The  amount  of  cntiurh  ivhidi  aocompHnies  or  prr 
cedes   the  rash  varies   f^refitly.      As  a   rule  there  is  some  sore  thma, 
nccompaniod  often  by  enlargement  of  the  tonsils ;  and  a  general  rediit« 
of   the   paUte  and  pharynx  has  been  spoken  of  as  an  enantbeni      ' 
pharyngeal  catarrh  \a  more  dilt'iisc,  and  perhaps,  in  relation  to  th- 
perature  and  the  general  condition  of  the  patient,  more  f«%'ere  thiui  n. 
measles.      The  oye^  are   suH'tiKtx]   and  water,  but   there  ia  little  or  na 
photophobia.     A  dry  cough  niiiy  be  a  source  of  some  discomfort,  hut 
far  from  a  constant  symptom.     The  patient  may  pi-esent  some  sign^ 
bronchitis,  which  rapidly  jwiss  away  as  the  nwh  fades. 

In  the  great  majority  of  cases  there  is  little  or  no  depression  or 
of  disoorofort,  and  the  patictu  may  assert  that  he  is  perfectly  well 
fur  the  rash  on  his  face  and  a  certain  amount  of  sore  throat.  EnUi^ 
ment  of  the  glands,  especially  the  |>osterior  cervical,  those  liehind  d» 
angle  of  the  jaw,  and  along  the  sterno- mastoids,  is  almost  conaiant: 
and  in  some  cases  those  in  the  axilke  and  groins  will  also  be  found 
to  be  cnlargerl  and  tender ;  though,  as  :i  ride,  tlie  ]*atient  nukc^  tin 
complaint.  This  enlargement  of  the  glands  about  the  neck  \n  alu.* 
an  early  symptom,  and  may  be  detected  as  long  as  a  week  Iwfott  lii' 
rash  appears. 

Convalescence  commonly   Ix^gins  as  the   rash   fades ;    the   catarrbAl 
symptoms  sul3side  rapidly,  but  the  enlargement  of  the  glands  may  peniA 
for  a  week  or  ten  days  or  a  fortnight  longer.     Desquamatiou  does  nut 
occur  in  all  cases.     According  to  Dr.  ('Icment  Dukes,  when  the  rash  U 
most  markedly  of    the    mejisles    ty|>e  it   is   commonly  very  slight    and 
branny,  or  absent ;  moix*  ropious,  but  Ktill  branny  or  in  small  dcaltis  y^^yta 
the  rash  more  nearly  resembles  that  of  scarlet  fever.     A  alight  rash  ift 
commonly  followed  by  slight  desquamation  ;  a  severe  rash  may  or  may 
not  Ikj  followed  by  copious  desquamation.     The  rule  is,  on  the  whole 
that  a  severe  widespread   rash   is  followed  by  extensive  dosquarii  ■ 
involving  even  the  hands  and  feet.      In  mild  cases  de^quaniittion  ii 
over  within  a  week.      In  such  cises  it  should  l>e  lotikcd  fur  in  piiru  oi 
the  penM^n  least  c'xiK>sed  to  friction,  especially  below  the  cla\icles. 

Complications  and  Sequels. — As  a  rule  German  measles  runs  iu 
coui-so  without  complications ;  when  they  occur  tbcy  art)  of  the  catarrhal 
tyjxj.  Tho  angina  may  be  severe  and  accompanied  by  the  formation  o< 
false  membranes  on  the  tonsiU ;  swallowing  is  then  piiinftd,  and  the 
childn  life  may  be  put  in  danger  b)-*  the  depression  and  interference  with 
nutiition  due  to  this  cause.  The  bronchitis  which  sometimes  accom* 
panics  the  nish  may  Ije  severe  an<l  persist  after  the  i-ash  fadejt,  or  broncho- 
pneumonia may  ap[>ear ;  picuro-pneumonm  has  also  been  observed  ns  a 
complication.  Slight  albuminuria,  with  some  generalised  wdeina  fir^ 
noticeable  about  the  face,  has  been  oWrve<l  in  a  few  caaea.  Tlte 
pharyngitis    has    sometimes    been   accom|ianied    liy    laryngitis,  and    by 
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Qiirknces  of  implication  of  the  middle  ear.  It  would  fteom  tlial  serious 
icatioDs  occur  only  in  cachectic  children,  or  in  those  spociiiUy  pre- 
to  bronchitis  and  l>ronchopnoninoni;i ;  in  them  only  do  clu'onic 
oorya  and   chronic  enlargements  of  the  tonsils  and  glands   persist  as 

In  some  epidemics  a  few  ciises  of  relapse  huve  heen  recorded,  the 
ftlir*"Als  varrinu'  from  a  few  days  to  two  woeks  or  even  more. 

The  progTioslSf  so  far  as  the  disease  itself  goes,  is  alwa^'s  good,  and 
'  1  ry  is  usually  complete  in  a  fortnight;  though,  even  in  healthy 
I  11,  some  general  deterioration  in  health  may  i>emain.  The  only 
'alion  is  that  in  cachectic  children,  or  in  those  already  suffering 
.u  ftoioe  serious  chronic  disorder,  such  as  tuberculosis,  a  fatal  termina- 
appcars  eomccimes  to  be  determined  by  an  attack  of  German 
lies. 

Aberrant  Forms.— Among  the  cases  commonly  classed  as  German 
M  there  are  some,  which  occur  genendly  in  groups,  characterised  l>y 
absence  of  prodromal  symptoms,  by  the  very  mild  type  of  the  general 
|)t<»mH  (the  temperature  being  little  if  at  all  raised),  by  the  absence 
•ore  throat,  coryza,  or  catarrh,  and  of  enlargement  of  the  lymphatic 
is.  The  Council  of  the  Medical  Officers  of  Schools  Associntion,  in  a 
suggests  that  these  groups  of  cases  are  really  example*  of  an 
matous  disease  distinct  fi-om  rubella.  The  name  "infectious 
"  or  "infectious  rose  rash"  is  proposed  as  the  designation  of 
rder.  The  cases  are  met  with  most  often  in  summer,  and  their 
rt  are  thus  described  in  the  document :— "  The  rash  appeiu^ 
enly,  usually  with  but  slight  fever,  on  the  neck,  Hmbs,  and 
tnirik ;  its  distribution  is  irregular,  and  the  face  frei^uently  esca]>es 
illog^ihcr.  The  eruption  consists  of  large  rounded  areas  of  bright 
ml,  closely- aggregated  spots  5cai"cely  raised  above  the  surface  of  the 
JIu3he«i  skin.  U  ix-^ins  to  fade  on  the  jiarts  first  attacked  as  it  extends 
dufwherc,  and  usually  disappcais  within  thirty-six  hours,  the  slight 
pyrexia  subsiding  with  it.  There  is  scarcely  any  interference  with  th^ 
general  health  :  the  fauces  may  l>e  slightly  reddened,  but  there  is  no 
sppreciablc  sore  throaty  eor)'xa,  or  catarrh,  and  no  enlargement  of  the 
lymphatic  gUnds." 

Or.  Clement  Dukes  believes  that  sufTusion  of  the  conjunctiva — pink- 
eye— may  be  the  only  symfitom  of  an  attack  of  German  measles; 
ihoogh  the  jjittient  may  conmuuucate  the  fully  developed  disease  to 
others.  He  believes  also,  aud  there  seems  to  me  great  probability  in 
the  suggestion,  that  Ocnnan  measles  may  give  evidence  of  its  existence 
onlv*  by  producing  slight  feverishnesa  and  some  enlargement  of  the 
iphatic  glands  throughout  the  Iwdy.  The  suggestion  is  the  more 
by  of  note  as  in  France,  where  German  measles  would  ajipcar  to  be 
very  seldom  observed,  some  writei's  have  described  a  "glandular  fever" 
children  which  is  apparently  infectious,  but  is  clearly  not  the  disease 

lied  under  this  name  at  p.  501. 
Treatment, — ^An   ordinary  case   hardly  calls  for  any  treatment  by 
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drugs.  The  patient  should  be  kept  in  bed,  much  as  he  may  object — 
and  commonly  he  will  object  much — until  the  rash  has  completely 
disappeared.  Catarrhal  complications  should  be  treated  as  the  like 
symptoms  in  measles.  The  patient  should  be  kept  in  bed  for,  say,  five 
days  ;  for  three  or  four  days  more  he  should  be  kept  indoors  ;  then,  while 
still  isolated,  he  should  have  as  much  fresh  outdoor  air  as  is  possible. 
Desquamation  does  not  contra-indicate  outdoor  exercise. 

Dia^rnosls. — In  the  accompanying  table  are  classified  the  symptoms 
upon  which  reliance  must  chiefly  be  placed  in  making  the  diagnosis 
between  German  measles,  measles,  and  scarlet  fever  (2). 


[Table 


Prophylaxis.^As  the  dieeasc  is  certainly  infectious  before  the  &] 
ance  of  the  rash,  isolation,  to  bo  effective,  must  bo  enforced  before  tfe* 
disease  can  be  diagnosed  with  c*rlaiuty.  Practicnlly  the  only  fair 
course  is  to  separate  all  susceptible  persons,  who  have  be<>n  expnsefl  to 
infection,  from  others  who  have  not  been  so  exposed,  until  the-  end  of  lie 
thiril  week  after  tlie  date  of  exposure  ;  if  nt  the  end  of  thnt  time  Lheyar« 
free  from  elevation  of  teinpeiiiture,  from  enlargement  of  the  glands,  ami 
from  sore  throat,  they  nuu*  be  assumed  to  have  escaped  the  disease, 
this  rule  be  followed,  mist^ikes  will  very  seldom,  if  ever,  l»e  madov 
adults — whether  because  most  adults  have  already  suffered  from  a  fn 
gott^jn  attack  of  <icrman  measles,  or  because  the  adult  age  does  corie 
immunity — are  little  liable  to  the  disease,  this  quarantine  mny  perbi 
safely  be  relaxed  in  their  case.  A  patient  recovered  from  fJerwim' 
measles  shoiUd  not  be  allowed  to  mix  with  other  susceptible  penon* 
until  three  weeks  have  elapsed  from  the  beginning  of  his  illness,  no 
until  after  be  has  taken  a  scries  of  general  baths  to  which  some  di 
infectaiit  may  be  adderl,  though  few  are  superior  to  soap.  especiAlI)* 
soap.  Although  there  is  no  [Ktsitivo  evidence  that  infection  am 
convoyed  by  clothes,  the  disinfection  of  those  l>elonging  to  the  palici 
api>ears  to  be  a  reasonable  precaution.  In  mild  cases,  especially  in  ti 
of  the  measles  type,  the  period  of  isolation  after  an  attack,  above 
mended,  may  be  diminished  by  a  week.  Dr.  Clement  Dukes*  oxperieii* 
is  that,  if  disinfection  be  pnictised,  the  persistence  of  desquamation  »ii 
the  third  week  need  not  be  held  to  render  further  isolation  necesswy. 
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SCARLET   FEVER 

ByF.  KoeEW  Caiokb,  M.D..  F.R.C.P. 
The  lections  on  BActeriology  and  Hiumatology  by  LkonaiU)  S.  DlTVOBOiC.  U.1 

Synonyms. — Smrhtmi,  Febris  nifmi ;  Ger.  Schnrhch ;  Pr.  Scmiati 
FifTrt:  ronor  ;  Iljil.  Srmhitthmj  Fthhrt  rossa. 

Historical  Survey;  Prevalence.  —  The  onginal  habiial  of  s( 
fever  is  a  matter  of  uncertainty,  although  from  the  earliest  rocordi 
which  any  reliance  can  be  placcl,  and  from  subsequent  data,  we 
justified  in  assuming  that  the  disease,  at  any  nite  for  the  |iAst 
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Kntories,  hna  shewn  a  marked  predilection  for  Knropeaii  soil.      It  io 

>ttert«d  by  Collie  that  scarlet  fever  existe^l  in  the  time  of  Uippocrates, 

uid  indeed  it  has  been  assiimefl  that  the  Plajjue  of  Athene  was  .i  mjili^ant. 

lonn  of  the  malady,  but  the  interpretation  of  the  cases  (juoted  iti  support 

fj  ibese  opinions  may  be  fairly  ciiUed  in  question,     llir^tch  believes  that 

UiB  carbest  definite  record  of   suirlet   fever   dates  from   l.'>43,  jijid  be 

Men  to  an  epidemic  at  that  date  in  Sicily  ;  it  is  stated  by  Haeser  tlmt 

the  disease  was  brietly  alluded  to  in  the  writings  of  Ingrassia  of  Palermo 

h  the  year  1550. 

In  the  following  century,  however,  we  get  upon  firmer  ground,  for 
elw  indications  of  its  prevalence  in  I'nissia  during  the  first  half  of  the 
fTith  century  aro  to  be  found  in  the  ^Titings  of  Doring  mid 
;  ;,  and  of  Winsler  and  Fehr — although  great  confusion  at  that 
time  existed  between  si'arlet  fever^  measles,  erysipelas,  and  (iit  all  pr'o)>n- 
WKir)  diphtheria.  This  confusion  wtm  recognised  by  Sydenham,  who,  it 
««D^  was  the  first  to  christen  the  disease  "  scarlet  fever."  His  careful 
ipiion  of -the  diwmler,  its  it  [)revai!ed  in  Tiondon  durin;^  the  years 
to  1675,  not  only  laid  the  foundation  of  an  accurate  knowledge  of 
pecial  characters,  but  at  the  same  time  clearly  diftVrentiated  scarlet 
cr  from  measles,  with  which  it  iuid  l>een  hitherto  confounded.  Morton, 
erer,  a  contemporary  of  Sydenham,  continued  to  speak  of  the  disease 
Morbilli  conflueut«s,"  being  evidently  unimpressed  by  the  distinction. 
*nham  undoubtedly  unden-ated  the  im|^tfirtance  of  scarlet  fever,  and 
n  vent  so  far  as  to  say  that  it  hardly  deserved  the  name  of  disease  ; 
till  evidently  never  seen  it  in  a  severe  form,  aiui  he  makes  no  allusion 
(hrojit  as  a  symptom  of  the  affection.  This  seems  all  the  nioif 
ry,  when  it  is  remembered  tlmt  so  much  confusion  has  con 
ly  existed  between  the  diagnosis  of  scarlet  fever  and  diphtheria, 
Hirsch  suggestively  points  out,  the  confusion  of  scarlet  fever  with 
of  thr<:iat  illness  has  increased  in  proportion  as  the  diU'erentiii- 
from  measles  hits  been  recognised. 

Since  the  time  of  Sydenliam  outbreaks  of  scairlet  fever  of  varying 
WWrily  have  been  frequent  in  this  coiuitry  ;  and  its  constant  presence, 
in  A  more  or  less  sporadic  form,  in  the  large  towns  of  Western  Kmx>pe 
hu  not  been  without  its  influence  on  the  death-rate. 

The  continents  of  Asia  and  Africa,  except  in  isolated  localities,  have 
■hewn  b\it  little  tendency  to  provide  a  field  for  scarlet  fever,  but  America 
has  l>een  by  no  means  exempt.  The  dise^we  seems  not  to  have  reached 
N'orth  America  until  the  year  1735,  when  it  first  appeared  in  Massa- 
cbmetts ;  fi-om  thence  it  spread  over  the  whole  of  the  New  England 
Stales,  reaching  New  York  in  the  year  174C.  During  the  latter  half  of 
the  eighteenth  century  outbreaks  of  scarlet  fever  are  reportetl  at  irregular 
intervals  in  the  stjttes  lying  along  the  easteni  and  south-eastern  shores  of 
N^ortb  America.  In  the  year  1791  it  penetrated  into  the  interior  for 
the  first  lime,  reaching  Canarla  and  the  Northern  States  during  the  early 
s  of  the  nineteenth  century, 
t  was  apparently  not  until  the  year  1830  that  the  disease  obtaiited 
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a  foothold  in  .South  America,  since  which  time  it  hns  become  generaJlr 
dirt'use<l  over  the  continent,  where  it  ofton  appears  in  wjdespre*(l 
epidemics,  chnracteriaed  at  times  by  considemble  malignancy. 

According  to  Hiracb,  scarlet  fever  ai>pejired  in  Pfjlynesia  for  the  first 
time  in  1.H4M;  it  arose  simultaneously  in  New  Zailand  and  Tasnfiftnia. 
whence  it  spread  to  the  Australian  continent  a  fe*v  years  later. 

On  oareftdly  siirvoyln;:  the  iworda  of  soarlot  i^^vex  epi(ic;micj?i  in  the 
jrast,  it  U  manifest  that  nothing  approaching  periodicity  hjis  chamct^risod 
its  epidemic  prevalence.  Kpidemics  of  the  disease  have  occurred  aX 
irre;,nilar  times,  ofton  sepanitcd  by  iniervaU  of  twenty  years  or  more ; 
but  having  once  obUiined  a  foothold,  the  period  covered  by  the  opidemic 
has  usually  extended  over  several  years.  Besides  an  absence  of  period- 
icity in  the  epidemic  cycle  of  scarlet  fever,  it  should  also  1m*  nnt^l  that 
during  the  intervals  there  has  not  usually  been  the  more  or  less  complete 
disappearance  of  the  diseiise,  which  we  see  in  measles,  snuiU-pox,  and 
typhus,  but  tiiat  there  has  lieen  a  tendency  for  scarlet  fever  to  hang 
about  the  locality  in  a  sporadic  form,  and  occasionally,  by  the  aggrega- 
tion of  civsesr  to  constitute  a  minor  epidemic. 

The  constant  presence  of  scarlet  fever  in  the  north-western  conn  ■ 
of  Eiirop6>  and,  with  certjiin  local  exceptions,  the  equally  co 
immunity  enjoyed  by  the  tropical  and  subtropical  regions  of  Asia  ami 
Africa,  are  as  tine  of  the  present  date  as  of  old.  That  ita  coin|Kinf 
tivo  prevalence  is  in  no  way  dependent  upon  the  facilities  of  human 
intercourse  is  shewn  by  its  complete  alwence  in  an  epidemic  form 
from  certain  countries  which  lie  along  the  main  routes  of  traffic 
throughout  the  world- — such,  for  instance,  as  Kgypt,  Intlia,  Biirmah, 
Ceylon,  the  Straits,  China,  and  Japan,  although  its  importJition  has  l*ecn 
luid  is  a  matter  of  frofjuent  occiUTencc.  The  prevalence  of  scarlet  fevar 
in  an  epidemic  form  on  the  continent  of  Australia  is  not  common, 
whereas  from  the  populotis  districts  of  North  America  it  is  practically 
never  absent. 

Although  the  epidemic  prevalence  of  scarlet  fever  in  the  United 
Kingdom,  as  a  whole,  or  even  in  any  considerable  district  uf  it,  is 
chniacteiised  by  a  marked  absence  of  periodicity,  yet  in  ninny  latyi' 
manufacturing  towns,  in  which  the  disease  is  now  iiracticAlIy  endemic,  » 
tendency  has  been  apparent  of  late  to  the  recurrence  of  a  regidar  epidemic 
extension  every  few  years.  This  may  fairly  be  regarde*!  in  the  light  of 
a  definite  local  cycle. 

It  is  [Kmsible  that  during  the  last  thirty  years  the  prevalence  of  scarlet 
fever  in  this  country  hjis  inidergone  some  diminution,  but  trustworthy 
evidence  on  this  point  is  difficult  to  obtain.  The  mortality  returns,  it  is 
tnie,  shew  a  progressive  fall  in  the  number  of  deaths,  but  as  the  typo  of  ' 
disease,  as  shewn  by  the  hospitjd  fatidity,  has  undergone  a  coincident  im-  ' 
provement,  no  inference  of  any  value  can  be  deduced  from  them.  Tlw 
notification  roturnn,  which  yield  the  only  reliable  information,  shew  that 
since  the  year  1800,  when  the  Act  first  avme  into  operation,  as  rcgarda 
London,  at  any  rate,  there  has  been  but  little,  if  any.  sign  of  abatera 
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Tablk  I. — Averaj;e  aimuul  numW  of  Deaths  from  Scarlet  Fever  per 
loiUion  living  in  succ(!ssi%e  cininquenniu  since  the  sefiunite  inbiilatiun 
of  Scarloi  Fever. 


iJou-. 

England  snd  ^Vales. 

London. 

1        1861-1862 

98S 

1119 

1866-1870 

960 

1147 

1871-1875 

759 

fiTft 

187*^-1880 

680 

624 

1881-188fl 

430 

426 

1886-1890 

241 

S44 

1891-1895 

182 

239 

1890-1900 

13fi 

737 

1901 

133 

12H 

1902 

148 

ISl 

1903 

1S5 

77 

The  comiKtrativtily  greater  diminution  in  the  nuni1>er  of  deaths  in 
1»rHlon  than  in  the  country  at  large  since  the  year  1870  is  in  aU 
pro^inltility  rhic  to  the  relatively  large  increase  in  hospital  accummodation 
in  the  metropolis.  The  extension  of  the  practice  of  isohuion  undoubtedly 
t«ndfl  to  lower  thu  fatality  of  scArlet  fever  amongst  the  poorer  classes, 
though  its  iuHucnce  in  checking  the  extension  of  the  disease  has  hecn 
•criously  quesiiotiod  of  late. 

The  dependence  of  scarlet  fever  prevalence  upon  season  is  more 
intiixuitc,  and  the  rogulaiity  of  the  asKiwiation  is  must  strikingly  indi- 
oued^  both  by  the  records  of  large  towns  in  which  notification  is  in  force, 
and  by  an  examinatiun  of  the  Hegistnir-tlenenil's  dcjith-retiuns  since  the 
yesr  1860.  In  Umdon  \alnuble  evidence  uf  the  scJisonal  prevalence  of 
ilie  disease  is  aflfordod  by  the  monthly  admissions  into  the  hospitals  of 
the  iMctropolitAu  Asylums  Board,  which  now  receive  over  80  per  cent 
of  the  scarlet  fever  cases  notified  in  tho  tftivn. 

These  records  go  to  prove  that  in  this  country  scarlet  fever  is  least 
prevalent  in  the  months  of  March  ami  April ;  after  which  a  steady  rise 
takes  place  until  the  mcau  is  passetl  at  some  time  during  the  months  of 
Juue,  July,  or  August.  A  rapid  extension  of  the  discvise  occurs  in 
September,  reaching  its  climax  ustuilly  during  the  month  of  October. 
From  the  l>eginning  of  Novombei-  the  curve  shews  a  stciuly  decline, 
dropping  more  rapidly  during  December  until  the  mean  is  rcjiched  again, 
either  towards  the  close  of  that  month  or  during  the  first  two  weeks  of 
Janwir}'  (see  Charts  5  and  H). 

The  rea5on  why  the  maximum  occurs  somewhat  earlier  in  the  ye^r  in 
Ch^rt  C  than  it  does  iu  Chart  0  is  partly  because  the  former  signifies  the 
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flutes  on  which  the  cases  were  notitic<l,  not  thaae  on  which  the  attacki 
proved  fali*l. 

It  will  l»e  seen  that,  roughly  speaking,  the  prevalence  of  scarlet  fevn 
is  Above  thu  inenn  during  the  last  half  of  the  year ;  and  that  it  is  licW* 
the  mean  during  the  tirst.  jVlthough  this  may  be  taken  as  characteristic 
of  the  behaviour  of  scarlatina  in  European  coimtries,  it  by  no  mnuu* 
follows  that  the  same  holds  good  for  all  parts  of  the  world.  Indeed.  Dr. 
Whitcleggo  states  that  in  New  York  the  seasonal  curve  of  the  disease 
entirely  reversed  ;  and  in  Australia,  a  country  in  which  scarlet  fever  i«  t^j 
no  means  widely  prevalent,  its  diffusion  is  much  more  variable,  Tb< 
regular  seasonal  variation  of  scarlet  fever  is  very  suggestive  of  the  op 
tinn  of  some  climatic  influence  ;  yet  it  must  be  confessed  that  all  attem| 
and  there  have  been  many,  to  establish  any  definite  association  wii 
oithar  temperature,  rainfall,  or  wind-direction  have  been  aignaUy  uop 
duclive  up  to  the  present. 

Epidemic  Type ;  Fatality. — All  the  records  of  scarlatin.il  epidc 
in  the  past  go  to  provo  that  thu  fatality  of  the  disease  io  different  oi 
breaks  has  been  subject  to  enormous  variation ;  and  this  opinion 
confirmed,  up  to  a  certain  point,  by  our  own  experience  at  the  presei 
day.  This  variation  in  fatality  is  marked,  not  only  in  epidemics  widclj 
separated  Ixith  in  time  and  locality,  but  also  in  oulbrcaiks  which  haveK-ei 
simultaneously  prevalent  in  contiguous  localities.  Moreover,  it  has  Iri 
•occasionally  noticed  th.it  thu  type  of  attack  hiis  undergone  n  distin< 
change  during  the  course  of  a  particular  epidemic,  the  usual  tendency  l>eit 
for  the  attacks  to  become  milder  towards  the  close  of  the  outbreak. 

The  ty|)e  of   the  disease  may,  however,  i-emain  constant  for  many 
years  in    a    particular    locality ;    this    is    attested    by  the    m'itinjfs   of 
Sydenham,  who,  as  it  would  appear,  had  never  met  with  a  severe  case 
Ids  own   practice.     Tronaseau,   too,  reports  that  Bretonnean   had  nevi 
seen  a  de;iUi  fn>m  scarlet  fever  in  Tours  fi*om  the  year   171*9  to   1K2! 
but  that  in  the  year  mt24  the  disease  prevailed  in  a  most  malign.-mtff 
ill  the  town  and   surrounding  district.     Graves,  again,  in  describing  tl 
Dnbbn  epidemic  of   1802,  states  that  the  disease  at  that  time  prevail* 
in  a  very  malignant  form  ;  but  in  the  following  year  the  type  complelclj 
changed  and  a  mild  character  was  maintsuned  through  successive    oul 
breaks  for  twenty-neven  ycJirs,  after  which  the  diaea-se  r«sumed  its  form< 
intensity.     The  same  variation  in  severity  has  been  found  in  theepidemii 
of    scarlet   fever   on    the    continents  of  Kurope  and  Ameiica :    but   ii 
Australia  it  has  Iwen  moi*e  uniformly  mild.     A  iiolable  exception,  bow- 
ever,  occurred    in   Melbourne  in   the  year   1874,   when    the   town  wm 
ravaged  by  an  ejmlemic  of  growl  malignancy. 

Many  attempts  have  Inicn  imulc  to  tnioe  a  connexion  between  the 
inUueuccs  of  climate,  season,  soil,  and  locality  and  the  type  assumetl  b] 
scarlatinal  epidt-niics,  but  hitherto  without  success.  Hirsch,  however,  whi 
investigating  the  type  of  265  epidemics  in  relation  to  seaBon^  found 
slight  preponderance  of  severity  in  the  summer  and  winter  months^ 
result  by  no  means  confirmed  in  this  country. 
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The  geneml  mortality  has  varied,  in  different  epidemics,  from  2  or  3 
30  percent;  and  ihere  seems  little  dovibt  that  the  severity  of  the 
lis  counti'y  has  been  gradoally  diminishing  during  the  hist 

k\  compulsory   notification  of   scaHet  fever  has  only  been   widely 

flnfon:ed  since  the  year  IM'JO,  it  is  very  difiicult  lo  obtain   a  long  and 

toQUQUoua  record  of  the  cose-mortjdity  in  any  particular  district.     In 

idon,  howevcri  the  mortidity  of  the  cases  admitted  int<j  the  hospitjils 

ihe  Metropolitan  AsyUims  Hoard  is  of  value  in  arriving  at  an  estimate, 

tkr  now  receive  considerably  more  than  four-fifths  of  the  cases  annually 

161*1  in  the  town.     During  the  hist  thirty-four  years  212,1  f*S  cases  of 

iflver  have  Iwien  treated  with  a  coinbincil  mortality  of  5-4  per  cent ; 

the  year   l.Si4    the   annual  percentage  mortality  has  steiidily 

fctfleri  f rom  12'2  to  3*3,     This  reduction  of  mortality  in  recent  yetws  is 

tlotiht  partly  due  lo  an  improvement  in  the  avcmgc   social  status  of 

[mticnts  received.     ITie  latter  figure,  however,  can  hardly  be  tiken  as 

ilc  representative  of  the  geneiul  scaHet  ft^ver  mortality  of  London  at 

present  day,  as  the  wises  sent  into  hospital  still  include  the  larger 

>[)ortiou  01  severe  attacks. 

A  com|Ntrison  of  the  number  of   lieatha  with   the   number  of  cases 
ifial  in  the  town,  the  only  method  for  which  complete  accuracy  can 
led,  shews  that  since  1890,  when  notification  fii*st  came  into  force, 
lity  of  scarlet  fever  h;i8  gradually  fallen  to  alxiut  a  ludf. 


lULE  IL — Shewing  tiie  Scarlet  Fever  Mortality  in  London  calculateil 
from  Notifications  and  Deaths,  and  that  in  the  Hospitals  of  the 
Metroijolitau  Asylums  Board  during  the  fifteen  years,  lSUO-1904. 
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The  gencml  case -mortality  of  scarlet  fever  in  London  at  the  present 
would  therefore  appear  to  be  about  3  per  cent.  Although  the 
rity  of   scarlatinal  epidemics  in  the  past  has  by  no  means  always 
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varied  in  direct  relaiioti  with  the  socml  statufi  or   euvironment  u[ 
viclimsj  it  is  nevertheless  a  matter  of    common    oljsorration    that  i 
disease    at!e(*t6  with   greater    severity  the    inhuhit^nts    of    thosO   om- 
crowded  dislrictji  of  London  in  wtiicli  [K}verty   is  rife  and  ill-nntritin 


common  than  it  dous  the  more  affluent  classes  living  in  the  coro|a 
luxury  of  the  west  end  and  more  oi>en  parts  of  the  town.     The 


or  th* 

3 


gale  type  of  attack  in  Inrge  towns  is  for  this  reason  a  very  mixed 
Constancy  of  type  is  best  seen  in  mrul  distiicts  and  amoiigttt  the  iiiiujUM 
of  large  institutions.  An  epideiiiic  of  scarlet  fever  arising  in  a  school  or 
oqjhan  asylum,  or  amongst  the  eniployt>a  of  a  cluli  or  large  business  boiuB. 
is  usually  extremely  mild,  either  in  virtue  of  u  healthy  regime  or  th* 
favourable  ago  of  its  victims.  (For  the  personal  factors  inHueociog 
case-mortality,  see  Prognosis.) 

Spread  and  Infectlvlty. — The  contagious  element  of  scarlet  fe 
alway«i  derived  from  a  previous  «ise.  In  most  instances  it  is  tak 
direct  inhalation  of  the  breiith,  or  of  ;iir  chjirged  with  minute  droplets  ft 
mucus  or  saliva  projected  from  the  mouth  or  nose.  In  others*  tboo^ 
probably  more  rarely,  the  disease  is  conveyed  less  directly  by  the  deo 
cateil  discharges  derived  from  the  mouth,  throat,  nose*  or  middle  cstr.  j 
rhinorrhtea  or  an  otorrhnea  occurring  in  connexion  with  scarlet  fever  i 
capable  of  retaining  \u,  infective  properties  for  many  weeks  after  tli 
attack  is  passed,  even  though  it  may  have  been  present  l)efore  the  disew 
was  coutractetl.  The  infeciiWty  of  the  minute  particles  of  the  eutic' 
shed  during  the  earlier  stage  of  desquamation  can  hardly  be  dcniot 
though  the  pari  pluyeil  by  the  skin  in  disseminating  infection,  at  an| 
rate  during  the  later  weeks  of  the  peeling,  is  by  no  moans  ;is  imjtortat 
as  was  formerly  l>elieved. 

That  scarlet  fever  is  not  spreiul  to  any  distance  by  aerial  convectio 
is  well  shewn  by  the  negative  experience  derive<l  without  exception  froi 
certain  of  the  large  fever  hospit^ds  which  are  closuly  surrounded  by  soJ 
tenements,  for  the  most  part  crowded  uitli  young  children.  { 

It  lias  been  asserted  that  scarlet  fever  may  possibly  be  traitsmiite. 
by  means  of  the  urine  in  cases  of  chrottic  albuminuria,  but  ite  actu 
occun'enco  is  curUiinly  not  supported  by  ex|>erience. 

The  virus  may  l>e  conveyed  by  various  articles  which  act  as  carnei 
and  the  risk  connected  with  cups,  8|Kjons,  forkti,  tongue- depressors,  at 
the  noz/.les  of  syringes  which  have  been  Uifcd  for  the  |uitient  mugt  not  1 
overlooked.     Mtmy  instances  have  occurred  in  which  tJie  agency  of  book 
clothes,  linen,  t^iya,  furnitiu-e,  be<liling,  i>arcels,  and  letters,  as  vehicles  i 
contagion,   has  been   clefirly   indicated.      Such   articles   are   capable 
reUiiniug   the  contagion   in  a  potentially  active   form   for  long  pcrioc 
certiiinly   for  several   niontliB,  and   |Missihly  more,  under  anch  favouril 
conditions  jlb  aerijd  stjignation,  moderate  tcmpeniture,  and  the  absence 
daylight.     When  fi-eely  exposed  to  the  destructive  influence  of  light  i 
air,  however,  they  are  speedily  rendered  harmloas. 

In  certain  rare  instainces  it  has  been  stated  that  infection  may  \ac 
bean  transmitted  in  a  doubly  indirect  manner.     A  case  in  point  ia  ralau 
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br  Prof.  Clifford  Allhtitu  A  fatlior,  staying  in  the  houen  of  h  friend, 
VMi,oa  rho  [ilftiform  of  a  station  thiity  miles  uwa}-,  his  son  who  came  to 
tbt*  rtAti'tfi  (n>m  :i  school  in  which  scurlet  fever  Wiw  then  prevalent.  The 
tvu  ipint  an  hour  aimI  a  half  together,  and  then  returned  to  their 
rwprctivc  r|iuirter3.  Within  the  next  four  days  the  lady  of  the  house  to 
vhicb  the  father  returned  fell  ill  and  died  of  malignant  scarlet  fever, 
lather  and  the  ttun  renuiiiied  well.  Althouifh  the  father  made  atixii>us 
to  find  the  cause  oUcwhcrc,  no  source  of  infection,  other  than  thjit 
_  sted  il«clf,  could  Ijo  discovered-  Whether  the  iufccliou  here 
••■  ly  tnmamittefl   in   ihi«  way  is  certainly  very  doubtful,  though, 

iLoitvtittiiiy,  the  poKsibility  must  he  admitted.  The  question  at  issue 
kijii  very  direct  bearing  oil  the  administration  of  a  fever  hospital.  It 
W  hocn  suj^geritcd  that  the  occasional  occurrence  of  scarlet  fever  amongst 
tilt  patients  in  a  diphtheria  ward  is  to  l>e  explainol  by  the  association  of 
tfce  nurses  in  the  rooms  which  ihey  share  iu  common,  for  puipases  of 
nowtion  and  meals.  The  acceptance  of  this  exjilanation  would  involve 
^  a»iimption  that  the  infection  had  been  transmitted  through  two 
intcmiMharics,  neither  of  whom  sufii-red  from  the  disejLse.  The  a.ssum[i- 
iwn  A[^x\irs  to  the  writer  extremely  far-fetched  ;  the  accidentjil  admission 
into  the  diphtheria  ward  of  an  unrecogni»e*l  case  of  scarlet  fever,  a  con- 
liii(:<:^iii'v  which  is  alwa^'s  liable  to  occur,  affordH  a  much  more  likely 
pit^-ination.  The  possiWiUty,  however,  that  the  disease  may  lie  trana- 
I  (.hrongh  linen  becoming  iidocted  in  a  hiundry  by  contact  with 
'■■  'la  person  sufl'ering  fi*om  sairlel  fever  is  a  mora  practical  one,  and 
Ite  r»lt  through  such  contamination  can  hardly  be  ignored. 

Scirlet  fever  is  sometimes  widely  disseminated  i>y  means  of  an  infected 
nulkflipply,  and  instances  of  this  mofle  of  diirusinn  h:ive  Wen  frequent  nf 
•■■vi.ir«.      Until  the  now  historic  outbreak  in  Marylebone,  in  the  year 
^',  ii  was  universally  believed  that  in  these  milk  epidemics  the  milk 
''1    i/''citicjdly  conLaminatetl  fi-om  a  human  Ruui*ce — either  directly  from 
li-  l«iuds  of  the  milker,  or  from  accidental  exposure  to  the  products  of  a 
»«of  Bcarlet  fever  at  some  point  in  its  tninsit  Iwtween  the  cow  and  the 
conjrniH>r.      The  careful   itivestigations   of    Messrs.    Power  and    AV'^nter 
Kyth,  in  the  ourbrejik  referred  to,  led  them,  however,  to  disregard  the 
lUMbility  of  the  milk  having  receiveil  \t^  infective  properties  from  any 
bmnan  source.     The  milk  was  known  to  have  l>een  supplied  from  a  dairy- 
farm  at   Hendon,  and,  further,  it  was  definitely   proved   to  have  been 
Kolufiively  derived  from  certain  cowa  which  were  suffering  from  a  peculiui' 
er.     Dr.  Ktein,  as  a  result  of  careful  research,  came  to  regard  this 
d»ease  in  the  Hendon  cows  as  the  key  to  the  epidemic  in  Marylebone, 
mA  the  I'videnee  he  adtUices  undoubtedly  lends  some  confirmation  to  the 
k'lief  that  it  was  the  analogue  of  human  scarlatina.     (Sec  p.  4-M.) 

If  it  be  ultimately  established  that  the  lower  animals  are  aipable  of 
de^*olo])ing  the  disease  and  transmitting  it  to  mankind,  it  is  evident  that 
our  views  of  the  epidemic  possibilities  of  scarlet  fever  must  be  corretipond- 
ingly  extended.  Moreover,  if  Dr.  Klein's  teaching  be  confirmed,  viz.  that 
let  fever  and  the  Hendon  cow  disease,  though  showing  considenible 
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variation  in  their  clinical  appearances,  are  due  to  the  same  niicro-or^;uukm, 

it  lends  fliipporl  to  the  atatumcnt  of  ThoniaB,  that  a  dis«a)i^  e<>' ' 

lo  hnmiin  scarlet  fever  has  been  met  \Hth  in  horses,  dogs, 

atitl   other  domesticated  animals.      Without  going  so  far  as  t«j  flrny  ti.-: 

pos^iitle  tnith  of  this  sUitement,  I  am  ccjiivincfd,  by  asi>mewbftl  exteiiy^c 

experience  in  this  direction,  ihat  cats,  at  any  rat*',  rarely,  if  ever,  aciively 

convey  the  infection  of  Bcarlet  fever. 

Si'iU'lt^L  fever  Iiius  bren  successfully  inoculated  by  several  obMr\'cr*» 
notalily  by  Stickler  in  Amoticn.  who  succeed&l  in  setting  up  the  diHs&0 
in  ten  cliildren  by  inoculating  iheni  with  the  pharyngeal  munu  \A  » 
sciirUlinal  prttient.  Although  the  iiioculability  of  scarlet  fever  liaa  Iwel* 
demonstrated  by  these  very  questionable  experiments,  the  method  b'^  n«^ 
practical  be;inrig  nn  the  spread  of  th<>  disease. 

The  scarlatiniil  ptiticnt  is  cajiable  of  imparting  infection  from  ibc  vtrw 
commencement  of  his  illness  though  apiHirenlly  to  h  less  extent  lh»«» 
when  the  fever  is  fully  developcil,  but  the  time  at  whicl)  his  infetlivity 
ceases  is  at  present  im]>ossiblc  t<>  dotenninc  ;  and,  moreover,  it  varia 
widel}'  in  ditforent  cases.  It  \^  a  safe  rule  in  practice  to  \v»wx.  on  sis 
weeks  frum  the  appearance  of  the  rash  as  the  minimum  period  of  i&oUtion. 
after  which  the  i>atient's  release  will  depend  upon  the  completion  ••< 
peeling,  a  sound  condition  of  the  fauces  and  biiccal  niuctnu^  Ineu)hntnt^, 
and  the  absence  of  discharge  from  the  nose  or  cars,  particidarly  if 
associated  with  any  sore,  redness,  or  excoriation  of  the  nasjtl,  oral,  or 
buccal  oriHces.  Of  recent  years  the  iufectivity  of  the  cuticle  in  the  Utrr 
Btages  uf  scarlatinal  peeling  h:Ls  lieen  aonously  questioned  ;  and  it  is  dov 
the  common  practice  of  many  physicians,  whose  %ride  experience  of  the 
disease  entitles  them  to  be  heard,  practically  to  ignore  the  ^leeling  in  its 
later  stages,  and  dischargu  their  sau-let  fever  piitients,  when  tit  in  i>cher 
respects,  quite  irrespective  of  its  progress.  It  is  probdde  that  for  the 
majority  of  patients  a  six  weeks'  isolation  is  really  unruM-otfsary,  nnd  ihe 
period  might  be  curtaileil  to  the  extent  of  one  or  even  two  weeks  without 
any  harm  resulting.  On  the  other  hand,  it  is  beyond  dispute  that  in  a 
limited  number  of  persons  the  mucous  membranes  retain  their  infcct-inty 
for  an  unduly  lung  }>eiif«l  iiftcr-  scarlet  fever,  without  there  Iwing  any 
indicatiuns  which  might  lead  to  its  owurrenco  being  susi>ected.  It  ii 
well  est.'dilisbed,  moreover,  that  its  the  result  of  catching  an  onlinarv 
cold,  the  infective  caiMiciiy  of  the  naso-faucial  tract  may  become  reinforced 
to  such  an  extent  that  a  convalescent,  in  \>hom  the  signs  we  are  acciis- 
tomtxl  to  associate  with  infectiousness  have  long  disappcjued,  nuiy  again 
become  an  active  source  of  <langor  to  the  commnnily.  In  view  of  ihia 
ever-present  I'isk,  and  of  our  inability  to  detect  such  exceptional  instances!! 
of  pi*otracte<l  infection,  it  is  wiser  to  err  on  the  s;ife  side,  and  iiuiist  on 
five,  and  in  eveni'  case  in  which  the  f>atrent  is  a  young  chihl,  the  full 
period  of  six  weeks'  isolation.  Kxperience  ahews  that  in  adulta  such 
undue  persistence  of  infectivity  occurs  but  rarely.  The  time  honnnrod 
notion  that  a  scarlatinal  ^mtient  should  be  regarded  as  infectious  ao  long 
as  any  remnant  of  desqiuimation  remains  to  be  completed  is  gradually 
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dyin^  out.,  thutijL;h,  liku  niAiiy  anotlier  traditiuiial  belief,  fonmled  on  a 
Vttconi'cptiou  and  supported  l>y  a  ficdlioiia  appciil  to  ex]>cnence,  it  id 
ntrr-mciy  difficult  tu  enidicate.  It  is  tnio  that  in  many  insUmces  an 
mtack  iif  scai'lct  fever  has  been  riirlitly  IraceeJ  to  eonUict  with  i\  [>ersoii 
uaay  weeks  convalescent  from  the  disease,  iind  should  that  porson  have 
Unu  foond  on  exarainatiun  to  be  desquanmlin^,  what  more  natural,  in  view 
ohhe  widely  accepted  l>e]ief  in  the  infectivity  of  late  de^pi:iniuti<jn,  than 
tht  iht!  peeling  should  have  been  hold  responsible  for  the  occurrence,  mther 
tbii  A  discharge  from  the  nose  or  ear,  in  amount  [>erha]>s  so  slight  as  to 
hlveMot|>ed  detection  ?  The  importance  ascribed  to  the  agency  of  the  skin 
iiK^sseminating  infection  has  diminished  in  proportion  ah  the  iiifectirity 
d the discharfies  fi-ora  the  n»mlli,  nose,  and  ear  has  Itt-eonie  more  clwuly 
recognised  That  the  desf^uamating  cuticle  in  the  earlier  stage  of  the 
dome  may  be  concerned  in  spreading  infection,  there  can  be  little 
linil.t,  but  whether,  ayjart  from  the  comjiarative  ease  with  wbicli  it  may 
U  o  fiveyed  in  the  air,  the  shc<l  cuticle  is  more  likely  to  do  no  than  any- 
tiiiu;;  else  which  is  constantly  subject  to  contamination  by  the  infective 
eautuitions  from  the  patient's  nioutli  and  uose^  is  by  no  means  et^ually 
ixitain. 

.Vs  convalescence  proceeds  the  risk  of  a  patient's  skin  acting  a^  a 

vehicle  of  contagion   becomcK   progressivply  less,  probably  in  association 

with  the  diminishing  infective  cajjacity  of  his  naso-faucial  nuieous  mera- 

i'-iWiftH       It    is    very    tloubtfid   whether  the   desquamating    cuticle    ever 

denvM  iu  infective  pn)|>ertieH  directly  through  the  skin.     It  is  probable 

that  iho  birge  epidermal  Hakes  which  finally  separate  from  the  hands  and 

f«l  in  the  later  stage  of  peeling  are  quite  itmocuoua,  despite  the  popular 

belipf  to  the  conlniry.      Still  less  reason   is  there  to  rof,'ard  the  second 

pwlinp  which  occurs  in  some  cases  as  likel}'  to  be  infectious,  although 

is  good  reason  to  regard  that  which  follows  the  oectu-rence  of  a 

<  '•;  relapse  of  the  disease  as  l^eing  no  less  a  source  uf  danger  than 

Uie  original  peeling.     Hedesquamation  is  in  most  cases  confined  to  the 

lnods  and  feet. 

"  Rehim  CoMS.** — A  certain  number  of  scarlet  fever  |iatients,  aonie  2 
lo  i  per  cent,  sent  out  from  the  fever  hospitals  seem  to  communicate  the 
dinaae  to  other  members  of  the  hon&ebold  after  their  return  home,  in 
ipite  of  the  greatest  care  in  coniin^^  to  a  decision  as  to  theii-  fitness  for 
difchtirge,  and  in  respect  to  their  final  disinfection.  In  about  one-half 
of  the  cases  the  secondary  attack  occurs  irithin  the  first  week  after  the 
patient  has  returned,  and  in  about  three-fourths  within  the  first  fortnight. 
A  right  nnderslaiuling  of  the  conditions  which  govern  the  occurrence  of 
these  "return  cases"  is  of  the  highest  inn^rest,  and  the  subject  has  for 
•orne  linio  past  been  engaging  the  serious  attention  of  those  responsible 
for  the  administration  of  our  fever  hospitals.  Some  noteworthy  facts 
have  been  elicited  as  the  result  of  careful  investigati<ins  into  the  oriyin 
of  '* return  cases."  It  has  been  a8certaine<l  that  in  a  latge  projjortion  of 
•uch  instAUCCs  the  primary  infecting  case  was  found  to  be  suffering  from 
a  mucous  discharge   from   the  nasal  passages,  in  some  cases  associated 


with  reddening  or  excoriation  of  tbe  external  narea,  eitlier  imnicdulEijr 
or  within  the  first  few  days  after  the  palieiit's  return  from  the  hospit*!, 
In  u  smnller  projiortion  of  cases  either  an  otorrhiva.  oftvii  intermittciil  in 
chaiticter,  or   some   de^jxee    of   faucial    or   glandular   inHamtnation  w* 
present,  antl  in  the  remainder,  nothing  abnormal  conld  >io  detected,    "ft* 
froquant  association  of  rhinitis  with  an  infective  capacity  in  the  j»t*r«>n 
affected  witli   it  i-s  nuw  well  estjiblinhed,  hiit  the  qne^liori  ha  to  how  it  >* 
set  np,  and  what  relation  it  liears  to  the  strictly  scarlatiiiiil   fuctor  in 
respect  to  iufectivity   is  by  no  means  cunclusively  Ketlled.     It  is  1; 
probablo  that  even  in  the  later  stagt'  of  convales^^'ence  a  latent  infn : 
of  the  naso-fnucial  passages  is  caixililo  of  being  reawakened  undftr  tb« 
stimulus  of  a  fresh  intlammatory  attack.     In  some  axst.*^  no  doubt,  tb** 
is  brought  about  as  the  result  of  an  ordinary  cold  caught  at  the  time  <^ 
dificbarge.     Not  infrequently,  the  inflammation  so  set  up  represent*  tt>* 
recurreuce  of  a  comj)Iicatiou  which  had  been  present  at  an  earlier  peri<y*^ 
of  the  illness. 

The    opinion  is   gradually  gaining   ground   that  some,  at  any  ml^** 
of  these  secondary  inflammations  of  the  na.sal,  faucial,  or  aural  rotwoo^* 
membranes,  which  so  frequently  arise  during  the  course  of  the  scarlatina- 
attack,  are  due  to  a  separate   infection  with  micro-organisms  derive*^ 
either  from   a  similar  case,  or    from  another  [Kitiimt  sufFering    from   fl 
septic  attack  of  the  disease.     If  it  be  ultimately  provcil  that  such  di^ 
charges  are  propagable  in  themselves,  the  necessity  for  rigid  classification 
of  scarlet  fever  patients  during   both  the  acute  and  convalescent  stages 
of  the  illness  ^nll  be  appai^ent,  if  oidy  with  the  object  of  protecting  thocc 
in  whom  the  infection  has  died  out  from  the  risk  of  again  beooi 
a  source  uf  danger  to  the  community. 

Dr.  A.  Xcwshohue,  who  has  devoted  much  attention  to  .the  subject, 
is  inclined  to  disbelieve  in  the  influence  of  "  Hospiudism  '*  altogether- 
He  holds  that  the  balance  of  evidence  is  in  favour  of  the  autoc]ithonnu» 
origin  of  the  infection  which  gives  rise  to  these  complications,  and  tiiat 
their  api>earancc,  like  the  undue  persistence  of  infectivity  which  charac- 
terises some  attacks,  h  part  of  the  inevitable  uatunil  lii^^tory  of  certain 
types  of  cases.  Dr.  Xewshohne  argues  that,  having  regjird  to  the  large 
number  of  cases  which  come  into  hospital  with  the  complications  already 
established,  we  are  justitied  hi  ascribing  a  similar  origin  to  tbe»o  com- 
plications when  they  appear  at  a  later  stage  of  the  illness. 

It  is  only  reasonable  to  assume  that  in  most  instances  the  organisms 
responsible  fur  these  complications  are  derived  from  tht*  patient  himself; 
but  to  contend  that  it  is  &>  in  every  instance,  and  ipmi  ftuh  to  deny  the 
likelihood  of  their  over  bein^  contracted  frum  an  oulside  soiure.  \vould 
1»e  equally  unreauonable.  Having  reg^iifl  to  the  facility  with  which 
diphtlicria,  especially  of  the  uiisal  variety,  is  known  to  sprcjvd  amongst 
the  coHMilcscent  children  in  a  scarlet  fc^er  WAvd,  it  is  fair  to  assume 
that  in  some  instances,- .it  any  rate,  the  origin  of  these  septic  dischnrgcfl 
is  cjipable  of  a  similar  explunatiuii.  The  contcntioB  that  "return  cases* 
are  almost  exclusively  a  hospital  phonomcnon,  and  that  they  are  practi* 


>mia^ 
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a\\f  unknown  in  connexion  \nth  ecnrlet  fever  patients  who  are  treated 
»l  borne,  is  certainly  unfounded  Unfortunately^  reliable  statistics  ns  to 
lie  occurrence  either  of  mucous  disohargee  or  of  "  relm-n  cases"  in  the 
lauer  group  are  not  nvrtilaMe.  It  is  prolvtUIe,  howevei-,  that  "  return 
Msei"  do  occur  more  freqitently  in  connexion  with  hospitJil  {mtients 
tba  in  those  who  are  treatetl  at  home,  but  there  are  good  reasons  why 
il  >bottId  be  «o,  apart  froui  the  question  of  segregation. 

U  is  to  be  feared  that  "  return  cases  "  will  occasionally  arise  in  spile  of 
(lieTDOtit  scmpuious  care,  though  it  is  probable  that  tlieir  nuinlwr  niuy  I« 
nduoed  by  the  adoption  of  mca.'iures  wliicb  are  calculated  to  inainiuin  the 
noeoaa  menibmnes  of  the  sciirlatinal  convalescent  in  a  Itealthy  condition. 
Tlul  the  peeling  in  its  later  stages  is  not  responsible  is  fairly  certain. 

F.  F.  C. 

Bacteriology. — Whether,  by  an  exhaustive  investigation  nu  the  bacteri- 

ftlogi"  iii   litariel    fever,    coitilucted    on    the    ini])roved    lines    of    nuNieni 

nacATch,  it  will  be  possible  to  obtain  any  definite  fact*  such  as  wc  pc^sess 

ill  tlie  case  of  enteric  and  certain  other  siwcific  fevere,  it  is  ini[x>ssiblo  to 

ar,  l«it  there  is  no  duubl  that  our  knowlotlge  of  the  l>ricteriology  of  this 

dweane  is  very  limited.     As  is  well  known,  Dr.  Klein  (19)  isobitcd  from 

ikt  t4K9iie«  of  iKitients  sutferiug  from  scarlet  fever  a  streptococcus  which 

li9caUed  the  Sti'^pUtcuccus  xaniatimt )  an<l  in   KSSH,  while  investigating  an 

wUireak  of  fever  among  certain  cows  l>elongin,u  to  a  fami  at  Hendon,  he 

BolitMl,  from  the  ulcerations  of  the  tcata  juid  udders  atid  fi-om  certain 

riiftra.  a  streptococcus  which   he  consirlered  to  Ijc   identical   with   the 

'    "oritf   sciirlatintr.  (19).     This  obsoi'vation  was   not  only   of   great 

r  -I  but  also  of  very  grent  imfKirtance,  because  the  milk  obuined 

■    hi  :iiii  ntlcotrd  cow.s  was  Hhcwn  to  have  Iwen  consumed  by  persons  who 

■  ,'iently  developed  scarlet  fever.     Dr.  Meivyn  Oordon  (10)  followed 

up  !i;'>w  oliscrvations  hy  a  careful  and  most  valuable  research  into  the 

oloiry  of  scarlet  fever.     Dr.  Klein  asserted  that  the  most  inijiortant 

iTil  characteristics  of  liia  streptococciis  wore  as  follows: — {\)  \\'hen 

n  in  broth,  the  medium  remains  perfectly  clear,  but  the  orgaruVm 

either  one  or  more  roherent  con^lonierute  ni:us.sfi9  at  the  Imttom  of 

test-tube.      On  shaking  the  culture  the  growth  is  not  dissociated,  but 

rfsee  in  the  fluid.     (2)  Litmus  milk  is  acidified  nnd  clotted  in  a  few  days. 

The  lonflcncy  for  a  nodulai-  j^rowth   Uj  form  on  agar.     (4)   A  low 

of  pathogenicity  for  mice  and  rabbits.     Dr.  Gordon  noted  that  the 

loxnerate  masses  of  the  streptr>coccns  growing  in  broth  are  so  coherent 

that  there  may  be  great  difficulty   in   making   film   preixinitions.     The 

dotting  of  milk   was  also  .found    to   take   place    very    iiipidly,  ami   the 

acidification  to  pass  on  to  a  st.ige  of  riHbictioii. 

BaciUary  forms  of  this  streptococcus  apjjear  to  be  es[focially  well 
marked  ;  in  some  instances  the  morphological  characteristics  were  very 
simibir  to  thase  of  the  bacillus  of  diphtheria.  In  agar  condeusation-flnid 
both  the  conglomeriite  nmsaes  and  kicillury  forms  are  well  shewn,  pro- 
ducing the  so-called  "lace-work  pattern." 
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Dr.  Gordon  inrestigated  ten  cases  of  scarlet  fover  in  the  poet  moi 
room.    Cultures  were  made  from  fifty-aix  sources.     In  forty-five  i 
a  streptococcus  wa«  recovered,  and  on  twenty-six  occasions  out  of 
forty-five,  in  pure  culture.     From  four  cases  he  obtained  the  SUtyU 
nmijlom^rtiiitfi.     In  the  large  miijority  of  instftnces,  therefore,  a  sU-i 
coccus  other  than  that  descnbed  by  Hr.  Rlein  was  ohiainwl.     It  ft 
probable  that  the  Strcpfocorcus  eonfjlommUHs  isolated  by  Kurth  from  i 
swirlatiiial  cjwlaver  is  similar  to  the  most  common  variety  of  "rtrepto 
coccus*'  recovered  by  Dr.  Oonloti  in  tht;  post^ruort^^m  room  in  his  cii 

In  twelve  cases  of  ejir-dischargo  associated  with  scarlet  fever,  st 
cocci  were  isolated  from  the  discharge  in  six  instancies,  but  in  no  cane 
the  Stiyptff^yKCHs  scarl'itintu  obtained.     In   two  coses  of   rhinon'hoea 
associated  with  scarlet  fever,  the  Sf/rpto^otxus  scurl'tiintr  was  obtJiincd  in 
insttinces,  i[i  one  ciise  in  pure  culture,  in  tlie  other,  os^ociatixl  with  tK 
StrepUiCwcun  nirdiiis.      In   twenty -seveu  cxaniiuations  of  the  thnwt  id* 
made  by  Dr.  Gordon  duritig  all,  but  especially  in  the  latter,  sUiga 
scarlet    fever,   the   ^'trcpionH-ciLs   xuiiniintc   was    found    on    no    less  I 
twenty  occasions.     It  would  appear,  therefore,  that  the  soirlutinal  ib 
is  the  chief  habiuit  of  this  organism. 

Dr.  OotTlon  alsn  made  a  cMicful  investigation  with  definite  dilut 
of  the  tonsillar  exudation  in  ten  wises  of  scarlet  fever,  and  o]»t;uned 
Strrptiit/Kots  scarliilifup  in  every  instance.  In  seven  examples  it 
the  only  organism  present,  and  the  cultures  were  made  from  the  diU 
tonsillar  exudation  (.tiy^ini'^ftn'ofur  ^.c).  The«3  are  the  main  point 
Dr.  Gordon's  valuable  work,  to  which  further  reference  will  be  made. 

W.  J.  Class  of  Chicago,  in  1880,  described  nn  organism  which 
considered  to  be  the  cause  of  scarlet  fever.  Ho  found  that  the  « 
moditim  for  the  cultivation  of  this  org:inism  was  glycerin  agar  to  whic 
5  per  cent  of  garden  c^irth  liad  l>cen  luldeil,  the  mixture  being  8t«rilise<l  i 
the  usual  way.  The  organism  he  isolated  is  best  described  as  a  very  lar^ 
gonococeus.  It  w"as  found  to  be  Gram -negative  and  hafl  a  speci 
t*mdency  to  become  glutinous.  He  fnund  it  invariably  in  the  throj 
secretion,  blood,  and  scales  iif  patients  surtcting  from  scarlet  fever.  M 
was  extremely  i»athogenetic  fur  mice,  and  prtKiuced  a  disease  in  ^ 
resembling  scarlet  fever.  Class  stated  that  the  blood  of  a  jiationt  ju 
recovering  from  scarlet  fcv^r  inhibited  the  growth  of  this  coccus, 
considered  that  the  speciticity  of  this  organism  has  been  proved  be 
reasonable  doubt,  and  that  the  streptococcus  has  nothing  whatev 
do  with  the  ctiologj*  of  scarlet  fever.  Class's  observations  have 
confirmed  by  others  in  America. 

From  this  //-ttwi/  it  is  obvious  that  the  bacteriology  of  .scarlet  ft 
requires  careful  and  extended   investigation  before  anything  furth 
written  on  the  subject,  and  that  the  main  question  nnditubtedly  ce 
around    the   streptococci.      At  the   present   da_v   further   ktiowled 
more    \irgpntly  needed   about    the    streptococci    than   aljout   any 
organisms  known  to  bacteriology. 

The  indiscriminate  use  of  the  woixl  "streptococcus"  is  a  matter 
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Kiious  regrei,  &nd  it  is  to  be  ho[)ed  that  in  the  fiitiin)  nd[Hi^Pi>^  '^^^ 
Iw  Ub«llwl  as  the  StrrptiiCocj:u:t  ptfoijratfit  until  it  has  been  sunjectcfl  to  ii 
r«7  careful  aiudv,  aii<l  the  sjinie  remark  appliea  to  every  other  type  of 

MTOptOCOCCtU. 

If  "streptococci  "  arc  really  the  impurtant  agents  in  tlie  bacteriology 
(il  KarU't  fever,  as  some  investigatoi-s  consider,  carefiil  attention  mast  be 
devoted  lo  the  investigation  of  ifimpic  and  toxic  cases  of  scarlet  fever 
doting  life-  It  is  probable  that  tlie  septic  caat^a  really  rejiresent  an 
infcfUoii  ttitli  the  class  of  "streptococci"  which  produce  similar  results  in 
nany  other  diieo&es — a  view  which  is  somewhat  strengthened  by  po«t- 
miirt«m  olmervations  in  fatjil  cases  of  this  variety  of  attack.  It  is 
v^xmible,  however,  at  the  present  time  to  accept  the  streptococcus 
deacribed  by  Hr.  Klein  as  the  specific  cause  of  scai-let  fever,  any  more 
llHnweoan  accept  the  coccus  of  Class.  The  cultuml  chnracterp  of  the 
^fftffi^ai^  icarlatintf  are  not  suthciently  distinct  to  warrant  this 
orguiisni  beiri^  rl:i8se<l  as  a  special  «lrept<x*occits  with  specific  functions. 
Hm  iDQsc  that  can  bo  aoiil  is  that,  with  the  improved  cidtural  methods 
ttggestcd  by  I>r.  Mervyn  Gordtjn,  wc  may  be  enabled  to  decide  whether 
pwrioiw  obj^ervations  on  this  subject  are  correct  or  not. 

r>oj)ier  has  found  that  the  serum  of  iwcionts  suflering  from  scarlet 
ierer  may  contain  jigglutinins  for  "streptococci'"  isolated  from  cases  of 
cTTflpelfts,  eepLicwmia,  anil  puerperal  fever,  as  whU  as  for  the  streptococci 
ofwrlei  fever,  while  the  scrum  of  paiientfi  suflering  from  erysipelas  and 
■Mjr  other  infections  nmy  Jigglutinate  the  so-called  Sirffi-o<:orc.n»  smr- 
lotimr.  On  these  grounds,  this  observer  considers  that  we  should  reject 
tbe  eridencu  so  far  collected  in  favour  of  a  specific  streptococcus  for 
•farfet  fever.  It  is  doubtful,  however,  if  these  observations  are  of  very 
naoh  VftluBj  as  the  existence  of  .upecilie  agjj^lulinins  for  the  Btreptococci  is 
utbe  present  time  very  diflicuU  cither  U)  prove  or  disprove. 

i'aitiAitiyU/^t/. — In  January  1904,  Mallory  published  liis  communication 

00  "Protozoan-like  l>o<lics"  found  in  four  cases  of  scailet  fever.       He 

ofcwrvcfl  thciie  l)fKlies  in  the  jirotopljism  of  the  epithelial  cells  of  the 

fpidermii^,  between  these  cells,  and  free  in   the   Ijnijihatic  ves-sels  and 

^Moes  of   the  eorium  just   beneath   the    epidermis.      These  bodies   he 

clB«ifie«I  under  two  divisions: — (1)   liound  or  elongated  and  lobulated 

liodic*  which  stained  delicately  bm  sharply  with  methylene  blue.     The 

"pnraflites"  l>etonging  to  tbis  cla^s  possessed  a  fine  granular  reticulum 

jri'l    nsttally  a  close  mcshwork.      They  were    sometimes   found   to   l>e 

vwriiolateil  and  were  usually  of  small  size  (2-7fi.).      (2)   The  ifadiate  tyi>e. 

The^e  were  seen  in  the  protitjilasni  of  the  epithelial  cells  of  the  epidermis, 

.md  also  free  in  the  lymph-spaces  of  the  corium  ami  in  the  vosseU.     In 

•ome  instances  these  Widies  formed  small  clumps.     They  varied   in  size 

from  4-6/1.    The  rni;liatc  bodies  contained  a  central  spherical  body  around 

vhich  were  grouperl   1018  segments,  in  some  instances  united,  hut  in 

others  sharply  seiKinUed  from  eiich  other  at  the  sides.     1*ho  autopsies  of 

AtUIory's  cases  were  all  made  some  time  previous  to  his  communication, 

uamely,  in  1897-98.    Two  of  the  four  cases  were  of  the  severe  toxic  type, 


while  UiH  other  tiro  were  inetanuea  of  septic  scarlet  fever  coinplic 
with  diphtheiia.     In  each  instance  the  rash  was  present  at  the  tiir 
<leatl».     Mallory  also  examined  six  other  coses  faUil  earlj-  in  the  di 
and  many  more  which  died  during  the  stage  of  deaqaamatioiif  htit 
negative  rasult.     In  four  examples,  pieces  of  akin  were  removed  At 
life,  but   no  bodies  were  seen.      Blood -smears,  the   niis;d   and 
diacharj^ea,  and  swab  prepanitionfi  froirf  the  back  of  the  throat 
examined,  but  also  with  a  negative  result. 

The  technique  recommended  by  Mallury  is  as  follows: — U)  Kt 
small  pieces  of  skin  in  >!enker's  fluid.  (2)  Su-iin  |iaraffiti  sections  id  ■ 
5  per  cent  aq.  sol.  of  eosin  (yellowish,  Griibler)  for  thirty  minutes.  (3) 
Wash  in  water.  (4)  .Stain  for  twenty  minutes  in  the  following:  mrthy' 
lene  blue  (Griibler),  1  ;  pot.  carb.,  1  ;  water,  100;  t;ike  one  pari  I'l 
this  stain  to  four  of  water.  (5)  Wash  in  water.  (G)  Differential 
95  per  cent  alcohol  until  eosin  colour  returns  in  sections  and  nucleil 
sharply  defined-     (7)  Dehydmte,  clear,  and  mount  in  the  U:%iial  w»y, 

Mallory  summnrises  his  communication  as  follows :  *'  I  wi^h 
that  while  I,  personally,  believe  that  these  bodies  are  protozoa,  and 
an    etiological    relationiihip    to    scarlet    fever,    I   am    far    from    cbil 
thftt  siK-h  a  relation  has  been  proved." 

Pieces  of  Hkin  from  a  fat^l  case  of  toxic  scarlet  fever  in  an  adult 
were  sent  to  me  by  Dr.  Caiger  for  examirmtinn.  The  rash  w** 
developed  at  the  time  of  death,  which  occurred  on  the  fourth  day 
disease.  'I'hc  skin  was  fixed  in  Zenker's  Huid  and  in  salt'fonnalin,' 
Ktuined  with  the  best  of  the  parasitic  stniuK,  LoishmanV.'  1  did  B 
find  any  bodies  such  as  Mallory  has  describe*!,  or  in  fact,  anythir 
abnormal  which  could  be  likened  to  such  l>odies.  In  skin  from  anoU» 
faud  case  sent  to  me  by  Dr.  Caiger,  I  alw  failed  to  find  any  of  Midi 
bodies.  Field,  however,  found  Mallory 's  puiiisites  in  five  cases  of 
fever  which  had  died  during  the  coiu'se  of  the  disease,  but  failed  toi 
thorn  in  the  skin  removed  from  four  cases  during  life. 

L.  S. 


Morbid  Anatomy.- — The  scarlatinal  rash  is  char<iCtorise<l  anatomi 
by  an  active  hypcricmia  of  the  cutis  vera,  attended  with  a  certain  degr 
of  capillar}'  atrtgnation  and  considerable  inflammatory  o'dema.  Transud 
lion  of  loucoc^'ics  and  of  a  variable  amount  of  blofKl-pipitient  into  tl 
surrounding  tissue  next  occurs,  attended  with  a  rapid  proliferation  uf  t! 
colls  of  the  Malpighian  layer,  wliich  beconuji  considerably  thickened 
consequence.  Sections  of  skin  from  a  toxic  case  of  nearlet  fever  in  whi( 
death  had  occurred  on  the  fourth  day  were  cut  and  examincrl  by  M 
Dudgeon,  who  reports  as  follows: — "Theae  were  stained  by  Leishmai 

*  T  use  *  RtrODger  solution  at  LeiahiuAn's  powiler  in  methyl  alcAliol  lh*a  le 
hy  Lei»hin*ti — namely,  out  nf  O'b  p«r  oeot ;  Imt,  otIierwUe,  my  tecliniriutr  t»  ncairiUi, 
(lirealiivitH, 

*  Pwff  to    NckunwIetlgQ  my  itii)ebl«(hi«w  to  Mr.  Du'lgvoii  for  inuuli 
rrvbloa  of  thU  scoUon, 
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^*'  M.  1  found  large  numlicrs  of  coarsely  grjinular  eosinophil)!  in  the 
:  jia,  corium,  ami  suKcutaiieoua  lissuo,  and  also  in  the  miihII 
OS.  The  varieties  of  eo8ino])hils  present  were  similar  t«  those 
itv  me  in  the  thymus  glands  of  children — i.f.  (1)  large  eosinophils 
nth  liiirk,  almost  Iiotiiugeneonsty  stained  nwdeutt ;  (2)  similar  cells  uith 
i]ale,  irregularly  stained  nucleus .;  (3)  polvnuclear  cells.  The  last  vftiiety 
vu  itcldom  found,  hut  the  tirst  and  second  varieties  were  present  with 
oiwil  constancy.  NumJwrs  of  iMcilli  were  seen  lyinp  in  the  ejiidermifl 
ami  ic  the  true  skin.  These  organisms  were  large  KicilH  with  rounded 
atdl,and  «itaincd  everdy  throughout.  I  failed  to  Hnd  any  I'videnre  of 
■fiule  forrnatiuiL     The  organiBui,  of  course,  eould  not  \^  identitied," 

Desquamation  is  brought  about  by  the  effusion  of  serum  between 
llw  ooU«  of  the  epidennal  layer  just  superficial  to  the  rete  murosnm, 
111  virtue  of  which  their  mutual  cohesion  is  weakened,  and  actual 
iqmration  occurs  at  the  point  of  effusion.  This  is  best  marked  in 
ikoie  papules  which  uctimliy  liecome  vesicular.  When  tho  fluid  contents 
bvc  dried  up,  their  delioat«  investments  soon  become  ruptured  in  the 
asitre,  leaving  a  series  of  pinholes  from  which  peeling  extends  centri- 
fiipilly.  The  eruptive  hyperjemia  also  induces  a  trophic  change  in  the 
Me  DiucoBum,  which  is  characterised  by  excessive  proliferation  of  its 
ojDiiif>nent  celU.     In  this  way  the  shed  epithelium  is  rapidly  renewed. 

Aitbough  the  hair-follicles  ai-e  iniplicutod  to  a  considendifle  extent  in 
tiw  intlamDiatorv  process,  it  is  a  mistake  to  regard  them  »vs  necessarily 
wtrrnied  in  determining  the  minute  papular  elevations  of  the  cutis 
which  are  ao  cliamctoristic  a  feature  of  the  eruption.  Many  of  these 
uii'iuestionably  correspond  in  position  with  the  intiamcd  follicles,  but  the 
pialer  number  are  unite  independent  of  them.  Moreover,  the  surfaces 
of  wtenaive  cicatrices  which  are  entirely  d««titule  of  hair-follictcs  aiv 
("TMionally  olserved  to  Im  more  or  le.'is  covered  with  piincta. 

The  faucial  inflummation  in  simple  eases  is  chai-acteiised  by  inllam- 
Butory  hypenemia  of  the  mucous  membraiu',  attended  with  an  uecumu- 
ktinii  of  leucocytes  in  its  deeper  jiartSu  Proliferation  and  degeiienitive 
dHutges  in  the  epithelial  cells  occur,  and  the  exudation  of  Hln-inous 
IfBpfa.  In  more  severe  cases  the  superficial  layers  of  the  epithelium 
ptriih,  and,  >ty  an  extension  of  the  process,  more  or  less  ulceration  of  the 
nmcous  membrane  results. 

The  tonsils  share  in  the  inflammation  t^t  a  variable  extent ;  in  some 
CUM  A  slight  degree  of  swelling,  accompanied  by  adenoid  proliferation 
uclan  increase  of  the  follicular  secretion,  is  all  that  occurs.  In  those  of 
Ue  Kptic  type,  on  the  other  hand,  extensive  ulceration  usually  t^ikes 
place,  and  small  foci  of  suppuration  may  appear  in  the  subsUince  of  the 
tOfydL  The  organs  may  sluugh  »7(  huias^,  and  the  necrosis  by  it,s  exten- 
sion re*uU  in  widcspiead  destruction  of  the  pillars  nf  the  fjiuces,  the 
velum  jtalati,  and  the  tissues  comprising  the  upper  part  of  the  larynx. 
Is  such  cjisea  the  tilcerated  surface  is  found  crowded  with  putrefactive 
organisnu,  which  also  invade  the  lymphatics  leading  down  to  the  sub- 
^^nt  ghtnds.     These  latter  are  infiltrated  ^Wth  inflamniator}'  products, 


awl  not  infrnqiiently  fliippuration  occiirK  in  their  aubstancu  <] 
roumlin;^'  ct-Ilular  tissue.  In  axldition  to  other  micrococci  concerned 
purulent  infection,  the  presence  of  streptococci  CJin  iUniost  invariabh 
demonstrateil  in  the  lymphatica  an<I  neiplilwiiring  lissiieti.  j 

It  must  be  confessed  thut  to  the  nake^l  eye  the  post-mortem  app 
ancee  in  a  fatal  case  of  scjirlet  fever  are  neither  striking  nor  const 
They  nocL'HHarlly  vHry  with  the  type  of  attack,  the  siatjo  at  wliich  A 
occurred,  itml  the  jiresenee  or  absence  of  any  definite  com])lii.jition.   1 

Kigor  mortis  is  usually  well  marked.  In  toxic  attuks  decern] 
tiori  stctij  in  ejirly,  and  is  i-eniarkubly  rH]>id.  In  anch  cft!M?s  c}ula\ 
lividity  usually  appears  before  death.  The  blood  is  dark  in  ool 
thin,  and  does  not  clot.  The  vessel -walls  usually  shew  a  coi 
able  amount  of  stjiining,  and  minute  subserous  ecchymoses 
uncommon.  Cover-glass  preparations  were  made  by  Dr.  Menyn 
of  the  hejirt'rt  I)Io(kI  in  eight  faud  eases  of  scarlet  fever.  In  three  ina* 
no  microorganisms  were  seen,  while  in  five  "a  streptococcus"  was  | 
In  two  of  the  negative  examples,  however,  "a  streptococcus^ 
obtainiMl  fmni  the  he-irt's  Idood  by  en  I  tu  ml  metbo<lK.  In  four  of' 
cases  bronchtipncumonia  was  present  at  the  autopsy,  while  in  all  hn 
instance  there  was  evidence  of  one  or  more  of  the  septic  complicatiQ 
scarlet  fevor. 

The  macroscopic  appearances  of  the  lungs,  liver,  spleen,  and  pai 
are  indistinguishable  from  those  seen  in  persons  who  have  died 
other  forms  of  acute  fever.  ' 

The  appearance  presented  by  the  intestines  in  some  cases  of  I 
fever  is  negative,  but  in  a  considerable  number  an  nnusniil  amoll 
8«jftening  of  the  mucous  menibmue  U  present  throughout  the  i 
ti'act.  Along  with  this  is  occasionally  seen  uniform  swelling  and  soft 
of  the  lymphoid  glands,  which  is  usually  better  marked  in  the  so 
glands  than  in  the  Peyer  s  patches  ;  but  in  some  cjwes  Ixith  are  cqi 
involved.  In  very  rare  instances  this  swelling  of  the  glands  jiroceed 
actual  ulceration,  giving  rise  to  a  distinct  suggestion  of  entei-ic  | 
and,  like  enteric,  the  affection  is  commonly  seen  most  distinctly  I 
lower  jKirt  of  the  ileum. 

The  appc'imnce  presented  by  the  kidneys  shews  con8ideml)lo  vari 
In  some,  in  which  there  has  been  no  cliniod  evidence  of  nephritii 
oven  in  a  certain  number  in  which  the  s^miptoms  have  been  well  ml 
the  kidney  ti>  the  naked  eye  appears  practically  normal,  ^vith  the  ( 
tion  of  an  undue  amount  of  congestion  throughout  its  svibstunc4 
eS'ect  which  may  be  observwl  in  the  kidneys  of  persons  who  have  diod 
any  form  of  acut«  fever.  The  cjipsulfi  »tri[w  readily,  leaving  a  raw-!o 
surface  from  which  bloo<l  exudes  freely.  In  the  majority  of  c 
BCJtrlet  fever,  however,  in  which  death  lias  occurred  early  in  the  dj 
the  kiilney  will  present  the  following  appearances  :  The  orgjui  is 
somewliat  enlargc<].  sometimes  considembly  ;  it  is  congested,  esj 
in  the  zone  corresponding  with  the  bases  of  the  pyramids,  when 
also  in  the  sulwlance  of  (he  cortex,  minute  extravasations  of  blot 
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ott«a  «e«n ;  tho  stelljiU)  veins  on  the  inirface  are  undaly  turgid^  and 
Uie  capfliiltf  rt'udily  B<5parates.  The  corLioal  snhslarice  on  section,  and 
tliw  iM  denuded  siirfrtce,  is  pale,  opatjiie,  iitid  of  a  yellowish  tint  when 
wwhtnl.  The  Malpighian  capsules  aru  clearly  defined  on  the  surface  of 
;ln'  ur^in,  and,  on  section  of  the  somewhat  enlarged  cortex,  ajipeav 
u  minute  reddish  -  brown  specks  :  while  the  branches  of  the  dilaterl 
tatcriobular  arteries  are  seen  as  Bniall  oozing  points  dotteil  over  the  cut 
anfacc.  U  death  occtn*  at  a  somewhat  later  stage  in  a  case  which 
btt  bwjn  obnously  complicated  with  nephritis,  the  kidney  is  usually 
iQQewbat  inereaficfi  in  size,  the  swelling  Ix-ing  mainly  corticjil.  Tt  is  less 
congested,  more  ojiaque,  and  Dhvionsly  fatty.  The  Malpigbian  tufts 
MT  Btill  Im?  defmeil,  lM>tli  on  the  iJernided  surface  and  on  section  ;  hut 
ik'V  ap^iear  as  yellowish  dotj*,  and  ItUxnii  can  hut  rarely  he  seen  to  exiule 
Innn  theni. 

In  kiilney  disease  of  consideriihle  standing;,  fay  from  six  months  to  a 

ytv,  thr  appearances  pit'sonted  liy  the  organ  nre  those  of  subacute  inter- 

ttiti»l  nephritis,     llie  kidney  is  smaller  in  size,  the  cortex  usually  being 

rdithrely   diminished  ;    the   snl>8tance   is   firmer,  and   the   capsule   more 

•ilinient:  no  projection  of  the  tufts  can  be  ohser^-ed  on  the  free  surface. 

MicroecopicAlly,  the  characters  of  the  scarlatinal  kidney  ar-o  those  of 

»  liomerular   iiephHtis.      The  a[)jK'arjinc^?s  are  hrielly   as   follows : — A 

meobr  change  occurs,  comprising  intense  congestion  of  the   Malpighian 

tiiftfi  and    the    smaller   vessels  of   the   cortex,    attended   with    hyaline 

ilrgcaeiation   of   their  internal   coat,  an<l    an   increase   of   nuclei   in   the 

inHl'lle  muscular  layer.      This  leads  to  narrowing  and   obliteration   of 

llwir  channels  in  f«»rt«,  and  is  esj>ecially  noticeable  at  the  junction  of  the 

*ffcrcnt  vt'ssels  with  the   Malpighian   tufts,  at  which    point   thrombi  arc 

'fctgionidly  found.     Tlio  cells  of  the  8upjM>rtijig  connective  tissue,  and 

lii(«e  of  the  epithelial  lining  of  the  cjipsules,  share  in  the  proliferation, 

»*  tltat  many  of    th«  capsules  become  so   crowded  with   ne^vly  formed 

fpitlielium  that  their  function  becomes  entirely  arrested.     Aggregation 

of  rmmtl    cells   or   leucocytes    next   occurs    in    the    connective   tissues 

"UTCMhiding    the    cortical    vessels    and    Maljnghian    capsules,  and    to   a 

I*  extent  in  the  space  intervening  between  the  urinary  tulmles.     This 

leounnUition   of   leucocytes  is  most   marked  around   the  small  afferent 

Ancnbles  at  a  point  immediately  before  they  |>eTietrate  the  Malpighian 

*4p«iles.     The  circulation  through   the  vessels  is  hindered  by  the  com- 

pnaqon    to   which    they    are    thereby    subjected,    an<l    the    capeides 

wenuelveft,   being  involve<l    in    the    process,  ultiniatel}'  liecome  gre^itly 

liikkened,  and  some  of  them   eniiiely  dostroyed.     Cloudy  .swolDniz  of 

ihfteinlhelium  lining  the  CMiivuluttd  tubes,  the  interior  of  the  Malpighian 

ttpsules,  and  uUinuitely   the  stniight  tubes,  sets   in  at  an  early  date. 

Tbc  tubules  eventually  l>ecome  more  or  less  choked  by  the  acctunula- 

tiijii  of  cells  shewing  marked  granular  ancl  fatty  changes.      Blo«l,  trio,  is 

effufted  into   their   lumen,  and   many  of  the   tubes  Ifecomc   filled 

cans  composed  of  either  blood  ur  epithelial  cells  in  all  stages  of 


ktion. 
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If  death  occur  at  a  later  stage  in  the  disease  the  vascuJar  t'kui^n 
will  not  be  so  ob\ioua,  but  the  moat  stnking  appearances  will  be  foual 
in  the  interitt  iti»]  elements,  combined  with  a  variable  amount  of  parcnchj- 
tmitous  degeneration,  proportionftte   to  the  intensity  of   the  interstitui 
affection.      The  enbrgemeut  of  the  or^m   ia   dependent  ujwn  a  prmi 
increase  in  the  number  of  connective-tissue  cells  throughout  the  cort«i, 
leading  to  considerable  thickening  of  the  Malpighian  capsules,  and  mon 
or  less  strangulation  nf  their  blood-supply  :  a  certain  numl>er  of  ibm 
become  oblitt*rated.     The  ultimate  stjite,  if  the  integrity  of  the  organ  be 
not  in  pi»rt  restored,  is  characteristic  of  interstitial  nephritis  :  n  greater  iff 
less  degree  of  contraction  tiikes  place  in  the  intei'stitial  tissue,  leiulitt^  to 
cortical  atrophy,  and  an  abnormal  adherence  of  the  capsule.     Thi«  change 
in  the  course  of  yeai-s  may  lead  to  a  contracted  granular  kidney. 

Considerable  diversity  of  opinion  exists  as  to  whether  ihe  changes  ia 
the  kidney  above  described  are  neccssaiily  present  in  all  cases  of  flcirlet 
fever,  even  in  slight  degree.  Dr.  Kleiu  (21)  has  described  tlie  pre^sence 
of  definite  glomerular  nephritis  in  twenty-three  consecutive  cases  oj 
scarlet  fever,  fatal  at  periods  varying  from  two  days  to  seven  weeks ;  and 
in  all  of  those  in  which  the  organs  were  oxamined,  he  found  the  renal 
changes  to  be  associated  with  certain  definite  morbid  appCArances  ii 
the  liver,  spleeu,  and  lymphatic  glands.  It  does  not  necessarily  follow 
however,  that  the  changes  referred  to  are  present  in  cases  in  which  thi 
attack  is  of  a  mild  chnnicter.  I  am  able  to  assert  that  in  one  case  a 
least  of  ftirly  scarlet  fever,  in  which  death  resultetl  from  a  cause  uij 
connected  with  the  disease,  the  kidneys  on  carefnl  microscopical  exnminn 
tion  i*evea]ed  nu  evidence  whatever  of  glomerular  or  comiucnciiu 
interstitial  nephritis.  Kxcluding  those  cases  in  which  the  albumin  i 
only  i>res<?nt  as  a  faint  and  transient  ti-ace,  and  those  in  which  it  irool* 
seem  to  1«  directly  dependent  u|xin  the  pyrexia,  it  is  well  to  regard  al 
instances  of  albuminuria  arising  during  the  course  of  an  attfick  of  acarlatiit 
as  due  to  glomerular  nephritis  of  some  degi-ee,  if  only  in  view  of  th 
frequency  of  its  ob8erve<l  occurrence. 

Mr.  Dudgeon  recently  submitted  the  kidneys  from  two  owes  of  septi 
scarlet  fever  to  careful  microscopical  examination.  In  otich  case  be  fount 
very  marked  evidence  of  acuie  interstitial  intiaramation  thtough'iut  th 
renal  substance  The  changes  wore  indistinguishable  from  tlios*-  whic 
may  be  foiuid  in  any  septic  condition,  and  certainly  could  not  W  regardo 
OS  dependent  u|Hin  the  siiecifiu  action  of  the  scarlet  fever  poison. 

A  granular  change  may  be  found  in  the  hcart^mu.'M^le  in  fauil  coses  t; 
scarlet  fever  Hinular  to  that  often  met  with  during  the  course  of  aq 
other  acute  six-citic  fever  or  toxicmia.  whether  microbic  in  origin  4 
otherwise.  {Other  manifestations  of  the  scarlatinal  poison  are  dealt  wit 
in  the  section  devototl  to  complications,  see  p.  451.) 

Predisposition,  in  respect  to  scarlet  fever,  will  be  found  to  >'ary  wit 
age,  sex,  state  of  hejdth,  idio9;^'ncrasy,  and  prcWous  attack.  Of  th«c 
strictly  personal  factors  the  first  and  huit  are  undoubtedly  the  mot 
important 
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1        W'/f. — Daring  the  first  year  of  life  the  liAhility  to  scarlet  fever  is  not 

^^1 

1    rerr  ereat :  but  from  the  time  of  birth  it  shews  a  rnpid  jncrejise  until  the          ^^^H 

r           -    im  is  reaohctl  ihirini!  thi?  Hfth  and  sixth  ycirs.     From  this  time          ^^^H 

i           .   i:>  a    progressive   diminution    of    Rusccptibility   sets  in,    wliich   i»         ^^^^| 

continued  throughout  life.     On  reference  to  Table  III.,  wliich  deiiU  with          ^^^^| 

tbc  AgL'- incidence    uf    167.840    caseH    of    scarlet    fever    tnuitcd    in    the         ^^^^| 

Hospitals   of    the    Metropolitan   Asylums    Board,   it  mHII    bo    seen   that         ^^^^| 

coMderably  more   Liuin  a  third  of  the   whole   number   fall  within   the         ^^^^B 

^IBOaill  quin4|Uenjiium    of    life,  and    nearly   another   third    in    the    Hrst ;           ^^^H 

^.  remaining  cases  are  distributed   in  the  later  r^uinquennia,  of  which         ^^^B 

tho  thinl    claims   considembly    more    than    half.       It    will    be   evident,         ^^^^| 

tiurffore,  to   what  an  extent  early  youth  determines  susceptibility  to         ^^^H 

ibc  didtirise.                                                                                                             ^^^H 

T.IDLE  III. — Shewing  Incidence  of  Age,  Sex,  &iid  Mortality  of   1GT,840                ^H 

cues  of  Soarlet  Fever  admitted  into  the  Hoepitals  of  the  Metropolitan                ^H 

A»ylum«  Board  frr^m  1892  t4j  1904  irichusive. 
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Sr/. — The  influence  of  sex  is  not  very  great.     Females  are  attack.e<l 

■ 

■ore  fretjuently   than    mates  in   the    prtiportinn   of  about  seventeen    10          ^^^^H 

nxt4vti.     This  preponderance  in  respect  to  female  attacks  is  seen  in  each         ^^^^| 

qnitiqiiennium  after  the  fourth.                                                                                  ^^^^| 

SUktr  of  HrnWi. — The  liability  to  scirlet  fever  is  considerably  increased                ^| 

liy  Ihe  presence  or  recent  attack  of  any  other  acute  discjise  :  and  to  this                ^H 

mlc  the  other  members  of  the  infectious  group  are  certainly  no  exceptions                ^H 
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[aeo  "  C<}-«xiBience  of  Infectious  Diseases  "].  The  liubilicy  is  in  all  pnib- 
ability  gi-ejitest  in  a  person  suflering  from  diphtberia.  It  is  very  HmiUlnl 
whether  u  strumous,  tubeix-txloua,  or  other  livscrusia  aujaweiits  in  uiivtst 
the  BXHCoptibiliiy  tu  scarlet  fever ;  although  a  predisposition  i&  • 
eugeudered  by  the  presence  of  any  form  of  catarrh,  especially  M  ;>  ... .^^ 
iu  the  fauces.  The  proiiencss  shewn  by  the  inraat<>s  of  a  children's  mod 
to  take  the  infection  of  scarlet  fever  is  a  matter  of  common  olij^rntioo, 
and  the  alriiust  uniform  mildness  uf  its  niatiifeiftation  has  given  a  ^jteoji] 
signiticancc  to  the  term  "Surgical  Scarlet  Fever."  Thai  a  woman  dtiriug 
her  puerperium  is  thereby  rendered  more  BUfweptiblc  to  the  conugionol 
scarlet  fevor  than  she  would  luLve  been  if  subject  t<»  any  other  Inwenng 
inHucnco  is  at  least  doubtfid.  Although  I  am  by  no  means  convtDced  o( 
the  truth  of  the  assumption,  I  would  regard  the  occurrence  of  acftrtet 
fever  in  a  puerjiecal  wonum  with  the  greatest  anxiety.  In  most  case  of 
puerperal  scarlet  fever  the  act  of  parturition  is  dirc4:tly  excited  by  the 
sciirlatinal  attack,  and  in  view  (if  the  high  fatality  attendant  on  iht  pi«»' 
dition  every  eflort  should  be  made  to  protect  a  wuman  fmm  the  ritlcM* 
contracting  swirlet  fevor  during  the  later  weeks  of  pregnancy,  oventboo^ 
she  may  have  previously  suilVred  from  the  disease. 

Jtiiost/nfrastf. — ^The  immunity  enjoyed  by  some  individuals  who»  ihoog 
frequently  exiKwed  to  its  infection,  have  never  at  any  time  I»een  aita«ke 
by  th*>  diseafte,  is  a  curious  fact.  In  simie  instances  this  immunity 
shared  by  all  the  members  of  one  family,  and  in  certain  vnsvs  wua 
appear  to  be  hereditary.  Of  the  conditions  regulating  it,  howe^'er,  t 
have  absolutely  no  knowledge.  Experience  shows  that  we  Are  » 
justified  iu  regarding  such  immunity  :is  necessarily  lifelong.  Upon  oth 
families  the  disease  seems  to  fall  with  pecidiar  severity. 

J^iffru/iis  Jifarl; — The  immunity  conferred  liy  one  attack  in  most  ca* 
persists  throughout  life ;  but  second  attacks  of  scarlet  fever,  aiising  son 
years  after  a  previous  one,  Jire  not  infrequent  in  jiersons  in  whom  tl 
genuineness  of  the  prinuiry  attack  was  beyond  dispute      (See  p.  400.) 

Incubation. — In  the  large  proportion  of  cases  in  which  it  ia  poasil; 
to  doHne  the  length  of  inctil^ation  with  any  degree  of  accuracy,  the  peri* 
between  a  single  detinite  exposure  am)  the  first  ap]xuirance  of  the  feYui 
8ympt<>ms  has  been  cither  two,  three,  or  more  rarely  four  days.  In  sor 
well-authenticjited  instances  the  latent  suige  appears  to  have  l»cen  Ic 
than  for.y-eigbt  hours,  bnt  not  nuich  less.  It  is  significant  that  in  soi 
of  those  cases  for  which  an  incul»ation-]>6riod  of  less  iluin  twcnty-foi 
hours  has  l>een  chiimerl,  the  rash  has  not  appeared  until  the  tliird 
fourth  day  nf  the  rccopclerl  attack.  I'he  early  sore  throiit  from  whi* 
the  atb'ick  was  dated  may  not  have  been  a  symptom  of  scarlet  fever 
all  ;  a  simple  tonsillitis  or  faucial  catarrh  seems  lo  render  a  person  d 
tinctly  more  susceptible  to  tlie  action  of  the  scarlatinal  virus. 

On  the  other  hand,  the  period  of  inculvition  is  sometimes  as  loQg 
five  days  and,  in  rni'e  instances,  it  is  tietieved  to  have  been  six.  It 
sometimes  loosely  stated  that  the  latent  stage  in  scarlet  fever  may  extol 
to  the  length  of  a  fortnight,  or  even  niorei  but  such  atatamenta  must 
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»ived  with  caution.  I  hnvo  never  mot  with  an  instanco  in  which  there 
was  &ny  valid  reason  to  twlievo  tluit  the  [>eriod  had  been  longer  than  six 
cumplcto  dftva,  Tlu'  puint  is  one  of  pnictical  iinjH)rtancu  to  {larents, 
Kh'M>lina«tcT«,  and  i^thcr  jx^rsons  concerned  with  the  custody  of  childreiL 
Ml  it  may  l>e  confidently  ytiiled  that,  if  the  Hrst  case  l»e  jiroperly 
;  and  the  necciisjiry  nu'iisures  for  disinfection  scnipuiously  eanicd 
oui,  ifae  safety  of  the  other  members  is  practically  assured  pronded  no 
lecodd  case  arise  Itelore  the  end  of  a  week. 

Invasion. — The  scarlatinal  nttjick  in  most  persons  develops  with 
COQudemhIe  rapidity.  In  atldition  to  the  orflinary  signs  of  the  febrile 
ltil« — Buch  118  cliilld,  weariness,  aching  pains,  cijjttcd  tongue,  loss  of 
»pji6titt!^  bruken   rest,   etc.  —  there  are   three   symptoms   which,   in   the 

^ueiicy  of  their  olwerved  association,  are  eminently  snggentive  of  com- 
ing scarlet  fever.     These  are  «oro  throat,  headache,  mid  vomiting ; 

which  may  \yt  added,  less  decidedly,  diarrhn-a.  Of  these,  sore  throat 
iccouipanipd  by  more  or  less  subraaxillai'V  tenderness  and  a  variable 
d<gn*  of  painful  deglutition,  is  pi'olwd>ly  the  moat  constant:  next  to 
tbia.  in  adults,  headache  is  the  most  fre^fUunt  symptom.  Iti  young 
cluliJrfn  vomiting  is  relatively  more  frefpienl  than  headache  :  diarrhu-a, 
Uw,  more  oommoidy  occui-s  in  children,  especially  on  the  ai)pro;ich  of  a 
ffvene  attAck.  An  analysis  of  1008  consecutive  cases,  in  which  the 
hislory  of  onset  was  inquired  inU^,  shewed  tliat  vomiting  occurred  in  no 
IcH  ihau  ?*0  per  cent.  In  this  scries  more  than  7o  per  cent  of  the 
puienu  were  under  ten  years  of  age. 

1  have  said  that  in  a  certain  iuinilj>er  of  CiLses  a  soro  throat  may  have 
[KWfded  the  other  symptoms  of  invasion  by  severjd  days,  even  a  week. 
But  in  them  a  distinct  aggnivation  of  the  throat  symptoms  is  usually 
»«ii  wrhcn  the  rise  of  temperature,  vomiting,  lie^'idacht*,  and  other  signs 
of  Acutc  invasion  supervL-iie,  and  the  early  8*ae  throat  may  very  likely 
Ibtc  been  unconnucted  with  scarlet  fever,  or  but  a  disposing  factor  at 

As  a  gi^noral  rule  severity  of  initial  symptoms  implies  severity  of 
*K4ck,  especially  in  resi>ect  to  |K'rsistent  vomiting,  which  is  the  rule  in 
<»««  of  the  toxic  variety.  Some  very  milil  cases  cxhihit  a  complete  absence 
*>!  piodroma  ;  the  rash  may  he  the  earliest  and  most  ]>rominent  sign  of 

Clinical  Varieties, — Although  no  fast  line  can  be  drawn,  between 
"'K'  form  t>f  attack  and  another,  yet  for  the  purposes  of  clinical 
.ejiuifi cation,  and  more  important  still,  in  reference  to  prognosis,  crises 
[fcarlel  fevor  can  generally  be  referred  to  one  or  the  other  of  the 
following  chsses— »(1)  Simple;  (2)  Septic;  (3)  Toxic.  Of  these 
two  latter  are  by  far  tin;  most  grave.  It  nnist  be  remembered, 
rever,  that  individual  cases  vary  much  in  the  severity  of  their  mani- 
ns,  auti  insensible  grtwUtiona  are   seen  on  the  confines  of  these 


\mjAt  ScnrUt  Fecer. — Otherwise  known  ;is  Scarlatina  Simplex  or 
riatina  Benigna.     A  case  of  this,  the  most  common  variety,  may  he 
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expected  to  conform  to  the  following'  brief  deecriptiun  : — After  the  a; 
toras  of  invasion  have  perfiiate*!,  usually  with  moderate  severity,  for  a' 
twenty-four  hours,  the  clmracteristie  scarlet  eruption  AppearH,  boiii 
most  instiinces  first  seen  on  the  neck  and  chest.    In  «  considemhly  s 
number  of  wises  the  raab  nui^'  l>o  delayed  even  as  long  a^  thirty-six 
lifter  definite  invasion.     It  is  jtttended  with  ;m  aggntvation  of  the  t 
symptoms,  and  the  tongue  Incomes  thickly  coated.     Faucial  discoi 
and  more  or  less  diflictilty  in  swallowing  are  complained  of,  the  atli 
being  attended  in  some  caaos  with  severe  pain  running;  up  into 
both   ears.     Tenderaesa  and  a  slight  hut  pfiljjahle   fulness  of  the 
maxillary  lymphatics  ar-e  present  in  almost  every  instance.      Along  \ 
the  increase  in  faiiciai  discomfort  the  rash  continues  to  extend,  the  fl 
to  incr&ise  in  frequency,  and  the  temperature  to  rise,  until  a  clima 
reached  on  the  third  or  fourth  day  of  illness,  by  which  time  the  loi 
presents  the  characteristic  strawlieiTy  appearance.     Then,  or  a  day  li 
defervescence    sets    in    atten-led    with    a   gradual    improvement    in 
directions  ;    the    temporature    and    pidse    steadily   subside,    the   enij 
fade-s,  the  throat  symptoms  abite,  and  convalescence  is  reached  on' 
sixth,  seventh,  or  eighth  day  unless  interrupted  by  some  complic* 
It  may  therefore  be  stated  that  the  febrile   stage  in  a  welt-dev«| 
attack  of  simple  scarlet  fever  lasts  about  a  week,  and  even  beforo 
time  .<iomo  peeling  is  usually  to  be  fonn<l  in  cert<iin  situations, 

2.  iy€iitk.  Scarlet  Frtrv. — This  form  of  att^ick,  often  designated  S< 
tina  Angiuosa  or  Scarlatina  Ulcerosa,  most  commonly  affects  yi 
children.  It  is  churacteiisod  by  an  idceration^  which,  though  iiivarj 
commencing  in  the  tt)nsits,  may  by  its  extension  lead  to  wides]] 
destruction  of  the  neighbouring  parts.  The  process  is  attended  witl 
gradual  development  of  the  symptums  of  septico-'mia.  BrieHy,  the  d 
of  the  atCAck  is  as  follows : — After  the  signs  of  invasion  (wliich  are  1: 
to  l>e  m«>re  pronounced  than  in  the  previous  class  of  case)  have  pcrsiste< 
some  twenty-four  hour^  more  or  less,  the  eruption  appears.  It  is  usi 
intense  and  somewhat  dusky,  often  |>atchy  in  its  distribution,  and  nsl 
shews  a  tendency  to  staining,  which  may  go  on  to  the  formatio) 
definite  petecfaiie ;  with  the  development  of  the  rash  the  Itjmperal 
rises  rapidly,  and  by  the  third  or  fourth  day  may  reach  104  F. 
tonsils  are  much  swollen  and  the  faucial  mucous  membrane  ad 
inHamed.  The  surface  of  the  tonsils  often  jiresents  necrotic  patchy 
variable  extent,  ur  the  tonsils  may  be  coveretl  with  an  exudation  ^ 
is  very  likely  to  be  mist-akon  for  concurrent  diphtheria  (see  p.  848). 
tongue  by  this  time  will  probably  present  the  characteristic  straw! 
appearance.  From  this  point  the  condition,  instead  of  beginnin 
aujcnd  as  in  simple  scarlet  fever,  continues  with  undiminishwl  sevi 
The  temperature  remains  high,  and  is  of  an  irregular,  remittent  rhar« 
The  exudation  or  superficial  slough,  if  present  on  the  tonsils,  gives 
to  definite  ulceration,  attended  with  progressive  infiltration  of  the 
jacent  lymphatic  glands  and  surroun<ling  cellular  tissue.  This  bra 
infiltration  of  the  tissues  of  the  neck  is  most  distinctive  of  septic 
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fevet;  uid  if  bilateral,  may  almost  oQcircle  the  neck  like  a  collar.     A 

{mfue  mucopurulent  discharge  escapes  fK)m  the  nares,  which  become 

more  or  less  blocked  in  conse(|nenee.     In  some  of  the  \w\xv.  severe  cases 

Uif  dischai  ge  is  thin  and  sanious.  and  by  its  imtant  effect  excori/ites  the 

^fegUTou n d ing  the  noHtnla.     By  the  end  of  the  week  the  tongtie  again 

^^■■pi  ooat«d  and  dr}-,  the  breath  offensive,  and  diairboK^  often  siiper- 

^HT  During  the  course  of  the  second  week,  unless  improvement  sot 

in,  the  jiittient's  stale  is  usiudly  aggravated  by  further  changes.     The 

taB|israture  becomes  of  a  more  septic  character,  shelving  diurnul  laiin- 

tioosof  two  or  even  thi*ee  degrees ;  and  the  pulse  more  rapid  and  feeble, 

iu  young  children   being  often   over   160.     Deglutition   becomes   more 

ihlficnlt,  or,  in  consequence  of  progressive  destruction  of  the  parts,  even 

impfifisible.     Thus,  food  and  offensive  secretions  may  enter  the  lur^iix, 

4qJ  lirorichitis  or  bronchopneumonia  result.    The  condition  of  the  patient 

It  this  juncture  is  deplorable  in  the  extreme.     Any  attempt  lo  swallow 

aattdnJed  with  the  jKias;t^e  of  food  into  the  nares.     Sleep  is  imijossible 

in  consequence  of  the  entrance  of  irritant  secretions  into  the   larynx. 

His  msy  give  rise  to  paroxysmal  attacks  of  coughuig.  which  are  ex- 

inndy  pninftd  by  reason  of  the  lUceratod  condition  of  the  structures 

fofning  the  upper  part  of  the  laryngeal  0}>ening.     In  such  cases  no  rest 

on  be  obtained,  and  the  exhaustion  and  goncr'al  prosti*ation  are  extreme. 

Towards  the  end  of  the  second  week  a  morbilliform  oniption  ol'BCjJtic 

i'liiiy  appear  on  the  Imttocks,  cheeks,  and  extensor  aspect  of  the 
.. ;  juints  ;  and  the  ca.se  may  rapidly  prove  fatal.  Death  may  not 
Kfur  until  the  thin!  or  fourth  week,  in  which  case  suppuration  is  very 
prone  to  arise  in  connexion  with  some  ttf  the  lymphatic  glands,  or 
eiwwhere.  Farther  symptoms,  which  usually  set  in  before  death  and 
Atf'inJ  evidence  of  the  septica'mic  nature  of  the  cjise,  are  profuse  diarrhu-a, 
fwtlfastiess,  delirium,  sweating,  pulmonai-y  congestion,  bronchopneumonia, 
•arting,  and  albumimiria.  In  cases  which  recover,  the  pyrexia  and  other 
■}'mptom8  usually  shew  a  gradual  abatement  during  the  latter  half  of  the 
»coDd  or  third  week ;  but  even  in  the^o  the  duration  of  the  acute  illness 
i»  leldom  less  than  a  foitnight.  Wasting  is  considenible,  and  con- 
v»l»*ccnce,  often  interrupted  by  the  ailverit  of  s*»mc  well -recognised 
cfiinphcation,  is  corresiwndingly  protracted. 

%  /ftjcic  Searld  Fr^ivr. — This  form  of  att/uik  includes  those  cases  which 

«rt  often  describe*!  by  the  terms  Scarlatina  Maligna,  Ataxic  or  Adynamic 

itl  Fever.     The   characteristic   feature   is   that   the  gravity   of  the 

feiit'a  condition  is  out  of  all  proportion  to  the  severity  of  the  throat 

)n.     In  the  true  mulignant  attack  the  patient  is  stnick  down  by  the 

iiiUuuity  of    the   scartaliitHi   poison,   and   dies   even   before   the   typical 

?ioptoms  of  the  disease  have  had  .sufficient  time   to  shew  themselves. 

rashf  if  prestnit  at  all,  is  patchy  and  ill-developed  ;  there  is  but  little 

Jtion  of  the  fauces,  the  pulse  is  extremely  rapid  and  feeble,  and  the 

lent,  often  conscious  to  the  end,  succumbs  with  the  signs  of  prnfound 

i'uiia  depression,  and  a  temperature  which,  as  in  snake-bite,  ni.iy  have 

subnormal  throughout. 
VOU  II. — PT.  I  2t 
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Such  cases  at  the  present  day,  in  Loudon  at  any  rate,  aro  exc 
ntre ;  whatever  may  have  been  the  cuae  in  the  past^  Not  infreqi 
however,  a  type  of  attack  is  met  \dth  which  by  iU  toxic  intei 
deserving  of  the  name  "Semi-mnlignant."  It  presence  the  fol 
chHi'actcrs :  the  si^tis  of  invasion  ait;  uiiusually  Hevere,  especia 
vomiting,  which  uftou  persists  throughout ;  the  temperature  soon  i 
a  great  height,  perhaps  to  106"  F.,  and  is  for  the  moat  part  sostaine 
but  slight  remission ;  the  rash  quickly  ap|K*-ara,  and  becomes  in 
vivid,  \^^th  a  tendency  to  cyanosis,  best  marked  in  the  bps  and  o 
lies  i  petechine  sometimes  Hp]>ear  in  the  skin,  which  may  l)ecom* 
lii^coluured  in  de^iendent  jutrts ;  the  fauces  are  vivitlly  irtjecl^* 
more  or  less  oL'domatous,  but  thei*o  may  be  no  ulceration  whato> 
any  obvious  infiltnitioM  of  the  subjacent  lymphatics;  the  pulse 
fretiuent,  often,  in  children,  reachitig  IHO  by  the  end  of  the  sec 
third  day.  Vomiting,  intense  restlessness,  miiscidnr  tremor,  and 
confusion  arc  usually  present,  the  latter  {jassing  through  the  s 
deliriura  into  final  coma.  Occasionally,  however,  e8i>ecially  in 
the  mind  remains  remarkably  clear  almost  to  the  end.  Death  coi 
takes  place'  on  the  fifth  or  sixth  rlay.  Towards  the  end  of  thw 
the  temperature  often  shews  a  further  elevation.  It  may  rcgisle 
106"  at  the  time  of  death.  Cadaveric  lividity  always  sets  in  i 
and  signs  of  its  approach  ai*e  often  noticeable  before  life  is  extin 
in  typhus  fever,  this  condition  dimply  represents  the  final  develop) 
a  petechial  eruption  coupled  during  life  with  some  degree  of  cyano 
may  be  n^gaixled  \\a  an  expression  nf  the  intense  toxic  htemolysU. 

It  should  Ik;  ramarke<l  that  the  term  "rualignant"  is  often 
applie<I  to  thjit  class  of  e.tse  which  is  here  descrilied  under  lb 
"septic"  It  is  true  that  many  iif  such  cases,  from  one  point  q 
are  malignant — indeed  very  malignant ;  but  in  them  the  dc 
.symptoms  are  tlependent  ii|>on  the  relative  severity  of  a  local 
which  may  Im?  reganled  a«  more  or  less  contingent  to  scarlet  \e.\ 
seems  to  me  more  logical  to  restrict  the  term  "malignant"  l> 
cases  which  are  malignant  in  vtrtuo  of  the  intense  action  of  the  u 
scarlatinal  poiso?i. 

Analysis  of  Symptoms. — Asytct. — ^The  facial  expression  in 
fever,  at  any  rate  at  an  cjirly  suge  of  the  attack,  is  usually  int4 
The  eyes  are  bright  and  sjwrkling.  and  the  conjunctiva?  during  t 
two  days  aro  commordy  somewhat  injected,  especiaUy  if  the  i 
well  developed.  The  clieeks  are  from  the  first  suffused  with 
flush,  which,  on  the  second  or  third  day  of  the  eruption,  becom 
were  dusted  over  with  a  fine  white  powder,  giving  rise  to  an  npp 
of  ]M>wder  and  rouge  which  is  very  suggestive  of  the  stage.  ThJ 
reality  the  earliest  sign  of  peeling.  In  many  nviies  the  powderii 
fine  that  it  might  not  inaptly  l>e  compared  l<i  the  bloom  on  a  ripe 
and  tends  greatly  to  enhance  the  natural  beauty  of  childhoot 
characters  may  be  clearly  defined  b}'  the  aid  of  a  magnifying  lem 
forehead,  too,  is  not  infrequently  flashed,  but  to  a  much  less 
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Tbewgion  around  the  mouth  fs  never  inviided  by  a  tiuah  or  raah  of  any 
iloKniJliui),  but  Btiinds  out  pile  and  w)ijte  in  marked  contrAAt  to  the 
riviiiJy  ij)jectti<]  cht'«k.  This  circiiraoral  iiallor  forms  a  well  defined 
circle  or  triangle,  iKMuided  hitenilly  by  the  nti-su-litbial  fohls,  und  below 
ItV  the  point  "f  the  chin.  This,  lliou^h  by  no  means  distinctive  of  starlet 
fcvCT,  in  of  considerable  diagnostic  vulue  as  a  point  of  difl'erentiation  from 
neuies.  After  tlie  fall  of  the  temperature,  and  the  decline  of  the  rash, 
ike  complexion  loses  these  ehjintcteri sties,  and  the  counlcmince  generally 
beooiUBS  somewhat  i>allid.  The  pallor  is  partly  the  i-esult  of  powdery 
iJMqnainAtion,  and  iH  iu  some  degree  de])endent  iijxwi  :i  condition  of  {Hwt- 
KirUtiDAl  ansemia.  la  very  mild  uti;iek^,  with  itligbi  eruption,  these 
tliitmctions  may  not  be  apparent, 

Krvytu/ti. — The  Heariatinal  rash  ia  very  charaetentftic^  appearing 
luiuUy  within  twontj'  four  hours  after  the  symptoms  of  definite  iuva- 
oiuii;  it  is  first  seen  on  the  chest,  neck,  and  upper  arms,  from  thence  it 
(|)re))j|s,  in  the  course  of  :i  few  huiirs,  over  tlie  trunk,  down  the  anns, 
'•i:dly  reachoa  the  legs,  extending  from  above  downwards.  In  well- 
r -I  cases  it  usually  reaches  it«  height  in  three  days,  that  is,  on  the 
lourth  day  of  attnek.  Its  full  development  on  the  lower  jwrt  of  the 
Ic^  may  l>e  as  much  as  twenty  four  hours  lacor  than  on  the  chest  and 
nock.  ltd  colour  may  be  best  described  as  a  bright  brick-red,  varying  in 
niilil  attacks  towanlH  jfink,  and  shewing  a  tendency  to  the  darker  scarlet 
tinis  in  toxic  eu^es.  luiensity  atid  pL^rsistence  usually  go  logothei;  with 
*  proiwrtionate  tendency  to  staining. 

Thore  arc   two   elements   in   tlie  developed  scarlatinal  eruption — a 
ely  papular  or  so-called  punctate  element,  which  is  usually  the  first 
ia()|«ar,  nnd  the  last  to  go  ;  and  a  superadded  erythema,  representing 
oiiflut'rit  element.     This  is  more  transient,  and  usually  <lisappejirs 
than   the   fine   papulation    referred    to.      In  many  cjises,  however, 
is  of  a  mixed  character  from  the  outset.     By  careful  attention 
to  the  relative  development  of  the  nish  on  different  parts  of  the  surface, 
is  usually   [jossible  to  giiuge  with  some  degiee  of  accui'acy  the  stage 
»hich  the  attack  is  presented.     Confirmatory  evidence  of  great  value 
be  deduced   from  the  appearance  of  the  tongue  at  the  same 
The  raah  when  fully   developed   is  attended  with  a  consiilerable 
»unt  of  indaramatory  cedema,  causing  more  or  less  difficulty  in  flexing 
finger-joints. 

The  eruption  fades  in  the  order  in  whicli  it  apjtear«.^d,  going  hand  in 

with  the  rise  and  fall  of  the  temperature.     In  well-developed  cases 

rash  is  gone  by   the  end  of  the  week,  leaving  behind  a  uniform 

yellow  discoloration  of  the  skin.     This  is  best  recognised  by 

with  the  finj^er  on  the  surface  of  the  abdomen,  and  then  rapidly 

idrawing  it.     In  some  instances  distinct  lines  of  hiemorrhage  may  be 

jrued  for  sevend  days  runiiing  transversely  across  the  flexor  surface 

elbows,  wristSf  and  knees. 
Certain   local  |>eculiarities  of  the  eruption   are   deserving  of   notice, 
bi  the  first  place,  it  may  be  emphatiudly  stated  that  a  true  scai'latinal 
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eruption  U  very  mrAly  seen  on  the  face ;  whAt  is  aecn  U,  its  hai 
stilted,  simply  an  erythematous  Hush,  best  marked  on  the  cheflk 
often  in  less  degree  on  the  forehead.     No  punctalion,  slill  loss  (»apu 
is  to  \yQ  found  in  thi;  va.sT.  majoiity  of  caae^.    The  same  distinecioQ 
of  the  piilrns.  and  still  more  of  the  soles.  fl 

Although  the  diKtribulion  of  the  miutite  eniptive  jNipules  loj 
some  extent  determined  by  the  points  of  emergence  of  hairs,  yet 
by  no  means  necessariJy  so ;  for  the  tniijority  of  them  do  not  corr 
in  locality  irith  the  hair-follicles^  or,  if  so,  only  by  necident.  Ho 
the  locjil  Hnat<:)inic;il  peruliaritiefl  of  the  skin  are  not  alto;L^*tht•r  ¥ 
effect  on  the  development  of  the  scarlatinal  eruption.  Where  th 
surface  is  coai'sety  jxtpular,  as  for  instance  on  the  outer  suHhca 
upper  arms  and  on  the  outside  of  the  legs  and  thighs*  it  will  be 
that  the  rash  is  characterised  fcy  numemus  coarse  and  indurated  p 
These,  however,  may  be  normally  present,  in  which  case  they  are 
rendered  more  obvious  by  the  bypencmia  which  is  an  essentiul  fea 
the  scarlatinal  eruption.  But  although  in  their  nature  muny  o 
papidcs  may  not  be  stiictly  scai-Iatiual,  they  nevertheless  afford  v 
indications  of  a  recent  eruption,  as,  by  retaining  their  injectio 
may  remain  unduly  obvious  for  several  days  after  the  true  raah  1) 
appeare<i.  Thr  diagnostic  vahie  of  this  coarse  j>apulation  on  thi 
side  of  the  legs  and  upper  arms  during  the  second  week  of  scaHe 
can  hardly  be  overestimated. 

During  the  decline  of  the  eruption  the  tension  in  the  sldn  gn 
relaxes  as  the  cedemu  disappears^  and  a  somewhat  shrivelled,  pare 
like  appearance  of  the  epidermis,  especially  on  the  hands  and  feet, 
a  trustworthy  indicjition  of  the  peeling  which  is  to  follow. 

In  some  cases,  in  coTiserjuencc  of  the  intensity  of  the  rash,  the 
]>apules  which  chamcterise  the  scarlatinal  eruption  ncttmlly  pro* 
vesiculation,  and  so  give  rise  to  localiiK^d  crops  trf  miliaria.  Tlie; 
in  their  appearance  from  those  seen  in  acute  rheumatism  in  tfai 
one  is  situated  upon  an  obviously  inHamed  basu.  They  mosi 
occur  upon  the  1>ack  of  the  hands,  wrists,  und  foreiiriMs*  more 
on  the  neck,  chest,  and  abdomen,  and  often  give  rise  to  consii 
irritation. 

Ik^j^xmaixmx. — A  certain  amount  of  peeling  of  the  cuticle  ' 
found  in  ail  cases  which  have  >»een  attended  with  a  distinct  er 
Whether  peeling  ever  occurs  in  cases  in  which  there  has  been  abs 
no  rash  is,  however,  less  certiiin.  Itji  amount  is  uamilly  pro]>ortio 
the  intensity  and  persistence  of  the  eruption.  Desquamation  bet 
same  relation  to  the  antecedent  eruption  as  peeling  of  the  tongn 
to  the  prenous  iiiHammatory  injection  of  the  raucous  lining 
mouth  and  fauces.  In  iufnuts,  in  whom  the  skin  is  soft  and  fat 
subsequent  peeling  is  uiinally  but  slight  and  transient,  and*  unleas 
for  with  the  greatest  care,  may  escape  oleer^'ntion  altogether.  It  ; 
beat  observed  by  rubbing  the  tikin  with  a  towel  after  the  child  bs 
bathed,  when  dolicato  rolls  of  cuticle  will  generally  l>e  seen  to  oc 
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fnr  wveral  daya  after  the  rash  has  fmled.     Peeling  too,  ia  often  slight 

i; '  I  !^lefinc<i  in  aiJiilrs  who  have  passer!   throiij^h  a  niiUl  Attack.     The 

my  ■  L'u  of  its  presence  in  persons  in  whom  the  skin  is  nutmaJIy  grojisy, 

IB  It  oitfu   ifl  in  young  adnlts  who  sue  the  8U^^3e^•t8  of  acne,  may   Ikj  jl 

wparation  in  patches  of  the  thick  epidermis  of  the  palms  and  soles. 

The  lociO  pe<-u]ianties  of  the  skin  in  diflVrent  piirta  of  the  hody  exert 

I  tnfwhfring  effect  upon   the  chararter  of  the  <le3qHaniaLi(»n.     Thus,  on 

Utrfocc  ;inil  ears  it  iiBually   takes  the  fonn  of  a  fine  powdering,  and  the 

«ffle  nmy  Ite  true  of   the   groins,  axillft',  and  inner  side  of  the  u])per 

Anns,    On   the   neck,  trunk,  forearme,  and  thighs  the  surface  epidermis 

Kp&Tktefl  in  the  form  of  delicate  scales  or  shre<ls  of  variable  size,  com- 

■only  preceded   by  a  pin-holo  or  worm-eaten  appearance  of  the  riiticle 

whidi  is   very  distinctive.      From   tliese   numernus  centres  the  |>eeling 

aunds  centrifu^illy,    until,   by   fusion   of  their  peripheries,  anj'   snch 

smnpement  is  imiKMceptible.     The  skin  covering  the  front  of  the  knees 

I    deHqiuimati's  in  roarser  scaler  and  in  less  characteristic  fashi(tii. 

i:.  atill  belter  marked  as  regards  the  palms  and  the  soles,  from  which 

tlw  cuticle  usually  comes  off  in  large  thick  flakes.      In  some  instances 

ihwa  are  «o  extensive  as  to  resemble  an  incomplete  glove  or  golosh  ; 

«b«reu  in  others,  a  dry  and  chalky  appearance  of  the  palms  and  solos  is 

ill  tint  ean  he  found  to  represent  desquamation.      It  h:ts  l>een  said  that 

till'  ii.iiU  are  occasionally  shed   jis  a  part  of   the  general   desquamative 

pmoess,  but  1  have  never  seen  this  occur. 

The  earliest  sign  of  des{|uamation  will  be  found  on  the  face  in  the 
form  of  the  fine  powdering  on  the  cheeks,  which,  if  the  subjacent  flush 
ircU  marked,  i;ivea  rise  to  the  powder  and  rouge  appearance  before 
furred  to.     In  many  cases  the  powdering  is  of  a  coarser  character,  an<l 
T  bt!  earliest  and  best  marked  on   the  fronud  eminences,  the  eyelids, 
TLueo-c  Ulan  eons  junction  of  the  lips,  the  lobules  of  the  e^rs,  and  at 
nwrgiri  of  any  scab  or  recent  cicatrix  wherever  situated.     In  well- 
vdoi)ed  attai^^ks  the  peeling  may  be  visible  on  the  face  as  early  as  the 
day  of  the  rash.     It  rapidly  extends,  and  by  the  end  of  the  week 
Wfll  markeil  on  the  neck,  chest,  anrl  inner  surfiicc  of  the  arms.      By 
eoil  nf  the  second  week  peeling  will  liave  beettmu  more  or  less  general, 
face  iind  neck  by  this  time  will  usually  have  completed  their  peeling. 
«Fidence  of  that  which  is  to  follow  may  either  then,  or  a  little  later, 
obwrvefl  on  the  palms  and  soles,  which  feel  dry  and  porcbment-like, 
present  a  somewhat  wrinkled  appearance.    At  the  end  of  four  weeks 
mg  in  most  cases  will  have  Iwen  completed,  with  the  exception  of  the 
pilms  and  .soles,  which  do  not  becomu  clear  as  a  rule  until  two  or  throe 
^Ijeeks  more  have  elapsed. 

^H  In  some  persons  the  period  of  desquamation  extends  to  the  length  of 
P^Kee  or  even  four  months,  but  the  majority  vn\\  have  finished  their 
I  pMUng  in  from  six  to  eight  weeks.  Kedeacpiamation  not  infrequently 
I    occurs,  bnt  is  rarely  more  than  |)artial. 

I  A  sbght  fiUTOw  running  trarviver-sely  across  the  iwil  often  serves  as 

aa  indication  of  a  previous  scarlatimd  eruption.     These  depressed  lines, 
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which  not  infretjiiBntly  have  ti  rh>tttMl  H[)[)cantiK':e,  nuiy  be  aeen  nWe 
hefl  of  the  nail  during  the  course  of  the  third  week,  and,  rising  u 
null  grows,  they  UBuaily  reach  the  free  liorder  in  four  or  fivo  ror 
Though  met  vrith  in  other  fevers,  thoy  but  rarely  rench  the  sanie  dc 
as  in  mai»y  cases  of  scarlet  fovcr. 

J^rrnjtfrahirt. — KiBirig  rapitlly  with  the  first  symptoms  of  iD*".'«iion,lhr 
temperature  iiHuiilty  reaehrH  lU  climax  on  the  third  or  fourth  uvenin^  ul 
the  disease,  hy  which  time  the  rash  also  will  have  atttiined  its  full  d#- 
velopniLMit.     After  this  the  ci>urse  of  the  temperature  will  vary  with  tb* 
type  <jf  attack.     In  simple  scarlet  fever  it   proceeds  pari  passu  with  the 
eruption,  shewing  n  gmdiial  decline  until  the  normal  is  reached  by  ab(int 
the   end   of   the  week,  or,   in   very   mild   eases,   a  diy   or  two  sooner. 
During  thu  first  three  or  four  days  the  dim-nal   variation  ia  hut  jiUclil 
the  evening  temperature  )>eing  UMially  a  degi'ee  or  two  bigh^T  than  tb* 
morning  reconl.     Throughout  the  lysis,  which  coiiicidea  with  the  lailc 
half  of   the   week,   the  daily   excursion   is  commonly   soniewhal  widfl 
shewing   perhaps  a  difference  of   more  than  two  degrees   between  th 
morning  and  evening  records.     In  this  form  of  atUiuk  the  tempemriir 
hut  raroly  reaches  105'  F.,  even  on  the  evening  of  the  third  or  foin   ii 
It  usually  varies  at  this  stage  between  102'  and  MM  ,  and  its  sul.  . 
decline  is  commonly  more  gratliial  than  itR  previotis  Jiscent.  ^ 

In  the  septic  form  of  attack  the  teni[M>rature,  iriRtcatl  of  «hewi^P 
gradual  fall  to  normal  during  the  latter  half  of  the  fii-st.  week,  coniinui 
at  about  the  same  level ;  but  the  rlaily  variatifms  Itecome  wider  as  tl 
septic  features  of  the  illness  become  more  pronouncetl.  Sulmeipietiil 
thf  course  of  the  temperature  will  naturally  depend  ujwn  the  nitinmi 
character  of  the  attack.  In  favourable  cases  a  gnubial  return  to  norm; 
usiudly  commences  at  some  time  during  t\w  course  of  the  sei-nnd  werl 
and  dcforvtisecrice,  even  if  uninterrupted  by  any  di*finite  eomplicatio 
miiy  take  another  week  before  it  is  complete.  In  the  toxic  variety  il 
temperature  is  maintained]  at  a  higlier  level,  and  is  less  remitt<^nt. 
usually  avorjigos  aViut  104  F.  Most  of  these  cases,  however,  die  withrw 
any  abatement  of  pyrexia  before  the  end  of  the  first  week.  Indeed,  tj 
t^'mjajratun'  may  register  106'  or  more  at  the  time  of  death. 

It  may  Im?  definitely  stated  that  anything  appi-oafhing  a  true   tet 
peraturo  crisis  in  scarlet  fever  is  an  event  of  the  greatest  i-arity. 

/V*t  awl  lirspirtUvm. — The  only  fe«liu^  of  the  ac»rlatinal  puli 
which  is  deserving  of  mention  is  an  umlnc  rapiflity,  usually  wt 
during  the  first  twenty-four  or  thirty-six  hfturs  of  the  attack.  Th 
is  l)o8t  marked  in  those  toxic  cases  which  are  attendeil  with  pt-rsistei 
vomiting  and  hy]»erp\Texia ;  but  even  in  simple  scarlet  fever  ll 
pulse  of  a  child  of  five  years  old  may  register  nearly  160  per  minute  3 
the  commencement,  although  the  temperature  may  not  bo  higher  tbt 
103°  F.  After  the  second  day  this  character  is  usually  lost.  The  artori 
pressure  is  high,  and  the  vessel  more  often  feels  small  than  ihc  reverfl 
During  eonvalcsi^nce  iui  unusually  slow  pulse  is  occasionally  oltst-rved 
adults. 
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The  frequency  of  the  respimtion  seems  to  vary  more  with  the  hciglit 

tlifi  temperature  than  the  rnpklity  of  the  pulse,  and  the  expired  air  is 

;hly  eluirgcd  with  «ir)>onio  acid. 

f'nvrtt. — The  t)i)ical  sairlatinal  throat  is  represented  by  a  vi\id  red 
iiyiy-tiori  of   the  miiroiis  membrane   of  the   fauces,   palate,   and    uiida, 

?Ddcd  with  some  degree  of  inllammatory  fcdcma,  and  more  or  less 
"mlling  of  the  tonsils.  The  degree  to  which  the  t-onsillar  swelling 
twj-  ttttiiiii  is  de|}cn<Ient  npon  the  seventy  of  a  parenchymatous 
IdniiUitis  asfiiXMatcd  with  the  acarlatiiud  procefw ;  and  its  amount  may  he 
KgEirded,  in  u  sense,  ;i5  more  or  less  of  an  accident.  There  is  reiilly 
nolhing  m  its  appearance  to  distin^ush  a  scarlatinal  throat,  in  mihl 
CUM,  from  A  simple  tonsillitis  or  faucial  cutun'h.  The  nmcom;  membrane 
dien  iK-rsents  an  Q.w^y  red  appearance  with  a  tendency  to  become  dry 
uid  sticW. 

Ill  certain  cases,  especially  those  in  which  the  inflamraation  is  vcrj' 
ii'iilt',  the  surface  of  the  tonsils  may  bo  coated  with  a  pelb'cular  fdr- 
ic«tion,  f»cctirring  ^ther  in  patches  or  in  a  oontinutnis  layer.  In  lare 
mfianrM  the  exudation  may  extend  beyond  the  limits  of  the  tonsils,  and 
cvKii  imcroach  on  the  ]Kilate  or  side  of  the  u^^da.  This  must  not  bo 
uki'U  as  evidence  of  co-existent  diphtheria.  In  some  cases  it  is  obviously 
a  tliiti  exutUtion  lying  upon  the  surface  of  the  tonsils  ;  in  which  case  it 
vf"!t  ^[ittmtefl  or  Iwcrmics  disintcgi-atcd,  givini;  rise  to  a  very  superficial 

■  i'-n  which  rapidly  heals.  Tn  othcn^,  instecid  of  bein^  rrdsed  above 
'  I  f.^uT.  it  is  somewhat  depressed,  and  represents  a  surfftcc-necrosis 
<A  the  tonsil,  Avhich  separates  later  as  a  distinct  slough. 

lit  the  septic  form  of  attack  the  chanicteristic  ulceration  of  the 
<oii»iiift  may  originate  in  like  manner ;  on  the  other  hand,  the  prr>ecss 
mijr  begin  :i8  an  ulcer,  which,  by  its  extension  in  all  dircclioi.s,  le.ids 
tOHicb  widespread  di'stnictiun  of  tissue  that  the  incclianisni  of  tlie 
ptfUis  greatly  interfered  wth.  In  exceptional  c;isea  a  [lerforaiitm  of  the 
pBlale  occurs  at  a  jwint  just  above  the  insertion  t»f  the  anterior  fuucial 
pflW.  Tlie  jH^rfonUion  is  usually  unilateral,  but  both  sides  may  bo 
•fltfted.  At  a  late  stage  of  such  an  attJick,  any  attempt  to  swallow 
"Milta  in  regurgitation  of  fluid  through  the  noijtrils,  and  the  entrance  of 
'M  and  offensive  secretions  into  the  laryn^'cal  orifire.  Thif*  not  only 
ieHlato  constant  distress,  but  undoulitedly  tends  to  rapid  development  of 
■qnic  bronchitis  and  bronchopnctnnonia. 

Thy  oHeiisive  muco-purulent  rhinorrhrra,  so  constantly  jircsont  in 
flp|itic  attacks,  is  dcpen<Ient  upon  ulceration  affecting  the  naso-pbarynx, 
»ht?nce.  in  consequence  of  the  swollen  condition  of  the  toiisiU,  the 
discharge  finds  a  more  ready  escape  thrriugh  the  anterior  nares.      Should 

nasopharynx  l>e  the  seat  of  adenoids,  the  ulceration  is  apt  to  Ik.'  very 

■table,  and  in  perhaps  th«  majority  of  cases  in  which  a  rhinorrh<ea 
»  onduly  persislont,  its  continiuince  is  dependent  upon  the  presence  of 
Mcnoids.     These  not  infrequently  slough. 

Tftnmir. — C)f  all  the  symi^oms  in  scjirlet  fever  the  tongue  is  perliaps 
the  most  characteristic.      As   in   simple   tonsillitis,   the   tongue  rapidly 
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becomes  coftted  with  a  thick,  white  creamy  fur  in  eousequenee  of  a 
Jictive  proliferation  of  its  normal  epithelium.  It  thou  cleans  witli  ilni 
e<puil  rnpi'lity,  and  in  well-devclo|M!d  atUicka  may  hocorac  c«iii|ii' ; 
denuded  of  its  t>pithclial  covering  by  the  end  of  the  third  day.  \'<\\\c 
of  the  tongue  begins  at  the  tip  and  edge^  wtiich,  as  early  a«  t7en;,v  leui 
hoiira  from  the  appearance  of  the  ompLion,  may  shew  up  rwl  and  nt- 
luoking  in  marked  contra«t  to  the  thickly-furred  dorsum.  OccasintwHy, 
oven  at  thi^  Kt^ige,  the  red  tips  of  the  fungiform  puiiiUae  may  be  uliwnid 
pituping  ont  through  tbu  fur  which  thickly  covers  the  dorsum,  atui  \ha 
give  rise  to  an  appearance  very  similar  to  thiit  of  an  unripe  Bcrawkny 
Hapid  sepamiion  of  the  epithelium  tlien  occurs,  frequently  in  foxcha 
The  pr-icosft  of  denudation,  which  commences  at  the  tip  and  etlgo 
extends  centripetally ;  and  by  the  third  or  fomlh  (lay  the  t^mKiK* 
completely  stripped  of  its  epithelium,  the  region  of  the  eircunivnlli] 
papilla*  being  the  last  to  clear.  The  t4.mgtic  at  this  stage  gready  r 
semblt^B  a  ripe,  red,  and  succulent  strawbeiry.  It  may  not  inaptly  1 
compareil  to  the  apfHjamnce  of  a  piece  of  raw  beef,  esjieeially  if  tl 
surface  become  somewhat  dry  and  glazed,  which  it  frequently  dow  wK 
the  patient  has  been  asleep.  Its  strawberry-like  appearance  is  gr«»t 
enhancei]  by  the  relative  prominence  of  the  fungiform  pupillte. 
must  be  remembered  that  the  completeness  with  which  the  tongue  jkn 
is  proportionate  to  the  degree  of  inflammat^jiy  injection  of  the  faur 
and  buccal  mucoUH  membrane.  In  cases  which  are  charaut^jrined 
very  mild  throat  symptoms  one  does  not  ex|»ect  to  find  so  typicn 
developmoot  of  the  strawberry  tongue.  The  value  of  the  tongue  w 
diagnostic  sign  will  be  obvious  when  it  is  stated  that  no  other  fo 
sore  throat  whatever,  but  that  due  to  scarlet  fever,  is  attended  w 
clean,  much  less  with  a  mw  looking  tongue.  Towards  the  end  of 
week  tho  normal  epithelial  coat  again  l>egins  to  be  restored,  and, 
sequently,  the  tongue  at  this  stage  usually  presents  a  somewhat  sil' 
appearance. 

In  septic  attacks  the  tongue  during  the  second  week  again 
coaled,  but  not  with  the  wliite,  creamy  fiu*  so  characteristic  of  the 
stage.     In  severe  attacks  the  organ   not   infrequently  becomes 
with  an  aphthous-looking  ulcerAtion,  which  may  also  involve 
and  buccal  burfacey  of  the  cheeks  and  the  lips :  in  this  case  i 
uncommon  for  the  angles  of  the  mouth  to  become  sore  and  fissured. 

In  nwasional  institnces  the  peeling  of  the  tongiie  remains  limilo 
the  tip,  the  eilges,  and  a  longitudinal  strip  down  the  centre  which  r 
presents  a  somewhat  raggeil  appeantnce.  GreAswell,  uinler  the  iii 
"triareal"  and  "pontarcid,"  has  described  certain  peculiarities  of 
tongue  which  he  met  with  in  some  cases.  They  are  certainly 
ceptional,  and,  moreover,  tiieir  relation  with  scarlet  fever  is  at 
doubtful. 

Glandt. — Some  degree  of  enlargement  of  the  glands  lying  1>eneath 
rauuis  uf  the  lower  jaw  probably  occurs  in  all  cases  of  strarlet  fl 
which  are  attended  with  definite  fauci&l  inflammation.     In  most 
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liiatiDct  fulness  may  be  obeerved,  accompanied  by  more  or  lesa  tenderness 
ijii  [iiussiire.  The  |»iin  experienced  on  swallowing  is  ntiaiidy  de]>e.ndeiit 
Rjiwi  the  pressuro  which  id  exerted  npon  these  glands  by  the  niiudes 
doriflg  the  act  of  deglutition. 

In  ^ptic  cascA  the  glandular  enlargement  is  considerable,  and  the 
Mnniemess  may  be  acute.  Suppmatioii,  moreover,  is  not  infre<iuent.  In 
TWT  wvore  eases  the  adenitis  is  often  as80ci.ite<l  with  h  low  form  of 
pcjudc-nitis,  and  the  infiltration  of  the  cellular  tissue  may  increase  to 
laebiii  extent  that  the  neck  becomes  encircled  by  a  collar  of  inHamcd 
MU^  giving  rise  tu  the  appearance  known  as  ''bull-neck.  "  The  swelling 
Imodw  red  and  brawny,  and  small  foci  of  suppunition  usually  occur  in 
itewbstance.  If  it  be  incised,  the  feeling  to  the  knife  is  like  that  of 
culling  through  hard  U'^cori-rind  \  and  a  thin,  blood-stained  iteruni 
eXQiles  whicb  hiis  strongly  irritjuit  proj^ertios.  OccAsionnlly  portions  of 
thetldn  break  down,  and  sloughing  of  the  subjacent  eellnlur  tissue  may 
occur  to  Bucb  an  extent  that  the  deeper  stiitctures  of  the  neck  become 
npoMd  to  view.  Such  patients  usually  die  about  the  end  of  the  second 
v«ek,  or  a  few  days  later ;  and  I  have  more  than  once  seen  a  fatal 
fanoorrluLge  occur  in  consequence  of  the  wall  of  a  vein  becoming  in- 
v»ired  in  the  slough.  Haemorrhage  from  the  perforation  of  an  artery  is 
fiiivMively  raixv  An  abscess  not  iufrequentU'  foi*ms  in  one  or  more  of 
the  glands  lying  deep  under  the  slerno-niH}4t<:»id  :  in  this  case  the  sup- 
puration is  attended  with  considerable  loeaJ  swelling,  and  the  constitutional 
cTmptoms  are  aggravated. 

aVmwiM  Sifstatt. — In  simple  scarlet  fever  a  variable  amount  of  mental 
4*cu»tioii  with  a  tendency  t<i  wander  at  night  time  is  not  uncommon. 
Tliaifr  signs  are  ustudly  associated  with  n  high  temperature,  and  conuuonly 
AppCir  on  the  thinl  nr  fuiii-th  evening  when  the  fovor  is  at  its  height.  It 
ikold  be  remarked,  however,  that  the  hejidaehe,  pains,  and  vomititig 
"vliKb  mark  the  early  stage  are  also  evidences  of  an  afl'ection  of  the 
nervous  centres.  In  severe  attacks  the  involvement  of  the  nervous 
syfllWD  is  much  more  pronounced.  In  young  children  the  attack  nmy  be 
Vrerl  in  with  a  convidsion  ;   but  though  severe  chills  are  sometimes 

Kdned  uf,  a  distinct  rigor  is  decidedly  rare.      If  the  tempemture  be 
ftlevated,  delirium  may  appear  as  eai-ly  an  the  second  night  of  the 
with  a  tendenc}'  to  become  continuous  during  the  latter  half  of 
i^eek ;  in  adults  in  these  circumstances  it  may  be  of  a  violent  character 
necessitate  some  form  of  resiraintw 

buring   the  course  of  the   second   week,  as  the  strength  fails,   the 
iriimi  tends  to  iKxronio  more  of  the  muttering  type.     Muscular  tremor, 
sultus.   and    loss    of   control    over   the    evacuations   appear    in    l>ad 
Towanls   the   end   the  signs  of  cerebral  exhaustion    gnulually 
rge   into    fatal    coma,    death    being    not    infrequently   attended    or 
!«w»d«l  by  a  rise  of  temperature  which  probably  results  from  excessive 
ICC  of  the  heat  centres.     Delirium  in  young  children  is  apt  to 
)ked,  as  they  are  less  .iccustomcd  to  give  expression  to  ideas, 
lem  a  blunted   receptive  faculty,  coupled  with  n^stlossness  and  a 
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tendency  to  piirpo6«le88  movetnenta,  may  be  the  only  Mgna  of 
impairment. 

In  c-vses  of  the  toxic  variety  the  initial  aigne  are  usnally  very  eev* 
the  voinititig  may  persist  throughout.     Muscular  tremor  is  rarely 
hut  in  some  cases  a  tendency  to  tonic  spasm  is  indicated  by  some 
tion  of  the  heart  and  the  presence  of  more  ur  lees  trisnius.     In  otb 
attack  of  general  conviUsions  sni>er>'ene9  at  a  late  sta^e,  which 
terminates  fatally.     Though  dull  and  confu&ed  in  mind,  if  not 
delirious,  the  |Kitient  is  apt  to  be  intensely  restless  and  to  resen 
ference   of  any   kind.     The   excreta  are   passed   involuntarily, 
mental  stupor  Boon  passes  into  Hnal  coma.     This  form  of  attack, 
iu  many  j»ints  is  very  suggestive  of  typhus,  is  sometimes  known 
name  of  "  Ataxic  scarlatina  "  in  conaetpienee  of  the  profotind  affec 
the  nerve-centres.    Temperatures  of  112^  F.  and  more  have  been  M 
in  exceptional  instances  ;  they  are  almost  invariably  fatal,  and  sucll 
is  diflieuli  lo  manage,  iw  the  patient  resents  Ixith  feeding  and  treal 

The  tfriTic  during  the  pyrexial  stage  presents  the  usual  febril 
acters.  It  is  scanty,  high-colotu-ed,  unduly  acid,  and  contains,  in 
tion  to  its  bulk,  an  excess  of  the  normal  solids.  The  chlorides,  hi 
are  diminishetl,  if  not  entirely  absent.  During  the  first  few  di 
amount  of  urea  j>a.'<sed  will  be  found  to  vary  directly  with  the  d« 
pyrexia,  a  temjiemlure  of  103  F.  l>eing  sometimes  a«.sociiile*l  w 
passage  of  urine  containing  as  much  as  -1  per  cent  of  urea. 
the  time,  however,  when  the  rash  has  reached  its  full  develfl 
usually  the  tliirrl  or  fourth  day,  this  relation  between  the  height 
tempenituro  and  the  amount  of  urea  commonly  disap|)eai-s.     T 


then   fr<M|uently  shews  a  sudden   drop   to  even   \ys&   than 
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although  the  temi>erature  maj-  remain  at  the  same  height, 
cases,  after  the  lapse  of  a  few  days,  the  amount  of  nrea  will  agidi 
a  temporary  rise,  although  the  tjpmperatnre  nniy  have  prugrt 
decreased.  During  the  height  of  the  fever,  the  urine,  as  in  othei* 
lUsonlers,  not  infrequently  contains  a  tniee  of  albumin,  which 
disappeare  as  the  temperature  falls. 

'I'lie  sudden  ap[>earance  of  urine  rendered  smoky  by  the  prei 
blood  is  due  to  definite  nephritis.     Such,  too,  is   the  case  if  th 
be  found  to    contain    a    progressively  increasing    tptintity  of    i 
even  thougli  unattended  with  h»*maturia.     In  these  cases  it  is 
passed  in  somewhat  diminished  quantity  at  first,  and  contains  a 
amount  of  urea.      At  a  hiter  stage,  however,  more  or  loss  diuresi; 
venos,  and  the  daily  loss  of  albumin    is    increased,  although  t 
amount  of  urea  excreted  may  still  remain   below  the  n<trn»al-     T 
and  tmnsiont  clouds  of  albumin  which   frequently  occur  during 
valescent  stAge  of  scarlet  fever  have  been    the  subject  of  cousi 
difference    of    opinion.     These    evanescent    traces    are    certain! 
common,  occurring  |K»ssibly  in  as  numy  as  20  or  30  per  cent  of  a 
Whatever  view  may  be  taken  of  their  pathology,  they  are  ap| 
devoid  of  any  prognostic  significance. 


Wrth  the  onftet  of  convalesoonce  the  urine  gradually 
dwnu-l£rSf  and  is  excret«<)  in  greater  quantity.  It  in  pale  anf 
rbcit  poesedf  but  a  nebiiluiiB  deposit  of  miKUS  and  phusphates  usually 
fonnat  the  hottf)m  of  the  veasel  on  standing.  The  daily  output  of 
amrftpidiy  diniiniah(^s,  attended  with  a  ooircaponding  fall  in  the  specific 
pvtiij.  The  chlorides  reappear  at  an  early  <late,  usimlly  before  the 
lonpenituro  has  fallen  to  normal 

A  alight  degree  of  albumosuria  in  not  very  uncomnion  in  scarlet  fever, 
ud  should  be  rememlierud  when  testing  for  the  presence  of  albtimin. 

A  toxic  l)ody  has  been  extracte<i  from  scarlatinal  urine  whirh,  like 
dac  found  in  the  urine  of  enteric  fever,  can  only  he  regarded  as  a 
dmvntive. 

The  hnv>els  are  usually  confined  during  the  febrile  stage,  and  may 
nmain  so  as  long  a»  the  [Mitiont  is  in  ImkI  ;  but  diairha'a  is  fre<|uently 
ID  eariy  symptom  in  sharp  attacks.  l>iarrho*a,  to<>,  often  appeai-a 
tAimrdi  the  close  of  a  septic  case,  and  the  stools  then  h)ecnme  exceeding 
nffmnve. 

Skin. — In  roost  cases  which  have  been  attended  with  a  we  11 -developed 
<!ni|iuoti  the  .^Idn  remains  dry  thioughout,  but  in  a  certain  proportion  an 
imperfect  diaphoresis  occurs,  leading  to  the  formation  of  copious  miliaria. 
F.xrvffinve  [>erspiration  often  comes  on  after  peeling  is  eompletofl.  It  is 
l»«i  iiiftrked  on  the  hands  and  feet,  which  fivi(uently  become  bathed  in 
swMt,  both  during  sleep  and  under  the  stimulus  of  the  slightest  mental 
oiatement.  In  :ubdt.s  this  tendency  may  last  for  several  weeks  after 
•Itcqiuunation  is  completed. 

F.  F.  C. 

Hematology. — Thr  Eryihrocytea. — From  a  systematic  examination  of 
g  I»|{kkJ  in  sturlet  fever  patients  Uu^'eru,  in  1884,  found  tliat  after 
jnce  there  was  a  decrease  in  the  number  of  red  cells  by  about 
,000  per  c.mm.  Kotscheikoff  obsenetl  that  a  rcdtieti(tn  of  the  red 
o'lb  amounting  to  2,00<»,000  per  c.mm.  or  mor*-  occurred  iu  nearly  all 
owes.  C)n  the  other  hand,  Zappert's  observations  did  not  shew  such  a 
•Itfinite  oligocytluemia,  for  in  only  one  of  .six  cases  was  the  count  below 
(-••OO.OOO  per  c.mm. ;  other  authors  aj)[)ear  to  have  arrived  at  similar 
lu. 

The  Lrtuocyiei. — Kotschetkoff  classified  the  leucocytosia  of  scarlet  fever 
three  group.'*: — {ft)  Mild  cases,  lU;iO,000  white  cells  per  c.mm. ;  (h) 
Moderately  severe  ca-ses,  20-30,000 ;  (f)  Very  severe  and  usually  fatal 
tO-JO.ttOO.  The  leucocytosia  is  said  to  arise  one  to  two  days 
«he  uppc;irancc  of  the  rash,  and  to  reach  its  height  with  the  full 
development  of  the  eruption.  The  polymorphonuclear  neutrophils  are 
•iao  eaid  to  l>o  incrcvaed  both  relatively  and  alwijlutely  in  all  cjises.  Dr. 
Itowie,  in  1902,  published  his  observations  on  the  blood  in  167  cases  of 
ftcarlct  fever.  He  considers  that  the  early  eosinophilia  which  he  has 
found  might  prove  "f  value  in  the  diugnoftis  of  the  disease  from  tonsilliti.s 
und  aoptie  conditions  generally.     He  also  states  that  if  the  number  of 
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eosinopbiU  be  normal  or  subnormal  af  tor  the  first  day  or  two  of  the  d» 
ease,  the  case  will  in  all  pro})al»iHty  be  a  severe  one. 

In  ronjunt'tion  with  Dr.  K.  C  Jeweabury,  I  recently  ectimated  tbr 
number  of  leucocytes  per  c.mm.  of  blood  in  51  cases  of  scarlet  fever.  \U 
also  made  a  differential  count  of  500  white  cella,  and  in  each  insuna 
examined  the  blood  for  the  glycogenic  reaction.  In  one  case  we  ^■ 
materl  the  coagulation- time  of  the  blood.  The  cases  were  all  aelecWii 
and  classified  from  a  clinical  point  of  view  by  Dr.  Caiger.  Of  ihwc  M 
c»3B8,  44  wore  simple,  6  wcitJ  scjitic,  and  1  was  toxic  in  choroctor.  d 
the  .simple  cases,  31  were  mild,  5  wore  mild  but  also  suffered  from  w 
inflammatory  complication,  4  were  fairly  sharps  aj^d  4  were  soraevtoi 
severe. 

One  of  the  moat  striking  features  of  the  blood  in  scarlet  fever  is  tie 
appearance  of  the  fresh  blood.  The  appearance  of  a  tUop  of  blood  rf 
once  iiulicates  the  nature  of  the  attack.  In  the  more  dovoro,  espeoiAU^ 
in  the  toxic  and  septic  forms  of  the  disease,  the  bloot)  flows  readily  froo 
the  puncture,  ami  ai)p«ir8  to  be  more  fluid  tlian  normal ;  it  spread 
on  a  cover-slip  with  extreme  rapidit}',  and  coagulates  very  dowlj 
The  more  severe  the  nature  of  the  illness,  the  more  marked  are  thai 
phcTioniena  likely  to  be.  Simitar  r<?8ults  are  obtained  in  ordinar 
severe  inflaramatoiy  affections,  bnt  they  ore  especially  striking  in  MMii 
fever. 

Taking  6000  per  c.mm.  as  the  normal  leucocyte  count,  a  XeiuMyfaM 
occurred  in  every  instance  but  one.  In  eleven  cases  the  total  exoeede 
20,000,  so  that  a  well-marked  Ieucocyti>5i8  was  found  in  just  over  on*^fift 
of  the  cases.  In  nine  of  the^te  examples  the  illnc&s  was  of  the  mild  lyp 
This  agrees  with  the  inde  that  the  leucocyte  coiuit  is  no  giiide  either  as  I 
the  nature  of  the  infection,  or  as  to  whether  the  lesion  is  inflatnniatory  < 
suppurjilive.  In  only  one  of  the  cases  with  a  count  of  over  20.(tOt)  wj 
the  attack  septic. 

The  PolymarphonwUar  Neuiraphih. — Taking  the  normal  relative  numbi 
of  these  cells  in  human  blood  as  65  per  cent,  there  was  a  relative  exee 
in  42  cases,  while  an  absolute  increase  was  constant  throughout  on 
serifts.  The  greatest  relative  gain  (ovei-  80  per  cent)  occurrKi  in  tliiitei 
instances.  Of  these  no  letus  than  eight  belonged  to  the  mild  variety  i 
scarlet  fever,  and  there  was  ordy  one  example  of  a  septic  case  with 
marked  polymorphonuclear  increase.  Whether  this  was  because  tl 
M^ptic  cases  were  treated  with  minimal  serums  we  arc  unable  to  stAte. 

Thf  PdtftnoqihonitfUar  E(L<inopJiih. — One  of  the  most  constant  phen 
mena  in  suppurative  and  inflammatory  infections  is  a  relative  diminutio 
and  in  some  instances  an  absence,  of  this  variety  of  leucocyte  from  the  poi 
pheral  btoo<l.  In  scarlet  fever,  however,  tht  count  of  these  cells  ia  U 
quently  considerably  increased  both  relatively  and  absolutely.  It  is  qui 
certain  that  we  cannot  obtain  any  absolutely  reliable  information  as  to  tl 
nature  of  the  attack  )>y  det4<rmining  the  niiml)cr  of  eosinophils  in  the  pel 
pheral  blood.  An  al^soliite  and  relative  (over  2  per  cent)  eosinophilia  w, 
found  in  the  majority  of  the  Gasei.     In  sixteen  instances  wo  obtained 


lektrre  increaue  of  over  4  per  cent,  and  in  two  coses  it.  amounted  to  ov^r 
lOliwceQL     In  sixteen  instances  the  relative  nmul>ei   fell  below  2  jior 

V  btit  in  some  of  these  examples  there  was  an  absohitti  excess.     In 

loxjc  cAse,  in  one  sc^^ere  case,  and  in  one  mild  attack  no  eosinophils 
lire  found  in  the  periphend  blood.  In  t%vo  of  the  septic  cases,  however, 
s  nuirked  increase,  both  relative  and  absolute,  was  present. 

Thf  Nntirophil  M^jeltM-yttn.  — In  all  specific  fevers  these  cells  may  be 
foiim!  in  the  lieripher.tl  blood;  in  sonic  itistanues  in  very  htrgo  numbers. 
The  variuty  of  neutrophil  myelocyte  is  practically  always  the  cell  named 
»i;^r  Ehrlich.  In  seventeen  of  our  cases  a  very  small  number  of  these 
cells  w%&  found  to  be  present ;  the  highest  count  only  amounted  to  2  per 
ceiit  The  presence  of  the  *'  myelocyte  "  was  of  no  assistance  in  helping 
tofurm  an  opinion  its  to  the  severity  of  the  illness. 

UUtod-VUxUhAs,- — An  increase  of  the  i)]ood- platelets  was  seen  in  nearly 
way  case,  sometimes  to  an  excessive  degiee. 

AbiKHinal  red  evils,  such  as  "ghosts,"  and  nucleated  red  cells  (normo- 
lil»t»l  were  rcconled  in  a  few  instances. 

Tu  summarise  our  results  with  the  ffhfc&^emc  rcadion  in  51  cases 
of  vcarlet  fever,  the  best  reaction  usually  occurs  in  the  early  cases, 
•tclher  simple  or  otherwise  ;  the  septic  cuacs  may,  or  may  not,  shew  a 
^  rcjiction  ;  some  of  the  severe  cases  certainly  do  give  an  excoUent 
remtioii,  but  the  reaction  is  not  constant,  and  conserpicntly  this  methiMl 
d'jes  not  afrord  reliable  information  as  to  the  ty|>e  of  the  attack.  In 
cliiiicaJ  medicine  it  is  of  little  value,  but  from  a  scicutilic  aspect  it  is  of 
anHoubted  interest.  In  scarlet  fever,  as  in  all  otlier  acute  or  cbmnic 
infKtions,  the  glycogenic  reaction  is  valueless  as  a  means  of  diagnosing 

ijmnition. 

In  conclusion,  an  examination  of  the  blood  in  scai'let  fever  is  of 
itilehelp  in  forming  an  opinion  either  as  to  the  nature  of  the  attnck  or 
^^  tie  ultimate  fate  of  the  case,  with  one  possible  exception,  viz.  the 
(<"^iiI&tion-time  of  the  blood.  Even  this  observar-ion  wtnild  l>e  of  little 
vldioonal  help  to  a  physician  with  a  wide  clinical  exiieriencc  of  scjirlet 
fever. 

h.  S.  I>. 


Aberrant  Cases. — There  is  conRidera>)Ie  difficulty  in  the  diagnosis 
"^  nuny  caAes  of  suorlet  fever  by  reason  of  an  unusual  mildite&.'i  of  the 

ck.      The  symptoms  may  be  there,  but  yet  are  so  ill-defined  and 

dent  as  readily  to  escape  observation.  For  their  recognition  an 
ite  aequalntanec  with  the  phenomena  of   the  disease  is  essential, 

also  the  opportunity  of  observing  them  at  the  right  moment. 
Such  atliicks  are  most  common  in  infants,  and  in  adults  who  at  some 
lime  prcvinusly  have  suffered  from  scarlet  fever.  Family  idiosyncrasy, 
loo,  in  respect  to  mildness  of  attack,  is  as  well  i'suiblished  as  it  is  in  the 
direction  of  Keverity.  In  some  undoubted  attacks  the  whole  duration 
of  the  febrile  stage  may  not  hist  more  than  three  days  ;  occnsionally  it  is 
even  IcAs.     Though  capjible  of  iniixirting  the  tontivgion,   the  patient  is 


446 


SYSr£Af  Of  laEDlCiNE 


ji 


probably  infoetious  to  a  much  less  extent  thtiti  if  ihe  subject 
<leveli>|M;fl  aittck. 

Excessive  mildness  is  ctiaracteristic  of  lliuse  cases  known 
Scarlet  Fever,"  which  so  often  arise  in  the  wards  of  a  huapitaJ 
the  type  of  attack  should  be  :»o  uniformly  mild,  is  veiy  poosibb 
the  fact  that  the  patient,  in  virtue  of  a  jnevious  openitiou,  wouu 
or  other  breiich  of  8Urf;^c«,  or  even  that  indefinite  conjunction 
inHuonces  known  as  "  Ihispitalism/*  is  thereby  rendered  so  soi 
tluit  he  reacts  to  a  minimtuu  dose  of  the  contagion — a  do« 
either  by  reason  of  its  excessive  sroallness  or  its  feeble  vinilenc 
be  quite  inoperative  in  normid  health.  The  term  "Surgical 
Fever"  is  somewhut  misleading:  the  same  mildness  is  fre<|Uttnt 
to  characterise  the  disease  when  it  arises  in  the  subjects  of 
mcilicol  ailments. 

jV^ain,  certain  cases  of  scarlet  fever  are  aberrant  by  reasoi 
more  or  less  complete  ab.'icnce  of  one  or  oOkct  of  the  xymphnns  of  ^ 
Thus  the  form  of  attack  which  sometimes  aflcct«  nurscc  am 
in  frequent  contact  with  the  disejvsc  may  be  cited  in  point  Sucl 
arc  known  by  the  name  of  "  Aliortive  Sciirlet  Fever/'  or 
tiriH  sine  eruptionc."  As  their  name  implies,  they  are  markoi 
absonc'L'  of  any  eruption — sore  throat,  attended  with  fever  of  sb 
tion  and  slight  degree,  being  the  only  obvious  symptoms.  In  otl 
the  eruption  may  be  visible,  but  the  faucial  affection  practicalb 
and  the  tongue  shew  no  sign  of  peeling  whatever.  This  forng 
is  most  common  in  julnlu,  in  wlumi,  too,  the  early  rapidi^^ 
is  frequently  wanting.  In  cases  of  the  foregoing  kind  the  latei 
ance  of  one  of  the  recognised  complications,  esfiecially  mi] 
rheumatism  towards  tlie  end  of  the  week  (see  p.  455). 
conlirniiug  a  diagnosis  otherwise  doubtful. 

An  att'ick  of  scarlet  fever  may  be  aberrant  by  reason  of 
charactera  Aaw/  imn^ed  htj  tiw  prfnewe  of  another  rjtniih^m  (fi 
Thus,  the  eniption  of  scarlet  fever  may  be  blended  with  that  of 
pox  or  measles,  and  in  several  instances  I  have  seen  the  ntsh' 
three  mingled  in  the  same  individtml.  Althougli  the  large  nui 
faucial  exudations  met  with  during  the  acute  stage  of  acart«l  i 
not  diphtheritic,  it  is  well  to  remember  that  the  two  dtao 
occasionally  co-existent;  in  such  a  wise  the  special  features  of  di 
are  su|)enulded  to  those  of  scai'let  fever,  and  the  corabinatJo^M 
very  cbingerous.  9 

When  scarlet  fever  arises  in  a  person  who  is  at  the  time 
imni  eczema  or  psoriasis,  the  appearance  of  the  eruption  may 
misleading.  Irregular  red  patches  of  inflamed  skin  are  pres« 
various  parts  of  the  body,  which  occasiouslly  iKvir  some  rescmt 
the  rash  of  measles ;  but  the  raised  i>atches  are  usually  barsh  aj 
instead  of  yielditig  the  soft  velvety  feel  so  chiiractenstic  of  that 
The  subsequent  peeling  is  excessive,  and  appears  very  early  iu 
Scarlet  fever,  arising  in  a  strumous  child  who  ia  sutferini 
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liWtu,  niay,  at  an  early  stage,  be  very  suggestive  of  the  onset  of 
especially  if  the  iush  present  the  Tnorhillifonn  conformation  seen 
mtoin  cjisefl  whioli  are  oliaraderlHtio  in  other  respects. 

NtrjicrtU  sairict  fever^  that  is  scarlet  fever  rinsing  immediately  before 
or  ftfter  confinement,  is  a  conjunction  wbiclt  my  experience  lea<ls  me  U\ 
tiew  with  the  greatest  anxiety,  although  I  have  noted  wth  surprise  that 
uHso  physicians  of  experience  regard  it  without  much  ajiprehension.  It 
wooW  seem  that  the  danger  txi  life  enormously  inereaseu  with  the  prox- 
imiiy  to  the  time  of  delivery  at  which  tlie  syniptf^ms  of  the  disease 
t}t(Knr.  In  my  oM'n  expeiienco  of  ca-ses  in  which  the  rash  appeiued 
itilhin  four  days  of  iMirtiiritioii  the  mortality  has  l>een  over  70  per  cent ; 
i&d  it  should  be  remembered  that  the  onset  of  labour  jni\,y  be  one  of  the 
ravuion-«ymptoms  of  the  disease  itself.  This,  however,  but  mrely  occurs 
imlw  the  nom:in  bis  almost  complet€<l  her  full  term.  In  puerperal 
lafflatina  it  is  not  that  the  strictly  scarlatinal  symptoms  shew  an  undue 
r.  but  during  the  few  days  following  delivery,  in  spit*  of  the  most 
intiseptic  precautions,  there  is  a  great  tendency  to  the  gradual 
fifvclopment  of  puerperal  septicaemia.  The  rash  in  such  cases  is  usually 
vn*  intense,  and  the  temperature  remains  persistently  high.  The 
»i()W(Dic  condition  may  le<'id  to  tiie  development  of  coma,  and  the 
^<lnul  failure  of  the  heart's  action  without  the  intervention  of  peritonitis 
fir  oilier  localised  inflammation  of  a  septic  character.  Such,  at  any  rate, 
liwbfeii  my  exj>enerice  in  cases  of  unrluiibtetl  sotrlet  fever  occurring  in 
anijiiiiclion  with  ihc  early  puerpend  state. 

Difrerential  Diagrnosis.  -  -  If  attention  be  paid  to  the  symptoms 
aliiail)  described,  a  weIl-<leveloped  cjise  of  scarlet  fever  can  hardly  Iw 
miiuken  for  any  other  iliiiease.  In  mild  and  ilhdeHned  atu-icks,  how- 
•■I'er.  considerable  difficulty  may  be  presented  by  reason  of  their  negative 
«i»tt:L  The  diseases  with  which  swulet  fever  may  most  readily  be 
nmfoimded  are  tonnillitis,  dij)htheria,  measles,  (lerman  nteaHles,  and 
wly  smallpox  ;  besities  VJU'ious  other  affections  which  may  give  rise  to 
'lifiuiliy  in  exceptional  instiinees.  InHuenKa,  simple  febrile  caUirrli, 
crj"aij)ela&,  the  diffuse  erythema  which  is  apt  to  follow  the  injection 
"f  a  cimitive  scrum  or  an  enema  of  soap  juid  water,  especially  if 
tht!  trythcma  shew  any  trace  of  punctation,  and  even  the  nishes  of 
'*ll«(ionna  and  (X)paiba,  have  all  of  them  been  mistaken  for  scjirlet 
icver. 

From  UmsiUUiji  the  diJ^jnosis  may  be  very  ilifHcult — in  some  instances 
l^uttr  impossible.     It  should  be  remembered  that  iii  touHillitis  there  is 

ly  an  absence  of  vomiting,  the  akin  uppe:irance,  if  presunt,  is  repre- 
l*d  by  a  smiple  erythema,  limited  usuiilly  to  the  chest  and  neck,  :uid 
^nere  is  no  pujjulatiun  or  even  punctation.  The  swelling  of  the  l<msils  is 
I'^ii,  fur  a  time  at  leiist,  more  ohviuus  on  one  side  than  the  other ;  and, 
W  utbor  distinctive  signs  of  scarlet  fever  be  wanting,  a  high  tem])erature 
fwy  lie  taken  as  evidence  in  favour  of  simple  ton-sillitis.  Tlie  tongue 
•"^laiijiiH  coated  throughout,  having  a  piisty  jip[>eanmce ;  and  it  shews  no 
'*S^  of  peeling  even  at  the  tip  and  edges.     The  attack,  moreover,  is 
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rarely  atlemlevl  with  rllcuinnHsin  of  the  sniallur  juinU,  nor  is  it  fulloTo; 
by  dostjiiamjitioii. 

Scarlet  fover  attended  with  faucial  exudation  may  be  mistidceti 
inie  ilijiliilu'i'uit  especially  as  a  rtsdriess  of   the  skin  is  occasioiuilly 
m  the  latter  disease.     Here,  however,  &b  in  tonsillitis,  it  is  simply  ■ 
devoid  of  any  jjuitctation.      It  is  usually  limited  to  the  chest.,  twck,  wl 
arms,  and  is  very  tranaionl.     (For  uther  points  of  dlBtinctluii,  see  p.  815.1 

From  Germau  nit^tAks  the  diagnosis  may  bo  by  no  moans  easy.  In 
this  disease  reliance  shotUd  l>e  placed  iij>ou  the  sli^blness  of  the  pyrcui 
and  the  absence  of  vomiting,  headache,  or  any  peeling  of  the  tongue.  TW 
faucial  affection  is  very  slight,  mild  catarrh  is  frequently  present,  and  alf» 
H  tenderness,  often  complaine*!  of  by  the  jmtient  himself,  of  the  iKisicnor 
cervical  glands,  especinliy  those  l3ing  over  the  mastoid  and  occipitiJ 
bones.  Some  enlargement  of  these  glands  is  common  in  scarlet  fever, 
but  usually  to  a  teas  extent.  In  its  earl}'  stage  the  rash  of  Germu 
measles  usually  conforms  more  to  the  measles  type,  though  the  spotfitfc 
commonly  smaller,  more  discrete,  and  pinker.  In  a  few  hours,  howe«r, 
it  tends  to  become  more  difi'nse,  and  may  then  entirely  lose  its  morbilli 
form  characters.  The  spots,  moreover,  are  fretiuently  seen  upon  iht*  I*"' 
and  foruhead,  and  even  the  circuraoral  region  may  be  invoiled.  Sligbi 
des(|Uamatioii  of  the  trunk  and  lii»l>s  may  follow,  but  the  peeling  Donr 
shows  tho  pinhole  conformation. 

It  has  long  been  recognised  by  those  who  have  devoted  attention  u> 
the  study  of  the  exanthematji  that  many  cases  of  what  is  guuei^h 
regarded  as  German  measles  bear  a  close  clinical  resemblance  lo  mitil 
scarlet  fever,  so  much  so,  that  it  is  customary  to  recognise  the  eadsKiirt 
of  a  "  licartatinal  variety  "'  of  that  disease.  It  is  contended  b}'  I>r.  Clonicat 
T)ukes  that  the  usually  jiccepied  opinion  as  to  tho  nature  of  these  attack) 
is  erroneous,  and  that  they  arc  instances  of  a  disease  speciticaiiy  am 
etiologically  distinct  lx>th  from  German  measles,  with  which  it  is  W 
infre^|uently  |irevaleni,  and  from  scarlet  fever,  which  it  even  mor 
closely  resembles.  Dr.  Dukes  is  of  opinion  that  outbreaks  of  what  b 
hits  provision;illy  ternied  "  (lie  fourth  (/wc/i^c  "  ai*e  bj'  no  means  uncomrooi 
and  that  the  reason  why  the  ufl'ection  is  not  more  gonemlly  recognised 
that  it  is  usually  mistaken  for  scarlet  fever.  Ho  admits  that  it 
frequently  (|uite  impnicticable  to  itientify  the  disease  in  isolate<l  ctat 
but  holds  that  in  a  series  of  attacks  the  diagnosis  should  be  coticlnsive. 

The  chief  clinical  distinctions  on  M'hich  Dr.  Dukea  lays  stre^i  in  tJ 
difforenliution  of  "  fourth  disease  "  from  scailet  fever  would  api>ear  to  1 
the  following :  Tho  length  of  incubation,  which  h.is  a  proljjiltlo  muge 
from  nine  to  twenty  one  days.  Tho  relative,  or  even  comiil^^te,  .ilrsen 
of  premonitory  symptoms,  the  rash  being  often  the  fii*st  sign  of  illnet 
The  slight  degree  of  faucial  itiHammation  and  di-icomfurt,  inspectii 
revealing  little  more  th:iii  redness,  with  slight  swelling,  and  &  velve 
ftlijwaraneu  of  the  surface.  The  more  iiipid  development  of  the  nu 
which,  though  closely  simidating  that  of  scailet  fever,  is  said  to  yit 
very  much  lees  sensation  of  heat  to  the  touch.     The  amount  of  desquan^ 


t.  Uifitmh  liable  to  be  hs  cotuiiietu  and  copious  as  in  any  cilso  of 
•.  bears  no  relation  to  the  intensity  of  the  msb,  antl  the 
-  w>  separate  in  small  sMialcs,  rather  thnn  in  Hakes  or  fthcL'ta. 
tongue  fh»e.s  not  become  coitteil  witii  ji  tliiJlc  while  t'nr,  ant)  never 
iiime*  ihu  typiail  slnvwl>errv  cluanicter.  There  is  not  any  &|>ecial 
)b-etnent  of  the  lymphatic  glunda  of  the  throat  and  neck  as  the  result 
fxnciaj  inflammation  i  the  lymphatic  glands  universally  are  sotiicv^lifit 
lUrged.  hard,  and  tender,  those  in  the  postenor  cervical,  nxillaiy,  and 
region?  being  mainly  afl'ecteH.  The  pulse  ia  not  unduly  accelerated 
irtioii  Vo  the  tleyree  of  jnrexia,  and  the  temperuiure  tends  to  run 
;»Wcr  level,  and  raoiv  speedily  reach  the  nonnal.  The  sensation  of 
if  apparent  at  all,  is  usually  very  slight ;  the  symptoms,  even  in 
more  severe  attacks,  pass  off  in  a  few  days,  leaving  comiMirfttivoly 
'  ■  .'  behind.  There  is  no  liability  to  nephritis  or  other  coraplica- 
,  a  recoynised  aa-sociation  with  warlet.  fever.  Further,  it  is 
itti  iiy  Ui.  P'lkr-  that,  in  the  casrs  he  desoiibes  as  the  "fourth  disease," 
]ntient  cci-l-^  to  lie  infectious  at  the  end  of  fourteen  to  twenty-one 
fi  when  dininfection  has  lif^en  carried  out  thoroughly,  and  that  the 
)k  confers  no  protection  against  scarlet  fever. 

Whether,  on  the  cxidencc  he  has  adduced^  we  are  justified  in  accept- 
Dv    huke.s'   contention   that  there  exists  a   fourth  disease,   distinct 
le  from  Gennan  measles  and  from  scurlet  fever,  is,  however,  a  fjueation 
*»  tliich  medical  opinion  is  at  pre*ent  inidecided. 

At  un  earl)'  stage  scarlet  fever  may  be  eonfonnded  with  mrttitla.% 
ai|>ecully  if  there  be  much  conjunelival  injection,  and  the  msh  be  nC  all 
ly,  or  shew  a  tendency  to  aggregation  of  its  papular  constituents, 
this  case  irregular  tracts  of  rni>fe<I  and  injected  skin  may  la^  [>resentcd. 
measles  a  definite  hist<^ry  of  two  or  three  days'  previous  illness,  with 
*h,  sneezing,  and  lacrimation,  can  usually  be  obtained,  but  vomiting 
»•  TiBully  absent  The  wjurse  of  the  temiwmttire  varices  in  the  two 
diewwes :  that  of  measles  nsiuilly  falls  suddenly  within  forty-eight  hours  of 
iIifcA]»peju-auce  of  the  eruption,  instead  of  decliiung  gntdually  with  it.  The 
rhal  symptoms  are  a  prominent  feature  throughout  the  attack  of 
!le«.  whereas  the  throiit  afleciion  is  limited  to  an  inflammatory  red 
oi  the  faucial  mucous  membrane.  A  careftil  inspection  of  the  buccal 
focL'  in  a  good  light  w  ill  usually  reveal  the  presence  of  Koi)Iik's  s[>ots, 
ign  which  is  of  the  greatest  value  in  the  early  recognition  of  measles, 
hhough.lhe  tongue  often  cleans  raj)idly,  its  peeling  is  rarely  so  com 
pltt*  tts  to  give  it  a  stniwberry  appearance ;  moreover,  the  rash  usually 
wts  the  fat^e,  and  b:is  a  marked  tendency  to  invade  the  forehead  and 
tuuiural  repion  ;  meu.^lej:  r|Kits,  too,  are  commonly  seen  at  an  early 
»•  ht'hind  the  cars,  and  at  the  mai-gin  of  the  hairy  scalp.  Durifig  the 
rte  f'f  ihc  second  week  of  a  septic  attack  of  suirlet  fever  an  eruption 
tnised  s]m16  or  somewhat  larger  blotches  may  api>ear,  and  give  rise 
thf  suspicion  nf  an  intercurrent  atUvck  of  measles.  They  arc  often 
ifitjed  to  the  cheeks,  buttocks,  extensor  surface  of  the  larger  joints, 
parts  which  are  subject^il  to  prcs8ui*e.  The  pointe  which  help  to 
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distinguish  a  septic  rash  from  that  of  moasles  ore  tho  following  :  The  »pxi 
are  commonly  more  raised  ;  they  are  apt  to  be  of  a  somewhac  rsiilfi 
tint ;  uiid  they  are  usually  le^s  persistent  thuu  is  tlie  rule  in  thul  'h-«i^. 
They  frequently  t'udc  only  to  reappear  in  the  course  of  a  few  houn,  m\ 
can  always  he  made  to  distipp&ir  on  pressure. 

The  initial  erythenm  aeen  in  certain  cases  of  uniaU-jMUt  is  liable 
mistaken  for  scarlet  fever,  espeeiall}'  if  generally  diffused  over  the 
a.s  it  often  is  in  cjtses  which  sut>5c<|ucntly  become  ha^moiThogic 
most  insUvnces,  however,  the  efflorescence  is  confined  u>  the  lower 
the  abdomen,  groins,  and  axillie.  Vomiting  is  a  common  initial  symjitca* 
in  both  diseases,  but  a  detiuite  rigor,  though  frequent  in  small-|)ox, » 
rarely  scon  in  scarlet  fever.  Severe  jmin  in  the  liack,  too,  is  vtry 
au^ostive  of  the  former  disease,  but  the  appeamnce  of  the  tnio  snull 
[>ox  eruption  on  the  thinl  day,  and  tho  absence  of  pooling  of  the  toii 
will  settle  any  previous  doubt. 

Tho  diagnosis  of  scarlet  fever  in  tho  postfebrile  stage  will  mainly 
depend  upon  the  presence  of  characteristic  desquamation,  and  the  udwot. 
of  some  one  or  more  of  tho  recognised  complications  of  the  diseai^t^  {^ntc  \i 
451).  It  should  be  remembered  that  the  tongue  may  retAin  more  or  I«« 
of  the  etrawlwrry  character  for  about  a  week  after  it  has  fully  i)«ltid; 
although  it  usually  regains  itd  normal  appearance  towards  the  end  of  thi^ 
period.  The  coarse  jjjipulation  on  tho  outer  side  of  the  legs  may  remain 
visible  for  several  days  after  all  other  signs  of  the  enijitioii  havt?  dis- 
appeared, and  slight  staining  may  be  observed  on  tho  trunk  for  a  lik« 
period  after  a  well-developed  eruption  has  faded.  A  fulness  or  palpabli: 
enlargement  of  the  glands  Iieneath  the  jaw  may  remain  for  sevend  di>» 
us  evidence  of  a  previous  faiicial  inrtammation.  The  diagnusis  may  1* 
Btrengtliened  by  ascertaining  the  mode  of  invasion,  and  whether  the 
patient  has  or  has  not  Iwen  recently  exposed  to  the  infection  of 
fever.  Inquiry  also  should  be  made  as  to  the  nature  of  any  out 
which  may  have  been  prevalent  in  the  locality. 

Prognosis. — In  addition  to  any  general  consideration,  such  I 
stance  iis  the  epidemic  ty[ic,  or  the  slight  possible  influence  whic 
rightly  or  wrongly  been  ascribed  to  season,  the  case-mortidity  is  to  » 
large  extent  dependent  upon  certain  personal  factors,  of  whicli  the  following 
ftTO  perhai>3  the  most  import-int : — 

Age. — The  fatality  of  scarlet  fever  is  greatest  in  early  childhood;  it 
shows  a  progressive  diminution  from  tho  first  year  of  life  until  about  tbe 
age  of  puberty.  After  this  age  the  death-rate  shews  a  slight  and  some- 
what regular  increase  in  relation  to  (ulvancing  years.  By  refemng  to 
Table  III.  (vide  p.  429)  it  will  l>eseen  that  the  case-mortality  during  the  first 
quinquennium  is  four  times  as  high  as  in  the  second^  and  nearly  ton  timefl 
as  high  as  in  tho  third.  The  slight  rise  which  marks  the  fatality  of  scarlol 
fever  after  tho  fifteenth  year  appears  to  he  maintained  through  life, 
though  the  death-rate  does  not  again  approach  the  mean  nnCil  about  tbe 
liftieth  year. 

Six. — The  influence  of  sex  is  not  very  great     The  combined  mortality 
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m  mjiles  nt  all  ages  iis  greater  tbaii  it  U  in  females  by  '5  per  cent — the 
dflRtb-nite  of  the  inu  ^%va  Hmongst  the  cases  enumerated  in  Tabic  111. 
Wui^  4*5  and  4  lespcctivoly. 

Sink  0/  HtaWi. — Tbi.*  unfavourable  influenceof  the  strumous  or  tuber- 
}Q8  diathesU  ia  seen  in  the  tumleticy  whioli  is  often  notici'd  in  rasea  of 
jmliDonary  phthisis  for  a  fatal  issue  to  be  hastened  by  an  attack  of  scarlet 
icver,  iilthough  the  disease  may  have  been  previously  latent,  or  at  most 
hive  been  pursuing  a  chronic  cour^o.  So,  too,  a  condition  of  had  nutrition, 
with  poverty  and  a  defcLtivo  hygiene,  undoubtedly  disposes  to 
attack.  This  is  shewn  by  tlio  greater  fatality  which  is  found  in 
loriet  fever  amongst  the  inhabitants  of  the  poorer  districts  of  London, 
«veo  though  removed  to  hospital  at  an  early  date. 

The  tendency  of  puerpend  women  to  fatal  septicemia  Jts  a  direct 
MiH(|uence  of  the  scarlatinnl  attack  has  been  already  referred  to  (see 
Ahrrint  Cases,  p.  445).  The  subjects  of  previous  renal  disease  are  almost 
touriably  affected  with  a  recrudescence  of  intlamraatory  changes  in  the 
kJiUeys,  which  may  lead  to  iinemia  and  a  fatal  termination. 

Although  the  atUick  of  so-uiUed  '*S\irgical  Scjirlet  Fever"  are  usually 
dmcierised  by  excessive  mildness,  nevertheless  it  is  not  uiR-onmion  for 
Uiote  who  are  actually  su  Bering  at  the  time  from  some  other  infectious 
divrder  to  have  the  disease  in  a  severe  form.  If  the  atUick  supervene 
during  convalescence  it  is  frequently'  of  a  Iwnign  character,  luid  might 
'lawrxedly  be  ranked  amongst  the  soH'alled  "surgical  cases." 

In  addition  to  the  increase  of  the  gravity  of  a  case  of  scarlet  fever  by 

liie  vlvent  of  any   of  the   recognised   eomjilications,   there  arc   certain 

*TiD|)toms   of   the    primary   attack    which    are   of    unfavourable    omen. 

riffliration  of  the  fauces,  attended  with  glandular  infiltration,  rhinorrhn?a, 

^  tem{)eniture,  and  perha[>8  the  appearance  of  a  Inter  septic  eruption, 

vt  indications  of  the  septic  form  whicii  the  disease  is  assuming.     In  the 

■ae  way  hj'perpyrexiji,  extreme  restlessness,  and  a  vivid  nish,  accom- 

P«ied  by  cai-^Jiac  dilatation,  a  mpid,  feeble  pulse,  early  ol)scuration  of 

■und,  tremor,  and  persistent  vomiting,  arc  evidences  of  toxsmiii,  and  of 

^       ik-ni  danger  to  life.     Delirium  in  scarlet  fever  always  indicates  a 

ittack,  especially  when  it  occurs  in  adults,  and  is  usually  asROci- 

:!h  a  high  degree  of  pyrexia.     About  sO  per  cent  of  cases  shewing 

I   u.    eniption   are   fatal,  and  a   petechial   eniption,    with   cold   and 

OAifitic  extremities,  is  an  exceedingly  unfavounible  sign. 

Complications. — Although  most  of  the  deaths  attributable  to  scarlet 
'tt^i^r  are  due  nither  to  the  severity  of  the  attack  in  its  actite  stage  than 
"i  .iny  of  its  later  developments,  the  complications  of  the  (lisease  mii 
"'  rousiderable  importance  in  view  of  the  tendency  of  some  of  them  to 
'ttcocDc  cbroruc,  and,  if  neglected,  to  IcjuI  to  permanent  impairment  of 
licalih. 

It  is  admittedly  ditHcult  when  attempting  to  classify  the  various 
Qunifcstations  liable  to  arise  in  the  course  of  a  disciise  to  draw  any  hiirJ- 
ind  fa&t  lint-  Itetween  complicjitiotis  and  symptoms.  Take,  for  instance, 
^  common  development  such  as  rhiiioirhua.     From  one  point  of  view  it 
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if)  a  coiuptication,  in  thai  it  complicaiea  the  normal  course  < 
fever,  yet,  on  the  other  hand,  it  U  one  of  the  most  constant  am 
teriBtic  of  the  symptoms  of  a  septic  attach.  If  it  be  regarded  a 
plicatioTtj  rhinoirhtfa  demands  prominent  notice,  seeing  that  %  ' 
from  the  nose  occurs  more  often  than  any  other,  manifestation 
the  occurrence  is  the  e-Kception  rather  than  the  rule  in  an 
attAck.  When  the  rhinorrhreft  is  of  a  purely  mucous  chanw 
simply  the  expression  of  a  catarrhal  state  of  the  nasal  fosase,  a 
which  is  very  liable  to  arise  during  convalescence,  as  the  result, 
of  an  ordinary  cold.  But  when  the  dischar^T;  is  muco-puml 
es{>ecially,  if  thin  and  straw-coloured,  it  is  the  outcome  of  a  d* 
ukenilion  of  the  poeterior  niisal  mucous  mcmbr.me.  In  the  hi 
the  discharge  is  apt  to  be  serous  rather  than  mucous  ;  it  is  of  an 
septic  character,  and,  owing  to  its  iiritant  properties,  freqxien 
rise  to  redness  and  excoriation  of  the  external  narea.  The  rhin 
apt  to  liecomc  chronic,  and  often  proves  refractory  to  onlinnr} 
trejitnient.  In  most  of  such  cases  the  persistence  of  the  dischar 
to  adenoid  growths  in  tlic  nasopharynx.  The  im|K)rl;int  relali 
has  been  shown  to  exist  between  the  presence  uf  rhinorrhii^ 
tractcd  infectivity  in  the  propagation  of  scarlatinal  infection. 
already  referred  to.     (See  p.  419.) 

Of  the  recogm8C4l  complications  the  following  table  cnume 
most  important.     Those  occumng  in  less  ihiin   I   jjer  cent  of 
omitted  from  the  table,  but  will  be  referred  to  Uter.  ^M 


Table  IV. — .Shewing  percentage  incidence  of  Complications 
10,983  wfcsos  of  Scarlet  Fever  treated  at  the  South- WesM 
Hospital,  Stockwell,  during  the  yejws  1895  to  1904.  inclus 


OompUcnltou. 

Numbbr. 

PHMnto^  tnelMj 

Otitis 

1650 

1.1*Uuerceut            ^1 

A<l<!itilis  .... 

12:.S 

■ 

lUieuniatisni     .          .          , 

743 

■ 

Allniiiiiiiiiria 

878 

11  ;:   }"•»■ 

Nephnlia 

441 

Tuosillitis  (secoiuiarj') 

342 

■ 

UktTEtivc  Htomatitin 

189 

■ 

Bronohoiineumonio  . 

114 

1*0                 ^^ 

BeUpM    ... 

\)£b 

'■■  ■■  ^ 

OtUia  may  arise  at  any  stage  of  the  scarlatinal  attuck  after 
few  days.  Severe  cases  are  much  more  liable  to  the  complies 
mild  ones,  and  in  i^ueh  instances  it  usually  apjxvird  earlier  in  t 
nantcly,  alxiiU  the  end  of  the  first  week  of  illness.  It  is  an  «f 
early  chiIdhr>od,  the  liability  decreasing  with  e;ich  year  of  til 
twelve  to  fifteen  years  of  age  it  is  very  rare,  but  there  i«  a 
even  in  adults,  for  old  ear  mischief  to  be  lighted  up  by  the  t 
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Sex  u  without  any  influence  here.  This  otitis  may  o4:ctir  either 
orni  of  H  simple  inflamm.ition  of  the  exteniHl  audiU^ry  canal^  with 
more  or  less  implicutioii  of  the  roonihrana  tympuni,  in  which 
is  but  a  trivial  iiH'ection  of  short  dumtion  ;  or,  uh  is  fur  more 
1,  in  the  form  of  an  otitic  media,  followed  l>y  a  more  or  leas 
muco- purulent  discharge.  Th*?  collection  of  inflammutory  pro- 
etit  up  in  the  tymiMuiic  Civity,  if  not  let  out  by  imision,  will  soon 
itself  hy  nipture  of  the  merabnine.  That  this  aHVclion  is  usually 
kn  extension  of  the  naso-faucial  inHammation  along  the  Eustachian 
jth  swelling  of  the  mucous  membrane  and  eon8e(|uent  t)arrowing 
Uibre,  would  apj)ear  to  be  ttdorabl}''  certfiin — at  any  rate  when  it 
»rly  in  the  attJick  before  the  throat  inflammation  has  suicided. 
I  ilistinctive  sI^'uk  of  the  aflection  are  |»ain  in  the  ear,  tenderness 
»e  cartilaginous  portion  of  the  canal,  irritability  of  temper  with 
r  leas  fever,  followed  usually  after  one  to  three  days  by  rapid  loss 
pain,  tenderness,  and  fever  on  the  appearance  of  the  discharge. 
^ge  proportion  of  cases,  however,  there  i^  a  remarftable  absence  of 
be  appearance  of  a  discharge  l>eing  the  first  indication.  The 
immediately  Iwneath  the  ear  are  usually  somewhat  enlarged  and 
and  may  remain  .so  for  .several  da3'8.  They  occasionally  sup- 
The  discbarge  usually  ceases  after  fi*om  two  to  four  weol^s' 
mi,  and  the  perforation  rapidly  hetits ;  but  in  some  instjiiices  cure 
[A  be  eflecttfd  in  less  than  three  or  four  months.  Should  the 
ea  unfortunately  become  chronic,  the  disease  will  in  all  prol>abiIity 
td  to  have  involved  the  mastoid  antrum,  and  unless  an  operation 
ntuken  for  its  cui-e  the  condition  may  ultimately  result  in  serious 
inial  misohiuf  or  pyiemia. 

Khsionally,  within  a  few  weeks  after  the  appearance  of  an  otorrho-a 
nnmatory  swelling  appears  in  the  mastoid  region,  attended  with  a 
temperature  and  iicuic  lendernesa  over  the  apex  of  the  bone. 
elling  gives  rise  to  more  or  !e«8  pi-ojection  of  the  external  ear.  It 
pi  above  by  the  tenii>oral  ridge,  to  which  the  fascia  is  bound  down, 
tits  extension  forwards  leads  to  considerable  o?dema  of  the  eyelids 
teame  side.  The  swelling  is  sometimes  flepeudent  upon  su]i[tuni- 
lone  of  the  po«)terior  auricular  glan<lB,  in  which  cjise  the  abscess  is 
Hy  superficial ;  or,  more  couuoordy.  upon  the  formation  of  a  snb- 

Pl  al^ceas,  which  may  be  connected   with   cajious  bone  and   the 
of  pus  nithin  the  mastoid  cells.     In  those  cases  of  subperiosteal 
in  which  these  part«  are  sound,  it  is  possible  that  pus  may  liave 
ts  way  from  the  middle  ear  by  oHecting  a  passage  between   the 
and  the  bony  portion  of  the  aiulitory  canal.     The  Hrmncss  with 
e  thick  fascia  in  the  temjxjro-zygomatic  region  is  bound  down 
tually  ]>revent  the  appeanuicc  of  any  ordema  in  this  situittion  ; 
in  some  cases  hard  to  rejdise  that  the  source  of  what  appeal's  to 
depemleut  ivdema  uf  llie  eyelids  is  really  to  Iw  found,  either  in 
znmation  of  the  middle  ear,  or  of  the  mastoid  l>onc  on  the  s^tmu 
tVlien  suppuration  has  actually  occurred  in  the  swelling,  a  definite 
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ring  of  softening  can  be  ofton  detected  over  the  subjacent  bono  At  a 
iuiroedialelj  )>uhind  the  ext^riml  e;ir.  In  the  1650  cases  of  otitis  iqi 
tho  foregoing  table  (Hie  p.  452)  a  mastoid  absertts  occinred  in  '6  fwr 

In   those  somewhat  cxceptionftl  instances  of  otitis  media  iti 
acute  inflammation  of  the  mastoid  cells  occurs  during  convalescencv 
an  Attfick  of  scjiHct  fever,  tin-  Minptctiiis  are  tif  considerable  urpei 
the  tension  be  not  relieved  by  the  escHjK'  of  inflammatorj*  pnodiicia  in 
the  middle  ear  ur  at  the  surface  of  the  bone.     Minute  interstices  to 
osseous  tissue  of  tho  mastoid,  by  mciuis  of  which  a  communicution  1 
the  interior  and  the  svibporiostoal  surface  is  possible,  exist  in  all  subj 
but  their  pateucy  and  freedom  of  conimunieation  var3'  in  dijferent 
viduals,  as  does  also  the  depth  at  which  the  antrum  may  lie  froi 
stu'face. 

The  signs  of  acute  snpjmrtii'ton  vf  thf  rnaataid  tells — a  condition  whicli 
young  children  is  practically  the  same  as  empyema  of  the  mastoid  a 
— are  briefly  as  foUcvs  : — Pain,  and  more  or  less  tenderness,  the 
occjLsionally  intense,  are  cotujdaiiiisd  ftf  in  the  Ijone,  together  wiib 
cedema  and  usually  some  redness  of  the  skin.    The  discharge,  though 
conipleUjly  arrested,  is  often  diminished   in  quajitity.      The  t«mpcrata 
whioli  may  ns*?  to  105    F.  or  ninie,  shews  wide  fluctuations,  and  is  oft 
accompinied  by  an  occasional  rigor.     The  pulse  is  rapid  and  rxcilal 
and  in  some  cases  markci^lly  irregular.     Gtx^t  restlessness  ainl  irriuli 
are  present,  and  vomiting  is  common.     The  symptoms  may  i-apidlr 
and    the   discharge  become  freer,  but  they   usadly  soon   recur, 
begitming  with   a   rigor,  and,  unless  relieved  l»y  operation,  the  cj 
likely  to  end  fatally  by  meningitis,  oi*  by  j>yii*miji  after  a  more  proti 
and  irregular  course.     I  have  seen  one  citse  in  which   the  tempet 
reached  1 1 2"  F.  before  death,     llio  general  symjitoms  of  suppuration  i 
mastoid  cells  are  not  unlike  those  seen  at  an  early  stage  in  some  raj 
acute  nephritis,  occasionally  there  may  be  no  local  indications  wba 
pointing  to  attection  of  the  mast^)i(l. 

It  is  well  known  that  meningitis,  intracranial  aliscess,  both  su 
and  within  the  snbstance  of  the  temfK>ro-5phenoidal  Io)>e  or  cerebfl 
and  general  pya'mia,  are  all  liable  to  suj)ervene  in  cases  of  chronic  i 
car  disease.  These  conditions,  like  septic  thrombosis  of  the  hitenil 
are  events  too  remote  to  be  considered  here.  The  chance  of  their  ap 
ance  in  hospital-trea.ted  uisos  of  scarlet  fever  should  not  be  great ; 
are  more  prone  to  arise  in  putienta  wiio  have  passed  through  an  all* 
scarlet  fever  in  their  own  Ihphics,  and  in  whom  a  septic  condition  c 
middle  car  has  been  allowed  to  establish  itself. 

Although  I  have  oidy  met  ^vith  one  case  in  which  einus  thron 
was  definitely  known  to  have  suporveneil  within  n  few  months  fl 
ficarlatinol  attack,'  I  have  on  several  occasions  found  pus  in  the 


*  Dr.  A.  K.  (fordon  of  Manchester  lufomi*  me  thnt  Lt  lus  recently  im-(  wlUi 
ttancex  iii  ntiieli  tliU  cniuplk-atinti  oroNi*  rhiriag  the  acnte  stngc  of  a  MArlatiiiAl  ot 
Ligation  or  the  ititt^m&I  Ju^Iaf  vrln  in  the  iieck,  togvthi^r  with  the  ndicnl  msjtloh] 
in  tiych  cAHf  cffwttf"!  a  ciitp. 
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pwre  between  the  sinus  Ami  its  bon_v  wall,  the  pus  having  worked  its 
way  backwards  from  the  natrtim  which  was  full  of  it.  That  it  is  by  no 
DMDS  infref]uent  to  find  trne  pus  in  the  mastoid  antrum  after  death, 
ibniigh  its  presence  may  have  never  been  even  suspected  during  life, 
would  certainly  suggest  that  its  occuiTence  is  much  more  frequent  in 
ctited  of  the  septic  ty[>e  than  is  general!}'  Rup{>osed. 

Jiii^itifi  is  a  somewhat  mpid  swellinji;  of  one  or  more  of  the 
wrvicai  glands,  either  behind  the  jaw  or  placed  deeper  under  the  sterno- 
mutoid,  occurring  during  the  stage  of  convalescence,  the  tcmj>erature 
having  lieen  normal  perhaps  for  from  one  to  three  weeks.  It  is  attended 
with  a  fresh  rise  of  terai)erature,  which  hist«  for  a  longer  or  shorter 
period,  dependent  on  whether  the  gland  suppurates,  or,  as  more  frequently 
occun,  resolves.  In  the  latter  cage  the  temperature  usually  returns  to 
ijnmml  within  three  days.  Its  fall,  like  its  rise,  is  frequently  somewhat 
leii. 

It  is  distinct  from  the  glandular  swelling  occurring  early  in  the 

1  attack,  which  is  in  some  degree  common  to  all  cases  with  any 

ftfl'ection  worth  speaking  of,  and  may  vary  from  a  very  slight 

wlar  fulness  up  to  the  moat  severe  glandular  infiltration,  attended 

th  enormous  swelling  of  neck  and  a  profuse  mucfvpundent  rhinorrhtwa, 

aII  of  which  are  directly  dependent  upon  a  septic  ulceration  of  the  fauces 

Slid  tonsils.     This  condition  is  really  one  of  septic  adeno^^ellulitis.     It  is 

tint  ■  complication,  but  part  and  parcel  of  a  severe  attack  in  its  acute 

•tigc:  moreover,  it  is  due  to  an  obvious  primary  cause,  like  the  glandular 

swelling  directly  consequent  ujxjh  podieuli  or  eczema  capitis. 

I  refer  nither  to  a  primary  pyrexial  adenitis,  occurring  at  a  late  stage 

tlie  disease,  and  unconnected,  so  far  lus  can  be  seen,  \rith  any  local 

ling  catise.     In  itB  pathology  it  woidd  appear  to  be  more  directly 

to  those  cases  of  sudden  glandular  swelling  which  arise  as  a  result 

is  called,  for  want  of  a  better  name,  "  tjiking  a  chill,"  whatever 

really  may  be.     These  cases  of  adenitis  are  often  seen  to  arise  in 

grwips  about  the  same  time  in  patients  located  in  ditterent  parts  of  the 

"MpitaL     They  are  met  with  in  about  e(|ual  frequency  at  all  times  of 

y«ir,  and  shew  no  clear  connexion  with  either  cold,  damp,  diet,  or 

wts.     Their  occurrence  in  groujjs  appears  to  suggest  some  widoitpread 

'^Usativo  influenee,  such  as  some  varjnng  atmospheric  or  soil  condition. 

■'''(-•nitis  more  often  affects  patients  who  are  the  subject  of  albumimu-ia, 

^fH-vrially  thrise  with  distinct  nephritis.     The  complication  is  mrely  met 

*"h  after  the  fourth  week  of  illness ;  it  is  more  common  in  the  second 

'^n  the  third,  ami  in  the  thii-d  than  the  fourth.     It  is  far  more  common 

^^ore  the  age  of  puberty  than  afterwards,  and  is  jwrhaps  more  frequent 

i^r  severe  than  after  mikl  attacks.     It  bears  no  relation  to  sex.  and 

^^Ays  terminates  in  recovery.     About  one-thiid  of  the  ca-ses  sujipurate ; 

V^^^  it  is  always  wise,  in  opening  such  a  collection,  to  make  use  of  a 

'^Hinage  tube  in  view  of  the  tendency  to  residual  abscess. 

Arttcular  lOuiimatism  of  suflicienL  intensity  to  give  rise  to  elevation  of 
*^*tiperature,  pain,  tendeniess,  and  distinct  cfTusion  into  the  joints,  is  a 


common  complication.     lu  must  frequent  scaI  is  the  smaller  ruihui  i 
the  larirer  joints:  the  arms  suffer  more  frc^iieiitly  than  th-    '  _ 
hands  and  wrists,  than   iho  elbows  or  shuiiltlci-s ;  ami   the  ;i; 
the  kiteus  oi-  hips*.     Most  frociiiently  ui  all  it  appeal's  in  the  nioc^u^ 
phalang&al  joints,  the  fingors,   and  the   wrists,   but   evince*  a  1.1 
tendency  to  migrate.     There  are  good  reasons  why  it  should  he  rc^ 
as  imthologicuUy  akin  to  ordinary  acute  rhenmatism,  though  differrng 
certain  reRi>cct«.     It  is  very  prone   to  ariftc  in  per&on.-*  who  hnvn 
rtul)ject  to  Attacks  of  acute  rheumatism,  although  stich  suKjecU  are  ill 
minority.     It  shews,  though  in  a  U-ss  degree,  the  same  tendency  to 
from  joint  to  juint,  and  itia  readily  amenaljle  in  most  instances  ft  the  acti( 
of  salicin  and  the  salicylates.     On  the  other  hand,  it  is  leas  severe  til 
ordinary  acute  rheumatism,  its  natural  bent  being  more  towards  recov* 
it  is  unattended  with  the  acid  penspinitioiiB  and  the  creamy,  furred 
ao  characteristic  of  lltal  condition  ;    and   it  is  Icse    prone  to  atfeci 
tissues  of  the  heart  or  jjcriciirdiuin.     Moreover,  the  joints  arc  more 
to  take  on  a  suppumtive  iictiou.  leading  to  a  condition  of  py;emin,  tl 
in  the  ordinary  rheimiatic  process. 

Scarlatinal  rheumatism  is  fai*  more  common  in  adults  and  in 
cbildren  than  in  young  ones,  and  alfects  females  in  a  larger  pro| 
than  male*.     It  aiisea  i[ido]H)ndently  of  Heustm  or  t*nipemture,  l>eing 
comniun  in  the  summer  and  eaily  autumn  months  as  in  the  colder 
lu  time  of  onset  is  remarkably  constant,  viz.  the  fifth,  sixth,  or  ***vei 
day  of  illness,  at  the  time  when   the  iitsh  is  just  disappearing  aiHl 
terapeniture  falling  to  nornuil.      It  is  more  common  in  severe 
than  mild  ones — in  cases  eharacterisGd  by  an  intense  nish  and  oopic 
fieuling — and  it  is  in  coAes  ftueh  as  thest.',  especially  if  of  the  septic  ly 
with  ulcerated  fauces,  that  the  ji)int  afTection  has  a  temlericy  to 
the  suppurative  fomi.     The  prognosis  in  ordinary  cases  is  gi>od. 
cardiac  structures  are  rarely  involverl  at  the  time,  prol)ably  in  leas 
3  per  cent.     Indeed,  the  occurrence  of  either  endocarditis  or  pericK 
in   the  coiu^se  of  scarlet  fever  is  very  uncommon,  though  a  soft  syi 
bruit  may  not  infrequently  be  detected  at  the  a|>ex,  oven  in  mild  n( 
These  raurraurs  are  very  tmnsient ;  tliey  are  apjxirently  of  htemic  orij 
and  are  rarely  inflicative  of  valvular  lesion.     Definite  pericJAitlitis,  hc 
ever,   is   rtcc;isionidly   found   to  complicate   a  septic    attack.      In   tl 
exceptional  instances  in  which  the  joints  suppurate  ["Scarlatinal  Pyicmi*' 
the  cIIkjw,  ktii^c,  and  stermiHjljivieuhir  joints  seem  to  bo  c-irliest  and 
frequently  affected.     Eitrly  evacuation  of  the  joint,  with  antiseptic  irt 
tion.  is  often  followed  by  the  best  results. 

Alhuminurm, — I'nrler  this  hcjuliii^  in  the  foregoing  table  {vitU  p, 
cft&es  of  acute  nephritis  are  not  included,  nor  those  in  which  but  a  U 
and  transient  cloud  of  albumin  wa^  notexl  for  loss  than  thi-ee  ronetKOl 
days.     The  urines  during  nomial  convalescence,  unless  any  sfwcitd  im 
tion  existe«lf  vftre  for  the  most  part  testeii  three  times  a  week  ;  an 
infants  it  was  not  always  jKjssiblc  to  examine  the  urine  with  regidantj 

The  incidence  of  scarlatinal  albuminuria  in  patients  treate<l  in  hu^i 
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nrds  Vi  nut  so  ^;rcat  hb  is  iisually  sujipoaed.  It  miiat  be  rememhQretl, 
howfiTtfr,  thiit  the  inclusion  of  three  or  four  heaten-up  eggs  in  the  diet  of 
iujyjiill  wiU  produce  albiiminuriit  by  simple  diffusion.  In  thisBcries  the 
amm\i  t>i  cjifiily  diffusible  nlbumin  given  in  the  diet  wag  not  suHicient  to 
jrirld  signa  of  its  presence  in  the  urine,  so  that  inst^mtes  of  albuminuria 
due  tu  this  cause  were  not  to  be  expecte<I.  I  believe,  that  the  ulbuminuria 
in  rhicfa  :i  fuint  cloud  only  cniild  l>e  obtained  with  picric  acid  for  lees 
tbut  thrpc  cousecuiivo  days  nmy  bo  safely  iibBolvod  from  any  prognostic 
simificuncc :  ihey  <lo  not  shew  any  tendency  to  rocuirence,  nor  does 
the  urine  on  careful  microscopiuil  examination  yield  evidence  of  any 
iwhJ  |)roduct.  But  in  all)uminuria  of  greater  degree,  it  is  admitie<lly  a 
difficult  thing  to  draw  a  distinct  line  of  demarcation  between  that  which 
does  *tid  ihnt  which  does  not  indicate  acute  nephritis,  beeause  cases  of 
wiik'  nephritis  vary  so  widely  in  tlic  severity  and  consUmcy  of  their 
lymptyras.  Nor  mu«t  it  be  forgotten  that  certain  very  exceptional  cases 
ol  nephritis  are  met  with  iii  which  the  urine,  even  on  careful  daily 
tuimiriution,  has  shewn  no  sign  of  albumin,  though  the  clinical  signs  and 
fnn-mortem  apjHjaranctts  itre  chjiracteriatic  of  the  disease.  Scvoral  such 
itistances  have  occurretl  in  my  own  experience.  Pathologically,  the 
''ifficidly  of  sepftniting  the  two  states  is  still  gixvUer,  because  the 
c^'OiTancy  with  which  kidney  changes  are  present  in  cases  of  unrr>m- 
plicated  scarlet  fever  ia  a  matter  of  dispute;  and  the  opiK)rtunity  of 
Verifying  the  prei^once  of  substantive  disease  of  the  kidney  in  cases  *tf 
**«nple  aJbuminui'ia,  so  called,  is  of  voiy  rare  occurrence. 

I  bold  strongly  to  the  1)olicf  that,  although  changes  in  the  renal  tissue 

**«  by  no  means  necessarily  present  in  an  onlinary  attack  of  scArlatiiiai 

y^l  8im{)lc  albuminuria  of  any  degree  and  acute   nephritis,  when  they 

**ipenerie,   are   dtie    essentially   to   the   same   morbid   process,  varying 

*^nly  in  intensity,  or  in  the  vulnerability  of  the  kidney  in  the  particular' 

*MbjecL       The   assumption   that  a  simple  albuminuriH   and    a   definite 

**«phriti5  are  both  the  expression  of  the  same  morbitl   action,  varying 

**iainly  if  not  entirely  in  respect  of  degree,  is  8Uppr»ri-ed  by  certain  facts 

^<  rhi'ir  devidupment     Their  relative  prevalence  in  a  particular  outbreak 

*"*r  in  a  pjirticuliu-  ward  is  in  agreement ;  thoy  both  tend  to  arise  under 

tho  amie  conditions?  nf  environment;  deficient  ventilation,  ovcrcr*twiling 

^f  wards,  eapecijdiy  with  :iciite  cjisea,  climiilic  changes,  chietly  in  rcs|H;ct 

to  atmospheric  humidity,  all  have  an  apparent  influence  in  determining 

the  ai)pearanoe  of  both.      It  may  be  noticed  in  passing  that  cold  ;wr  ** 

seems  to  he  uithont  influence  j  but  cold  in  conjunction  with  damp  is  often 

followe*l  by  the  appearance  of  fresh  cjises.     Thoy  lx)th  shew  a  tendency 

to  develop  jit  the  same  stage  of  the  illness,  ■v\7..  during  the  latter  iwirt  of 

le  second,  third,  and  fourth  weeks  (most  frequently  the  sixteenth  to  the 

'twenty -third  day).     The  age  liability  also  is  in  agreement,  the  susceiJti- 

bihty  to  both  affections  being  fahly  constant  from  the  second  year  of  life 

to  the  fifteenth,  after  which  age  cases  of  simple  albuminuria  are  relatively 

mure  common   than   those  of  acute  nephritis.      That  there  is  as  greiit  a 

tendency  for  cases  of  simple  albuminuria  to  end   in  acute  nephritis  as 
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there  is  for  cases  of  aoutc  iici^hritis,  if  neglected,  to  relupsc,  is  addil 
eWdonce  in  the  same  flirection. 

That  kidney  disturlKiuce  is  less  frequuntly  niet  with  ii 
scarlet  fever  treated  in  hospital  than  in  those  treated  in  their  own  bonfi 
at  any  rate  amongst  the  poorer  classes,  is  very  proKihle ;  and  it  is  a^ 
possible  that  this  is.  in  part  because  during  their  illness  the  patientfl 
kept  under  more  favourable  atmosphenc  conditions  :  moreover,  lhen«i 
of  the  skin  is  encouraged  by  the  employment  of  frerjuent  anrl 
warm  Itatlis,  Iwgxm  directly  the  temperature  has  reat:h<Ml  the  m 
and  continued  during  the  stage  at  which  the  renal  susceptibility  is 
greatest. 

Cases  of  "  postural  "  or  "  cyclic  "  albiuninuria  are  occaaionaUy  met 
and  it  is  probable  that  their   pathology  is  of  a  more  complex  notv 
The   large  majority  of  (jatients  who  have  been  the  subjects  of  sim 
albuminuria  completely  lose  their  albumin  in  a  few  weeks.     I  cannoi4 
to  mind   an    instance   of  a   scarlatinal   patient   being   discharged 
albuminuria    tvho  laui  not   previously   had  a  definite   attack    uf 
nephritis. 

AcuU  Nephritis. — Although,  as  we  have  seen,  it  is  not  easy  to 
a  distinction  between  some  raiM  cases  of  nephritis  and  those  of  «ini 
albuminuiia,  yet  in  a  certain  number  the  symptoms  of  a  profound  infli 
matory  affection  of  the  kidney  arc  sutticiently  pronounced  to  warrant 
designation  "acute  nephritis."  They  are  not,  however,  so  numeroUl 
those  ftUIing  under  the  head  of  "  simple  idbuminiu'ia."  If  we  put  ihe  1 
classes  together  us  simply  an  expression  in  di^cront  degree  of  the  as 
diseased  action,  the  })eiTent^ige  of  cases  shewing  reiud  affection  itM 
series  of  I0,!I83  attacks  comes  out  at  1 1'9.  f 

The  symptoms  of  onset  in  the  majority  of  cases  are  sudden  and  ) 
noiuiccd,  comprising  headache,  vomiting,  sometimes  a  rigor,  ilrowsin 
audilcn  elevation  of  temperature  to  103''  or  1 04 '  F.,  the  appoai-atic«  of  bl 
and  albumin  in  the  urine,  and  a  greater  or  less  degree  of  supp 
The  period  of  su])pression  corresjiomls  usually  with  the  febrile  sla, 
is  seldom  at  its  height  until  the  third  or  fourth  day,  by  which  ti 
excretion  may  have  fallen  to  three  or  four  ounces,  oft«n  with  frequent 
to  pass  water.  The  skin  is  hoi  and  dry,  the  pulse  tense  and  excitjible, 
respiration  rapid,  the  tongue  dry,  and  by  this  time  there  is  usually  e%ide 
of  slight  anasai-ca,  best  seen  in  the  face,  loins,  hands,  and  foet.  1 
febrile  stage  usually  lasts  from  three  to  six  days,  and  the  tempemtnri 
very  variable,  often  flucimiting  between  97^  and  10*2"  or  104"  F.  sev( 
times  during  this  perio*!.  It  is  hanlly  ever  susUiincd  for  tweniy-f 
hours  at  a  stretch,  but  is  of  a  strikingly  "  spiked  "  character  when  cluul 
The  pidse,  which  has  lieen  variable  both  in  rhythm  and  strength,  not  fl 
quently  becomes  pretormituratly  slow  towards  the  end  uf  the  weeip 
which  time  the  urine  is  passed  in  greater  quantity.  In  a  consideni 
proportion  of  wises  the  onset  is  much  more  gradual ;  the  febrile  sigm 
pres(;nt  at  all,  being  preceded  by  the  appearance  and  gradual  iucreuaa 
albuminuria  for  several  days.     In  these  cases  the  condition  doee 


any  time  look  *o  alarming,  but  the  prognosia  is  le^  favourable,  and  when 
rrafferr  ensues,  it  is  usually  longer  deferre<l. 

Utenmtnria  in  some  degree  is  constant,  but  aiuiaarcii  to  tiny  extent  is 
rare.  Tlie  nepbritis  ia  often  associated  with  adenitis,  and  not  infretjuently 
irith  rheumatism,  which  usually  precwloK  it.  Acute  nephritis,  like  simple 
iiJI«iiDiiuuTa»  most  frequently  arises  during  the  course  of  the  thinl  week. 
Ill  Ji  fannll  number  of  ciwes  it  api)eai*s  as  late  as  the  fourth  week.  It  is 
most  frequent  in  cold,  damp,  ur  "  muj^y  "  weiither.  All  ages  are  liable 
Ui  it,  but  it  is  less  frequent  after  puberty.  Se.v  seems  to  l»e  without 
inflnence  up  to  liftecii  ywirs,  but  at  a  later  ajj[0  malee  arc  more  liable. 
Xephritis  is  as  common  after  mild  attjtcks  of  undoubted  scarlet  fever 
*»ih<;r  severe  ones. 

Recovery   in    the    large   pi*oportion   of   cases   is   complete,  and   the 
i^buminuria  disappears  in  a  few  weeks.     Occaaionally,  it  is  tnie,  a  slight 
flejSrot*  of  albinninnria  will  persist  aftvr  several  months'  t[e;itnient,  and  a 
f^'U-  of  iheso  |Kitients,  no  ch)ubt,  become  the  subjects  of  chronic  nejjhritis. 
ff«if  this,   I    am   sure,   is   vor_v   exceptional    in    cases   which   have    been 
pnoperly  treiU«d  from  the  outset.     There  is,  I  think,  an  undue  tendency 
f'U  the  pari  of  some  physicians  to  juicribo  the  origin  of  a  nephritis  de- 
veloping late  in  life  to  an  attack  of  scarlatina  mjiny  years  previously. 
Scirlatiniil   nephriti.s  is  but  rarely  directly  faUd,  but  when  it  is,  dt>ath  is 
sUmofit  invariably  due  to  the  iidvunt  of  one  of  the  three  following  con- 
'litions  : — ursemia,  suppurative  infltimnuitions,  or  acute  pulmonary  owiema. 
Of  these  the  hist  is  by  far  the  most  dangerous  t/)  life. 

Sromdary  TansUliivi. — This  occurs  much  more  oft«n  in  adults  and  in 
Older  children,  females  being  especially  liable,  A  predisposition,  more- 
er,  is  seen  in  connexion  with  the  rheumatic  diathesis,  and  in  persons 
o  are  normjdly  sultject  to  throat  affections.  Although  secondary 
^jnsillitis  in  adults  usually  proves  a  mild  disorder,  in  young  chiidn^n 
cionvalescence  is  liable  to  be  complicated  by  the  m*curronce  of  a  septic 
form  of  tonsillitis,  attendetl  with  idceration  and  muth  gland  swelling, 
"V^hich  may  be  very  severe  and  even  fatal.  Should  this  supervene  during 
tbc  pyrexial  stage  of  scarlet  fever  there  is  little  to  distinguish  the  con- 
dition from  an  onliuary  septic  attack. 

VlcertititK  SUnnntiti.^  varies  cnonnonsly  in  the  severity  of  its  mani- 
fe*lJitions.  It  most  frequent!}'  begins  as  a  simple  spongiueois  of  the  gum, 
niwn  in  connexion  with  a  carious  tooth.  T'lceration  then  apjwars  at  its 
free  border,  with  a  tendency  to  bleed  on  being  touched.  The  diseaseil 
action  next  tends  to  spread  laterally,  and  affecta  either  the  adjacent 
border  of  the  tongue  or  the  mucous  surface  of  the  cheek  or  Up,  The 
■lisease  may  stoj)  at  this  point,  and  remain  limited  to  the  apjiearance  of 
a  few  shallow  ulcers  with  an  angry-looking  margin  and  a  greyish  floor, 
in  conjunction  with  the  spong}*  ulcerated  condition  of  the  gum  l»efore 
referred  to.  Such  cases  are  invariably  attended  with  a  tnoist  and  some- 
what brownish  coating  to  the  tongue,  a  cei*tain  degree  of  wdivation  with 
enlargement  of  the  submaxillary  lynqjliatics,  and  a  distinctive  fetor  of  the 
breath.     They  do  not  usually  present  any  rise  of  temiwrature  or  serious 
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constitutional  disturbance.  In  other  casos,  however,  things  are 
(hfl'erenl.  The  tilcemtion  of  the  gums  rapidly  Bpreads  and  JusuiiMr 
titiL'i'Otic  form  ;  the  teeth  lieeomo  luone  or  fall  out :  tb(;  n\ctin  an  Um 
tongue,  lip,  and  clicok  take  on  a  fungating  chnnicter,  ur  actual  ^Iwi^ 
may  uppeur  in  the  latter  situution,  and  eventuuUy,  if  the  ca^c  he  It; 
4T^f,  involve  the  whole  thickness  of  the  cheek,  A  hlack  incnui 
forms  on  the  tooth,  and  the  tcmpemtuio  may  be  raised  several  dt 
with  tiigns  of  pi'ofoaitd  coustitutiotuil  depresiiiou.  C;ises  of  this  fle^ 
of  severity,  deserving  the  name  wimit  aru  of  rare  occurrence  novrada) 
in  London  at  any  raw:,  and  if  taken  early  ratty  be  cure^l  by  en*ji 
treatment. 

Ulcorativc  stomatitis  complicating  scju'Iet  fever  is  a  <li.^ease  of 
childien,  being  virtually  xinknown  after  the  age  of  puberty.  It  shel 
si»ecial  relation  to  either  iwx  or  season^,  but  is  most  common  iti  et 
subjects,  ami  in  those  who  are  suffering  from,  or  who  have  recenth*  hi 
measles.  There  is  a  distinct  i-Usposition  for  the  diseased  mucous  memltn 
to  become  infected  untb  dii>hthena ;  I  have  seen  this  complication  sup 
vene  in  three  cases  of  ulcerative  stomatitis  arising  in  the  ordinary  mnnri 
and  ultimately  prove  fcital  by  involvement  of  the  biryux.  This,  boi 
was  before  the  days  of  antitoxin.     The  afrectif>n  is  emineully  coni 

Jironchtipu^umonUi. — This  rarely  occurs  except  -w  a  late  devel< 
of  a  septic  attack.     In  «ome   instances  it  h  apparently  set  up 
passage  of   foofl  ami  offensive  secretions  into  the  bronchial  tulfca] 
normal   mechanism  concerned  in  guarding  the  laryngeal  orifice 
failed  as  the  result  of  ext-ension  of  the  swelling  and  destructive  ulc 
from  the  contiguous  faucial  structures.     In  c;iites  whei*e  the  nlceml 
not  isufficiently  e.Ktensive  to  interfere  seriously  with  the  mccluuiii 
deglutition,  the  bronchopneumonia  would  appear  to  Iw  but  an  additio 
manifest.-Ltion  of  a  gener:d  septic  infection.     The  suj>ei-vention  of  bhtnc 
]>iieumonia  exerts  a  very  prejudicial  effect  on  the  case.     Dyspm 
cyanosis  become  more  pronounced,  with  corresponding  depreasion 
pulse.     The  temperature  is  sustained,  and  the  attack  usually  soon 
fatal. 

Relapse. — A  true  relapse  not  infrequently  occurs  in  scarlet  U 
sUiU)  in  which  all  the  charucteriKtic  features  of  the  (Useaae  Are  WA\ 
repeated  in  a  person  who  ha*  recently  passed  thi'ough  one  attack.  A 
rule,  the  severity  of  the  relapse  is  in  inverse  ratio  to  that  of  the  piiim 
.tffoctioii.  Few  rela|ises  are  fatal,  though  they  are  occjisiotially 
The  relapse  may  occur  at  any  stage  of  the  ilisease  after  the  middle 
second  week.  Any  att«m|^t  to  di-aw  a  disliiiction  between  a  rela| 
a  second  attack  is  purely  arbitrary.  A  imc  relapse  would  impi] 
the  immunity  conferrc<l  by  the  original  attack  is  not  sufliciently  pro1oii| 
to  protect  a  person  from  re-infection  by  the  morbific  agent  which  is  s 
present  in  his  own  person.  HelajMcs  are  said  to  l>c  more  common  in  hosp; 
patients  than  in  those  treated  at  home,  and  as  the  infection  in  the 
a  fever  ward  i*  constantly  being  renewed  by  the  admission  of 
it  is  held  that  a  person  whoac  immunity  is  ahurt-lived  is, 
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more  likely  to  fall  11  victim  to  the  disease  again.  According  to  this 
[twit  llio  rcJapst!  tiliould  more  properly  be  called  a  "  second  atuick.*' 
lim»n|pl  10,983  faaes  of  acnrk't  f(;vcr  under  my  cnra  during  tJiu  years 
flfU5-iy04,  u  true  relajjse  or  seemid  atwck  "oocnrred  in  11  i>fr  cent.  In 
i![K  ULitauce  a  young  wonuin  had  three  tlefinite  atbiicki*  of  scarlet  fever 
Tjtbiti  a  peno<l  of  three  months;  in  the  laaL  of  these  t^ho  died.  If  a 
pentun  «Ui:cced  in  throwing  off  the  infection,  and  have  passed  out  of  his 
iitfw:l*K)  environment  safely,  he  very  rarely  Mb  a  victim  to  the  disease 
WAlti  irithtii  the  next  ten  or  fiftiHni  yearH,  but  a  eccond  attack  after  a 
loQj;  incen'ol  is  by  no  means  tuicommon. 

In  Jiddttion  to  the  more  common  affections  detailed  above,  convales- 
raife  from  scarlet  fever  is  liable  to  l>o  complicated  \\y  various  minor 
ailnii-ntfl.  which,  howevert  may  not  he  directly  ascrihable  to  the  action 
of  ihu  »iM;cific  |ioison.  Of  thest*,  eczema,  im|>etigo,  }<nq>ni'«,  boils,  und 
0|ii)thulmiH  ai'e,  perhaps,  the  mo»t  frequent.  It  should  also  be  renieui- 
Iwml  that  scarlet  fever  cfmvaleHcents  are  very  prone  to  conimct  any 
"JhiT  infective  Hi«eAse  to  which  they  may  Imj  exposed,  especially  diph- 
tiieria,  chicken-pfix.  ami  measles  (see  p.  845). 

Postscarlatinal  Diphtheria. — As  to  the  factors  concerned  in  tlie 
development  of  this,  which  in  prc-antitoxin  days  provttl  the  gi-avest  com- 
plicitioii  to  which  the  scarlet  fever  convalescent  was  liable,  considerable 
niicertjunty  prevails.  Thon;;h  any  sta^o  of  the  scarlatinal  attack  may  be 
iplic-atetl  by  the  appearance  of  diphtheria,  it  is  during  convalescence 
ki  the  Iftrge  majority  of  cases  arise.  It  ocriu*8  more  frequently  in 
t|iit4il'treitted  patienu^  than  in  those  who  remain  at  homo,  at  any  I'nte 
ong  the  better  classes.  This  suggests  that  its  incidence  is  dependent 
m  conditions  which  are  to  a  i;reat  extent  special  to  hospital  life. 
>w.  experience  shews  that  it.s  frequency  viirieia  in  different  hospitaU, 
III  ditferent  wards,  and  at  different  times  in  tlii'  SBrae  huspital.  .Many 
"iiggeittions  have  been  offered  to  explain  its  appearance. 

The  presence  in  a  sujirlet  fever  ward  of  a  previous  case  of  diphtheria 
vliich.  owing  to  its  extreme  mildness  may  hav«  entirely  cscap4:d  detection, 
nnwt  certainly  be  admitted  as  the  mo«t  likely  source  of  infection.  This 
i^  more  particularly  true  of  natud  diphtheria.  It  is  remarkable  that  n 
rocogniaod  case  of  faucial  or  larj'ngeal  diphtheria  seems  to  but  rarely 
give  rise  to  other  cases  in  a  well-ventilated  scarlnt  fever  wai-d,  provided 
there  i>»  no  oveirntwtling,  and  due  c-are  hf  taken  in  its  man/igement. 
The  [Missibility  of  the  diseaso  Iwing  derivetl  from  the  ruiree,  in  ton- 
MijQence  of  h*?r  harbouring  diphtheria  Iwicilli  in  her  own  throat,  or  of 
mediaio  infection  through  the  agency  of  linen,  books,  toys,  and  so  forth, 
ur  the  clothing  or  hands  of  an  attendant  whose  mucous  mendjranes  are 
ove  sutipi'ion,  must  never  I*  overlooked.  The  circumstances  connecl»'d 
ith  the  apjKMLTance  of  post-^earhitinal  diphtheria  in  certain  hospitals 
frefpiently  suggest  that  ;»  jiredisposition  is  engendered  by  the  opeiitiion 
a(»me  more  gener-al  and  widespread  influence,  such  as  jui  atmof»pheric 
Bi>il  condition.      Cases  of  posi-acarlatinal  diphtheria  arc  frequently 


obaerved  to  arise  in  gi-oups  of  two»  three,  or  more,  almost  sinmlui 
or  in  close  succession,  in  different  wards  of  a  large  hoBpiuU.  ward 
are  uot  only  widely  seiwirated.  but  which  miiy  have  no  aduiini 
factor  in  common,  with  the  exception  of  the  food-atipplieti  which 
clearly  absolved.  Such  outbreaks  have  not  infrequently  arisen  in 
charaoterised  by  a  high  degree  of  atmospheric  humidity,  depende 
previous  ndnfall  and  consequent  dampness  of  soil.  The  incideno 
disease  appears  to  be  greatest  in  wards  surrounded  with  grass  c 
vegetation  gi-owing  in  a  clay  soil ;  indeed^  the  moisture-retainiu}:  c 
of  tlie  actual  surface  would  seem  to  be  of  gi'eatur  itn]>ortance  t 
subsoil  drainage,  whether  natui*al  or  artificial,  though  it  must 
forgotten  that  in  certain  exceptional  instances  a  counexiou  h 
conclusively  eatjil)li8hed  Iietween  outbrcaka  of  diphtheria  and  d 
drainage.  I  have,  however,  come  across  cases  in  which  it  was 
to  eliminate  all  such  intluences,  in  so  far  as  they  lue  capiihtc  uf 
tion.  Statistics,  morooverf  go  to  prove  that  the  incidence  of  the  i 
bears  no  relation  to  the  proximity  of  a  diphtheria  Wiu*d.  At  one 
which  lias  enjoyed  a  com|>arative  immunity  from  post-scarlaiin 
theria,  its  incidence  has  been  more  than  twice  as  fi'cquent  in 
huts,  deficient  in  Hoor-space  per  bed,  than  in  brick-built  wards 
ample  provision  :  ntid  its  appe;irancu  has  been  strikingly  shewn  t 
in  the  wake  uf  even  tempomiy  overcrowding  of  wards  in  other 
satisfactory.  In  the  treatment  of  scarlet  fever  it  is  most  nocess 
the  boating  appliances  in  a  ward  shoidd  be  capable  of  maintair 
air  at  a  satisfactory  rlegrec  of  warmth  and  dryness,  and  at  the  sa 
permit  of  ample  direct  ventilation.  The  floorspjice  per  bed  sh 
no  account  be  reduced  below  144  square  feet,  and  the  airing-to 
rounding  the  war<l  should  have  a  gi-avel  sui-face,  or  bettor  still,  ■ 
be  laid  with  tai'-pa^ing.  Were  these  points  insisted  upon  in  I 
struction  of  all  fever  bospitJds,  there  is  little  doul>t  that  the  incii 
post-scarlatinal  diphtheria  would  be  cmtsiderably  roducefl.  asiti 
care  to  be  exercised  in  respect  to  their  administration. 

The  incidence  of  iwat-scarlatinal  diphtheria  amongst  36,2 
sciu'let  fever  admitted  into  certain  of  the  Asylums  Bodird  l]ospit;d: 
the  years  lS'JO-94  was  17  per  cent.  Of  these,  r)4'4  per  cent  we 
but  this  was  1>efore  antitoxin  was  available.  In  exceptional  < 
incidence  in  a  single  hospitid  has  risen  to  over  4  per  cent  of  the  luli 

There  is  nothing,  either  clinically  or  bactoriologically,  to  dig 
ooat-ftcarlatinal  diuhthcria  from  the  iadenendent  diaeascL  exceot in 
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Chart  7. 

Showmg   time  of    incidence    of 
P05T-5CARI.ATJHAL    DIPHTHERIA   « 
different  stages  of  conv^t/escence 
from    Scar/ei   Fever 
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^  con/ulejiily  stated    that   the  excessive  mortality  in    post-scarlatinal 

"'Mtheria  is  mainly  dne  to  a  sjiecial  tendency  of  the  diseJise  to  affect  the 

'B^nitory  passages.     The  results  following  trachiiotoni}',  again,  are  not 

*>£irotuablo  as  when  the  operation  is  performed  in  cases  of  independent 

The  Allowing  tiihlo  deals  with  the  time  of  incidence  of  the  diphtheiiiic 
ttittipbcattion  in  1503  caues  : — 


^ 


Table  V. — ^Tirae  of  Onset  in  1503  cases  of  Post-Scarlatinal 
Diphtheria. 
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The  variation  in  the  time  of  incidence  is  best  seen  if  the  al>uve  numbers 
*J*  &hewn  in  the  form  ".^f  a  chart  (No.  7),  and,  since  the  rise  and  full  of 
^®  Cnrve  is  both  regidar  and  progressive,  it  may  lie  fairly  taken  iis  an 
'*pt"e88ion  of  the  varying  susceptibility  t<j  the  disoixler  at  different 
Periods  of  the  scarlatinal  attack.     This  tends  lo  shew  in  the  moat  striking 

**"«wer  that  susceptibility  is  at  its  maximum  during  the  course  of  tho 

Wth  week. 

If  it  lie  jwrmisaible  to  argue  from  results  which  have  recently  been 

*tuine«l,  the  prospects  of  success  in  the  lield  of  serum  therapeutics  jire 

^rtainly  more  encouniging. 

Treaiment. — It  must  be  confessed  that  idl  attempts  to  control  the 

^une  of  scarlet  fever  by  means  of  drugs  have  hitherto  been  unsuccessftU. 

Many  and  various  have  been  the  drugs  for  which  an  abortive  action  has 

l>ecn  chiimed  ;  iiiually.  it  would  seem,  upon  the  strength  of  n  ffw  t^ases 
which  have  recovered  al't«r  their  administration.  These  drugs  have  Wen 
Diainlv  of  the  antiseptic  class,  and,  when  their  iLction  has  been  continuously 
tried  on  a  large  series  of  cases,  their  superiority  over  ordinary  methotls  of 
treatment  Inis  been  in  no  way  apiwrent^ 

1.  Strumiherapij. — Quite  apart  from  any  r|uo8tiou  as  to  their  specilicity, 
the  important  part  which  of  late  has  been  ascribed  to  streptococci   in 
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connexion  with  those  grave  developments  of  a  septic  DAtur 
nhan*ct«nae  the  tnajon'ty  of  severe  cases  of  scarlet  fever,  anc 
appear  to  be  mainly  responsible  for  the  gravity  of  the  patient's  « 
not  unriatnnilly  stimulated  the  hope  that  a  sernni  prepared  in 
micro-orgHnisnw  might  he  cjipable  of  exercif^ing  a  cunitive  infii 
the  course  of  the  disease.  Antistreptococcic  scnim,  therefore, 
originally  prepiired  by  Marmorek  for  the  treatment  of  er 
appeared  to  meet  the  want,  and  it  received  an  exteiisi%*e  trial  in  t 
form  of  scarlet  fever  in  ;ulditiou  to  other  varieties  of  streptoctfccic  i 
Thf  results,  hiiwever,  in  8o  far  as  scarlet  fever  was  concerned 
whully  di^ippointing,  though  Ba>^n&ki  funued  a  favourable  opini 
It  was  inged  by  Aronson  that  the  frequent  failure  of  antistro] 
•urn  might  l>e  explained  by  the  assumption  that  the  streptocc 
h  the  senim  had  boon  prepared  might  Itc  of  a  difTerent  str 
those  whose  operations  in  the  body  it  was  desired  to  coimt«r 
accordance  with  tiiiit  aKsuntption,  and  in  order  to  reduce,  as  fai'  as 
the  chances  of  faiiwe,  Aixjnson  prepared  a  serum  by  immuiuViog 
ith  a  mimbcr  of  different  strains  of  streptococci  derivod  from 
lurces.  The  same  principle  was  followotl  out  by  Tavd,  and  subsi 
by  many  others,  and  an  antistreptococcic  scrum  has  actuid 
produced  from  the  use  of  no  less  than  forty  different  strains  of  stre 
The  result*  oliiained  with  polyvaletit  serum  in  the  treatment  o 
fever,  chough  falling  short  of  expectations,  have  on  the  whole 
somewhat  more  successful. 

A  depfirtnre  in  tlie  right  direction  was  made  by  ]\Toacr  of 
who,  in  the  year  lUOO,  prt-pjircd  a  scrum  from  streptococci  eX' 
dertvc<l  from  the  blood  of  fatal  cases  of  scarlet  fever,  and 
extremely  good  results  ■  the  success  of  this  senim  wjis  also  alt 
Eschcrich.  The  sjimo  principle  has  been  followed  by  Besrodka, 
Duwson,  ami  uthcrs  with  muro  or  less  success.  By  the  con 
I)r.  Besredka,  \  have  been  enabled  to  try  his  scrum  on  forty-foui 
septic  scarlet  fever.  The  senmi.  prepared  at  the  Institut  Pnati 
justly  be  described  as  a  *'  polyvident  antiscarUtinal  serum,"  see 
more  thjiu  twenty  se]Vinite  strains  of  streptococci  isolated  from 
scarlet  fever  were  employed  in  its  prcpnmtion.  The  seru 
given  in  grave  attacks,  attacks,  indewl.  which  my  exijoriencol' 
think  would  Ite  likely  to  prove  fatal  under  onlinary  nictho<ls  of  Vt 
The  actual  mortality  amongst  these  forty-four  attacks  was  Ilfi'S  ] 
a  result  which  I  reganl  as  distinctly  encoiu*.iging.  In  some,  the 
tnttioa  of  scrum  appeared  to  bring  about  a  rapid  and  strildug  : 
raeiit.  In  others,  on  the  contrary,  it  did  not  seem  to  have  ai 
but  I  was  4|uitc  unable  to  recognise  utiy  special  indications  by  i 
which  orte  might  form  an  opinion  i\^  to  its  probable  succeae  oi 
It  wnidd  seem,  however,  that  early  and  sufficient  dasage  are  of  pa 
importance.  The  mortality  amongst  seventvfu  cjises  in  which  t 
ment  was  commenced  by  the  fourth  day  or  earlier  was  23-5  p 
that  amougst  seventeen  cases  treated  ou  the  fifth  to  the  seventh 


35*2  per  cent ;  while  that  amongst  Utn  cases  treated  on  tho  eighth  to  the 
tBilli  (lay  was  50  per  cent.  The  amount  of  senim  given  at  eiich  injection 
wii  50  c.c,  re|>efttwl  daily,  when  necessary  j  tho  average  numlier  of 
inJKtions  being  four. 

In  view  of  the  Moik  of  Drs.  Klein  :ind  Men'yn  Gordon,  it  is  interesting' 
Uitiute  that  Pulmirski  and  Xebrowskt  made  an  extensive  trial  of  u  serniu 
juuxl  to  luive  been  preparetl  exclusively  from  Slreptonh-nts  c(/nglomcrnfus 
Htui:U  tliey  succeeded  in  isolating  after  death  in  seventeen  fatal  uises  of 
icnrlet  fovet-.  They  used  the  serum  in  about  one  thousand  casen  nf 
mfiWiiile  scarlatina  in  the  Children's  Ifospit^il  at  Warsaw,  but  they  only 
reconl  rc«s  Jiction  in  a  hundre<l  and  thirty-three  severe  attacks.  They  found 
llttt  ill  mild  cases  it  acted  Hkf  a  chaini ;  in  stiptic  attacks  it  actofl  well, 
thwi»b  more  slowly  ;  but  tht'y  are  tlouhtful  whether,  with  the  exception 
of  n'.'phritis,  it  had  any  protective  intluenee  against  the  more  comnion 
complicalionaof  scarlet  fever.  All  cases  in  which  Sticptvroccua  coitgUimeralus 
«M(l9tect©d  in  the  Wood  <hiring  life  proved  fatal  and  were  in  no  way 
iijHiienccil  by  the  serum.  If  the  critci-ia  adopted  by  these  observers  for 
ilif  identification  of  their  organism  ns  the  Strfpioc4xrus  cotighrnmafu^  be 
liUai- criticism,  the  striking  and  immediate  elTect  of  the  werum  which  th»^y 
ni^rt  on  the  mild  eiues  hjus  a  bearing  of  no  small  imjioriance  on  tbt 
tliinjj  advanced  by  Drs.  Klein  and  Gordon  in  favour  of  the  specific  relation 
of  tluit  organism  to  scarlet  fever. 

[q  view  of  the  i^omiwiratively  large  doses  of  antistreptococcic  senmi 
nwasory  (25-50  c.c),  and  the  desirability  of  repeating  the  injection  on 
•pvenil  successive  diiya  if  the  sernm  appear  to  iie  doing  gfKMl,  as  evidenced 
^  All  idmo&t  imme<IiaLe,  though  usually  tempfiiary,  fall  of  temperature, 
il  ig  alw;vys  well  to  select  a  ditferent  site  for  each  injection.  The 
liahjlity  to  subsetpient  suppunition  at  the  seat  of  injection  is  much  greater 
Uttn  when  antitoxin  is  similarly  employed  in  cases  of  diphtlieria.  pAen 
greater  care,  if  possible,  should  be  taken  to  render  the  operation  aseptic, 
lliough  it  is  by  no  means  improbiibk*  that  the  gr&Hter  frequency  of 
AbecMses  in  this  ela.'^B  of  uiso  is  actually  determined  by  streptococci 
already  present  in  the  cii-ctilation. 

2.  GetiCTHl  Traffmnnt. — '!*he  {Kitient  should  Ijc  placed  in  a  room  which 
can  bo  freely  ventilated,  and,  at  the  name  time,  adequately  warmcfl. 
This  should  be  effected,  if  possible,  by  means  of  an  open  fire,  the  ingress 
of  fresh  air  being  provided  for  by  keeping  tho  top  8:whew  of  the  winilows 
more  or  less  ofien  both  flay  and  night  to  an  extent  pioporiioiiate  to  the 
state  of  the  wwither.  The  air  of  the  room  should  be  kept  as  dry  as 
po««ibIe,  and  raaintjiined  at  a  tempemtnre  of  from  56  to  60  Y.  A  warm 
temperature  is  of  more  importance  dnring  convalescence  tlian  it  is  in  the 
■cut«  stage  of  the  rlisease.  A  horse-hair  mattress,  preferably  snjtjxirled 
on  A  chain  or  wire-wove  nnder-mattress.  is  the  best  j  and  the  bed- 
dotlies  should  be  light  i>ut  warm.  Oiiring  the  febrile  stage  linen  should 
l»e  worn  next  the  skin  ;  but  when  the  lempeniture  has  fallen,  flannel 
•hould  be  stibstituted,  and  cither  it  or  a  woollen  vest  be  worn  throughout 
the  period  of  convalescence.  The  hygiene  of  the  sick-room,  though 
vuL.  ir. — rr.  i  *  2  h 
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imponunt^  does  not  call  for  special  reinai*k,  but  should  be  oouducted] 
rational  principles. 

So  loiij;  aa  fever  is  present,  the  surface  of  the  body,  at  any  mc  don 
to  the  hips,  sbo»Od  be  washed  dnily  with  soap  and  wal«r,  and  the 
of  the  skin  encouraged  by  an  occftsioniil  tepid  sponging,  due  care 
taken,  of  course,  to  nvoid  unnecessary  exposure  of  tho  fiurface. 
well  to  *'  tepid>s[K)nge  "  the  jxitient  every  evening  as  n  mutter  of  roui 
By  this  mojina  not  only  is  the  tension  of  the  akin  lci*aenod  and  the 
pcrniuro  somewhat  reduced,  but  restlessness  is  diminished  and  quiet 
promoted. 

A  fnbrifnge  mixture,  containing  either  bitartrate,  nitrat*',  or  chlonfl 
of  potusii,  and  acetate  of  ammonia,  combined  with  spirits  of  nitroiu  etbei 
and  a  little  syiiip  of  orange  or  lemon  peel,  may  Iw  given  every  few  hour 
with  a<lvantagp.  A  lemonade,  composed  of  lemon  juice,  bitArtrato  ant 
chlorate  of  potash  (an  gr.  iii.-v.  ad  5J.)  and  soda  water,  sweetened  witi 
KUgar,  f<trm8  a  rofrcHlaiig  arifl  useful  beverage.  The  boweU  slioidd  b 
encouraged  t<i  act  daily  by  means  of  some  mild  laxative ;  for  this  ]mrpQ« 
nothing  is  l>etter  than  compound  liquorice  powder,  or  the  confections  « 
senna  and  sulphur.  In  young  children  an  occasional  glycerin  enem 
may  l>e  sufficient,  and,  in  patients  who  are  getting  up,  a  glass  of  eoli 
water  takfii  iirsl  thing  in  tlie  moniing  may  be  all  that  is  require*!.  ; 
tonic  is  often  iiidicaU-'d  during  convalescence,  prefenibly  one  containin 
iron,  in  view  of  the  frequent  presence  of  some  degree  of  post-scjLrUtiti:i 
anwmia.  The  urine  should  be  tested  daily  for  albumin,  especiidly  durin, 
the  second  and  third  weeks.  In  order  to  diminish  the  riftk  of  renal  con 
plication,  and  to  facilitate  peeling,  frequent  warm  baths  should  bo  orderer; 
starting  from  the  day  on  which  the  tcmperaitire  has  fallen  to  normal ;  i 
pos<)iblc,  the}'  shoidd  be  given  daily.  m 

There  is  no  reiison  why  the  subjects  of  mild  scarlet  fever  sbouM^ 
be  allowed  to  got  up  at  the  end  of  ten  days  or  a  fortnight,  provided  n 
complication  ha^  arisen,  and  due  care  be  taken  to  avoiil  chill  t»r  undo 
exertion.  Young  children,  however,  may  with  advantage  be  kept  in  be 
for  three  weeks  after  the  appearance  of  the  rash,  as  they  arc  prone  t 
develop  some  complication  dtuirig  this  period.  If  llie  wwuhcr  be  dij 
and  the  patient  suitably  dad,  a  moderate  amount  of  outdoor  exercisa  i 
of  distinct  Iwnetit.  In  these  circumstant:es  he  may  be  allowed  to  gu  on 
after  having  been  up  for  two  or  thive  days.  If  the  weatht-r  be  Janii 
however,  jind  the  patient  foolish  enough  to  sit  aljout,  the  practice  is  the 
by  no  means  devoid  of  the  risk  of  renal  or  glandular  coniplicjition.  Fc 
this  reason  young  children,  during  the  eai-ly  weeks  of  convalcsscenc* 
should  not  I>e  allowed  to  go  out  of  doors  unattended. 

^Vhcn  the  period  of  isolation  has  expired,  which,  even  in  the  absenc 
of  any  discharge  from  the  noso  or  cars,  should  not  lie  less  thnn  live  or  i\ 
weeks,  a  short  resitlenee  in  the  country,  if  |>o«sible  at  the  seoaido,  wiU  b 
of  ])ermanent  value  after  a  severe  attack. 

The  diet  during  the  febrile  stage  should  mainly  consist  of  milk  Juu 
beaten-up  eggs,  but  the  addition  of  a  little  soup,  beef-tea,  muttot 
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uid  calves'-foot  jelly,  forms  a  welcome  variuty,  and  will 
arm.  As  soon  as  the  teiu{>E)t-ature  hits  fallen  n  more  solid  diet  is 
tssiblt! ;  and  bread  soaked  in  millc,  cuBtm-d,  milk  ]iuddings,  lijchtly- 
twiiwi  egg3j  and  thin  brem]  and  butter,  devoid  of  crust,  may  boaiidcd  to  the 
liipun",  provided  the  state  of  the  throat  permits  of  their  being  swallowed 
witbout  discomfort  In  the  course  of  two  or  three  days  the  diet  may  be 
nteoded  so  as  to  include  fiah,  jioultry,  or  meat. 

On  purely  theoretiail  «p*ouiuU  it  has  been  contended  that  nitrogenous 
jood  should  be  withheld  during  early  convalescence  from  scarlet  fever,  in 
order  to  avoi<l  throwing  too  much  stress  ii|)on  the  kidnevK.  I  am  able, 
Iwwever,  to  assert  with  considerable  confidence  that  no  such  risk  is  found 
inpnclice,  and  that  imtients  will  Buffer  no  harm  whatever  if  put  on  such 
li  (iielary  aa  I  have  dcscnbed  above.  There  is,  moreover,  no  evidence 
tfait  nephritis  has  ever  been  induced  by  the  administration  of  a  diet 
toatainitig  a  nirxlerate  amount  of  nitrogerious  food.  The  desire  of  the 
puietit  himself  for  solid  food  is  the  best  criterion  of  its  advisability,  and  it 
my  lie  given  with  contidence  as  soon  as  he  feels  able  to  swallow  it  without 
'Womfort.  Ki{>o  and  succulent  fruit  may  l:>e  given  at  all  times  throughout 
ibe  illnesa.      It  is  not  only  refreshing,  but  wholesome. 

When  there  is  much  swelling  or  ulceration  of  the  faucial  structures, 
especially  if  att«nded  with  lenderncHH  and  infiltration  of  the  aubraaxillary 
lymphatics,  it  may  be  exti-emely  dirticult  to  prevail  upon  the  patient  to 
't  Lis  nourishment ;  and  the  same  thing  is  frequently  true  iu  cases  of 
'hi'  luxic  ty|>e,  the  patient  being  usually  restless  and  refractory,  if  not 
uiiv^ly  deliriuuii.  In  such  cases  the  food  shoidd  bo  administerc^l  in 
^1  quantities,  and  in  }is  (concentrated  a  form  as  possible,  reliance  being 
thea  nuiinly  placed  upon  some  of  the  various  u)eat*essencefl.  though 
trBshly  prejiared  raw  Iwef  juice  is  probjihly  more  valuable,  These,  too, 
^  the  only  case*  in  which  stimulants  are  neceasarj*,  and  even  here  their 
•"eihoidd  be  cautiously  regulated.  To  a  child  of  five  yuars  of  age  it 
"SI  !«  rarely  necessary  to  give  brandy  in  larger  quantity  than  at  the 
f*te  of  half  A  teftspoouful  every  hour.  In  prolonge«l  cases  of  the  septic 
^■^pe.  meat-juice  combined  with  alcohol  in  a  psilatable  form  will  bo 
^Hbtful.  Deglutition  in  some  coses  becomes  practically  impofisible  ;  it  may 
^^■en  bo  nocessar}'  to  pass  a  njtsal  tube,  or  feed  entirely  by  the  rectum. 
^»  3.  SijinytnutKUif-  Trrahntnt. — The  local  treatment  iff  the  throat  in  scarlet 
l«ver  is  of  the  first  importance.  In  mild  attacks,  and  in  those  of  the 
toxic  variety,  nothing  more  is  necessary  than  to  irrigate  the  fauces  every 
ifW  hoius  with  some  mild  antineptic  solution,  such  as  l>oracic  acid, 
bicarbonato  of  soda,  sidphurous  acid,  or  Condy's  fluid,  applied  by  means 
of  either  a  syringe  or  spniy.  In  adults  the  throat  may  be  gargled. 
Local  discomfort  may  be  lessened  by  frequently  sucking  small  pieces  of 
ice,  but  in  some  {>cr&onB  more  relief  is  obtjiined  when  the  Huid  nourish- 
ment is  taken  as  hot  as  it  can  be  borne.  Hot  fomentations  or  a  linseod- 
meal  poultice,  properly  made  and  evenly  applied,  should  be  placed  round 
the  throat  in  all  coses  in  which  the  glands  are  enlarged  and  tender.  They 
not  only  considerably  diminish  the  pain  on  swallowing,  but  also  appear 
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to  favour  resolution ;    moreuver,  if  suppuration   threaten,  tb6  pr 

seems  to  be  hastened  by  their  application. 

lu  septic  cases,  however,  in  which  the  tonsils  threaten  to  ulceniCti 
are  co*ited  with  exudation,  luore  vigorous  methods  are  called  for. 
it  is  necessary  to  taring  the  diseased  surface  into  jls  healthy  a  or>ndition1 
possible  by  means  of  some  more  powerful  antiseptic  soluiioo,  fre*iueB 
used,  and  at  the  same  time  tu  cleanse  the  naso-faucial  passii^es  fi 
oirensivo  accumulations.  For  this  purpose  nothing  is  better,  if,  int 
so  good,  as  an  acid  solution  of  chlorate  of  potash  contiuiung  a 
amount  of  free  chloriue.  The  solution  is  preiMircd  by  pouring 
hydrochloric  acid  upon  powdered  chlorate  of  pot^ish  in  a  large  stopper0< 
}n>tt!e,  and  aftenvards  shaking'  up  with  water.  The  best  pro]K>rtioni(  iiT 
h  minims  of  the  strong  ucid  to  9  grains  of  the  sail,  made  up  U> 
ounce  with  water.  The  resulting  solution  is  of  a  greenish -yellow  coI< 
and  smells  strongly  of  chlorine.  This  is  used  with  an  equal  volui 
cither  hot  or  ice-cold  water,  and  the  fauces  should  Iwa  thoroughly  sy 
out  every  two  or  three  hours  according  to  the  severity  of  the  local 
tion,  the  syringe  best  :id;ipted  for  the  purpose  being  what  iit  knowo 
four  ounce  rubber  enema  bottlu,  httod  with  a  vidcanite  nuzzle.  It  is  bw 
to  employ  two  svringos  at  ejich  operation,  one  being  allowed  to  fill 
in  a  basin  containing  about  a  pint  of  the  solution  while  the  other 
being  used  By  the  lime  the  latter  is  empty  the  other  will  be 
charged,  and  there  is  consequently  no  loss  of  tiiuo.  Thiii  latter  poll 
of  couai Jerable  iuiportJinco  to  the  [laticnt,  as  the  prvu'efs  is  by 
means  pleasiint.  This  is  far  the  best  method  of  dealing  with  a  s< 
throat,  as  the  solution,  which  is  strongly  antiseptic  and  aslriiigiMit,  i 
injected  in  such  a  wanner  as  to  cleiir  tlie  faucial  passage  uf  any  olfeuiU 
secretion.  No  amount  of  gargling,  sprayings  or  swabbing  cark  comjfl 
with  it  in  point  of  etHcacy,  even  if  the  parts  l)e  reached.  The  {tatiefl 
he^ul  should  bo  hold  over  a  I)asin  and  the  mouth  kept  open.  Tb 
sobitinn  may  bo  injocN^l  with  some  force,  as  tio  harm  can  be  d<>ne  ^H 
stream  of  Huid,  but  auffiuient  time  must  be  allowed  for  the'  patient  to'^j 
a  breath  between  each  sipieezti  of  the  syriiigt*.  The  relief  obt;iiued 
very  great,  and  even  young  children,  aft-er  a  short  experience,  will 
willingly  suljrait  to  its  repetition  in  Wew  of  the  comfort  which  fol 
]^»y  frequently  irrigating  the  di^^eased  surface  in  this  rminner  the 
multiplication  of  jtyogonetic  aiul  pulri>factive  organisms  is  to  a 
extent  held  in  check,  and,  consequently,  the  chance  of  an  extensit 
the  ulceration  is  considerably  lessened. 

Having  regard  to  the  tendency  which  exisi^j  for  the  morbid  pi 
to  involve  the  nasopharj'nx  also,  as  evidenced  by  the  frequent  occui 
of  rhinorrhiwi,  it  is  wise  to  irrigate  the  misal  passages  a*  well. 
solution  ttf  chlorine  Ikj  cmploynl  for  the  purpose,  this  should  be 
\\\  more  diluted  form,  or  one  of  l»oric  acid,  Condy's  Huid,  or  8;dt 
be  substituted,  hs  l»eing  less  irritjiting.  If  a  syiinge  l>e  u*ed  for  nii 
out  the  misal  |jassages.  the  Huid  should  be  injected  very  gently, 
there  is  a  risk  of  drinng  inHammatory  products  up  the  Eustachian 
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«wl  wiling  up  infljuiinuition  of  the  middle  ear  if  undue  force  be  employed. 
Ill  imfikilled  hands  a  nasal  douche  is  best  atlapte<l  for  the  purpose. 

Dr.  A.  K.  Gordon,  of  the  ^fonsall  Fever  Hospital,  is  of  opinion  that 
therUily  use  of  a  douche  to  the  throat  and  nose  in  the  acute  stage  of 
iwrlet  fe\or  helps  to  prevent  oton*h*fji,  and  he  recommends  the  employ- 
nwat  of  Bt<!rilised  water  for  this  purpose.  I  am  not  con\'inced  of  the 
ttxtmKy  for  this  in  mild  attacks  when  the  na,sal  paasjiges  are  free  and 
aDdhjtructed,  hut  in  young  chiUheu  whose  tiaso-pharynx  is  blocked  with 
adenoids,  I  believe  the  practice  to  be  of  prophylactic  value.  Persistent 
Md  ititmctA)>le  rhinorrh^ea  is  in  moiit  ca8<f«  due  to  the  presence  of  adenoids, 
ami  their  remoATd,  even  in  the  early  convalescent  stage,  is  followed  by  the 
Usst  restdts. 

If  the  celliilAr  tissue  in  the  submaxillary  or  cei-vical  region  become 
the  wat  of  brawny  infiltration,  it  is  bcitt-r  at  once  to  make  aevend  free 
inayons  into  the  part  affected,  rather  than  to  wait  for  the  appearance  of 
litffifiite  supptiration.  This  not  only  rebVves  \m\\  and  tension,  but  at  the 
wnetjme  provides  an  escape  for  the  pent-up  inllanimatory  products.  In 
«ch  cases  the  presence  of  actual  suppuration  is  often  very  difficidt  to 
<let«nnine  :  indeed  it  may  Ije  jibwrit  altogether.  Fref|Uently,  however, 
WKbsres4  forms  tnider  the  sterno-mastoid  or  beneath  the  cervical  fascia. 
This  nhnuld  be  opened  at  once  and  a  drainage-tul»e  insertwl.  Atterwiirds, 
hot  fomenULtions  of  boracic  or  carbolic  Jicid  sliould  be  applied,  and  changed 
(Teqnently. 

hisomnia,  restlessness,  and  delirium  are  usually  associated  with  a  high 
I'-'iujieniture.  For  thoir  relief  recourse  shfiuld  be  had,  in  the  lirst  place, 
fo  rold.  or  tepid,  sponging.  If  this  fail,  opium,  sulphonal,  trional,  or 
dJomUmide  maj*  be  trieti  in  doses  projKirlionate  to  the  patient's  age. 
^H^Jnging  is  frequently  benelicijd,  but  should  l>e  used  with  caution  after 
'he  middle  of  the  sccrmd  week,  when,  if  albuminuria  be  present,  it« 
''niidnjiinent  is  contra-indicatetL 

The  treatment  of  hyperjiyi-exia  is  usually  unsiitisfactory.  and  most 

«Me«  are  idtimatcly  fatal.     A  cold  |>iick  should  bo  tried,  and  its  effect 

arefully  watched.     Of  all  drugs,  antifebiin,  in  two  to  five  giviin  doses, 

tlie  best     The  dose  may  bo  repeated  in  four  hours  if  the  temperature 

RSnin  risen.     No  other  drug  appears  to  be  of  equal  service,  and  the 

iibinHtion  of  antifebrin  with  the  wet  pack  is  sometimiJS  of  great  value. 

The  use   of  the  graduated  bath   in   scarlatinal   hyperpyrexia   is   recnm- 

ided  by  some  physicians,  but  in  my  hands  the  remedy  has  not  proved 

fiatififactory.     The  temjitmturo  of  the  water  nt  starting  should  )»o 

aljout  90    F.,  and  this  should  Iw  rapidly  reduced  until  the  body-heat  hju; 

WIcn  to  about  101  . 

Dinrrbtifi,  appearing  early  in  the  illness,  hud  better  bo  left  to  itself : 
1ml  when  it  complicates  the  late  stage  of  a  severe  utlfick,  it  must  not  be 
neglected.  In  such  cases  Dover's  jwwder  is  often  useful,  especially  when 
combin^I  with  equal  pjut**  of  bismuth  sulmitrate  and  salicylate  nf  soda.  A 
iwwder  containing  two  grains  of  ciich  may  be  gi%-en  to  a  child  of  five,  and 
can  be  repeated  in  four  to  six  hours  if  necessar^t*. 
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The  treatment  of  the  recoguUed  complications  of  scarlet  lei 
im]>ottant.  Si^mo  years  h<^o,  while  ti'^Ating  upon  a  series uf  ca8<?8  the' 
of  decoction  of  cinnamon — for  which  nn  abortive  action  hiul  been  cli 
by  Dr.  Carne  Koss,  in  wises  coming  under  treatment  at  ii  sufficiently 
rhito — I  wa^  iiurpriKOti  to  lirul  h  eoni>i(h!ml>le  re<luctioti  in  the  incidt^ 
some  of  the  more  common  complications  of  the  disease.  Indeed^ 
seriftB  of  200  consecutive  case^  which  were  juit  under  this  ti-eafl 
within  twenty-four  hours  of  tlio  apiH'arance  of  the  rash,  tbo  incidoi 
Hficnitis,  rheumatism,  nephritis,  aufl  alhumintirift  was  found  to  hoi 
50  j)er  cent  below  the  average.  The  genenU  dwith-nite,  however,  si 
no  reduction. 

Otitic. — The  earache,  which  in  some  degree  is  very  often  pi-eeenl 
early  etagc,  should  be  treate<i  by  gently  irrigating  the  affected  ear 
water  aa  hot  as  it  can  be  l>ome.     After  this  a  few  minims  of  laudl 
or  glycerin  of  carbolic  acid,  previously  wanned,  may  be  dropped  ini 
canal,  and  a  hot  fomentiition  of  opium  or  boUadonnn  applied  exteq 
The  instillation  of  n  few  <lrops  of  a  5  per  cent  solution  of  coniine  inl 
atropinse  will  sometimes  quickly  give  relief  when   the  former  re: 
have  faileil.     Now,  although  from  a  surgical   point  of  view  it 
desirable  to  incise  the  mcmbrana  tympani  directly  the  drum  she 
sign  of  bulging,  in  the  young  children  who  are  almost  invariably  tl 
jectfl  of  the  acute  sairlutiiml  aHoction  the  external  canal  is  tisnally  so  t^ 
imd   iu   calibre  so  small,  that  not  only  is  the  pas-sage  of  the  i«|)e^ 
extremely  painful,  but  a  satisfactory  inspection  is  very  dirticuli.     ] 
membrane  niptui-e  spontaneously  (which  it  usiudly  does  in  a  ehort ' 
it  is  doubtful  whether  any  harm  results  from  neglect  of  this  pru< 
provided  the  after-treatment  be  cArofully  carried  out*    In  many  iiul 
the  early  ap|K'arancc  of  the  discharge  will  anticipate  suigical  interffl 
indeed,  more  often  than  not,  it  is  the  fii*st  sign  of  the  afl'ection. 
otorrhtiea  is  once  established  it  is  of  pai-amouni  importance  to  ke( 
middle  ear  as  a5e]}tic  as  possible.     >\'ith  this  object  the  ear  shol 
carefully  syringed  every  thi'oe  or  four  hours  with  some  mitiseptic  soil 
the  canal  shoukl  then  be  dried,  and  a  small  piece  of  cyanide  or  alen 
wool,  sprinkled  with  iodoform,  inserted  in  the  meatus.     A  good  lot 
emph>y  is  a  saturated  si:tlution  of  Iforacic  acid  or  one  containing  .h  m 
of  eijiud  parts  of  glycerin  of  carbolic  acid  and  glycerin  of  lx>rax, 
projmrtion  of  half  a  drachm  of  each  to  the  ounce  of  wator.     If,  aft*r 
weeks'  treatment,  the  discharge  do  not  markedly  diminish,  it  is  udvui 
change  the  solution  for  some  other  possessing  more  astringent  prop 
A  goofi  sul»stitntc  is  a  lotion  of  carbolic  acid,  1  in  40,  containing  aUJ 
grains  t^>  tlie  ounce  of  either  sulpliato  of  zi?ic  nr  sulphate  of  copper,  \ 
occasionally  by  the  use  of  a  weak  solution  of  cylliii.      I(  the  perf 
in  the  dnim  ))e  large,  a  few  grains  of  iodoform  may  be  blown 
meatus  after  syringing,  more  especially  if  the  disMduuge  \y&  \&ty  offii 
At  a  later  stage  a  few  drops  of  dilute  recti5ed  s]iirit  can  be  instill 
the  ear  occasionally,  the  strength  lieing  gradiuilly  iiicreaaed. 

The  occurrence  of  pain  and  tenderness,  accompanied  by  rodno 
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fvelbog  over  the  mastoid  bono,  are  indicative  of  the  presence  of  a  mastoid 
alaccK  This  is  usually  attended  with  pyrexia  of  some  degree.  For 
iu  relief  x  vertical  incision  AhouM  l>e  ni.ulc  riyht  down  tt)  iho  l>one, 
tmntHiiately  l»elmHl  the  ear,  taking  caro  to  dinUc  the  periosteum.  In 
thii  W4_v  a  sulhperiosteal  collection  raay  l>e  relieved,  though  uBimlly  the 
amnnnt  of  pna  is  small  and  may  easily  escape  detection.  The  lH:ine 
Alira«  feels  rough  to  the  probe,  though  it  may  bo  distinctly  curious,  in 
irbich  aise  pu»  is  usually  pri-sent  in  the  mastoid  antrum.  In  theiie 
cirtiUQStances  anthreutomy  should  lie  pfrfonued,  any  gninulat.ion-tiss,ue 
((Mflii  in  the  cavity  removed,  and  free  drainage  providwl  for  the  middle 
ar  bv  at  the  same  time  cnlarj^n^:  Ixith  the  cororaunicatii>ii  between  the 
antrum  and  tympanic  attic  and  the  perforation  in  the  memltrana  tympani. 
Oaagioiuilly,  the  ordy  sign  of  mastoid  suppuration  ia  the  jwraistence  of 
otorrhtta  with  irregular  pyresria,  or  the  8ud<len  occurrence  of  facial 
pKntlysiA. 

In  view  of  the  f^erious  risk  of  infection  spreading  to  the  lateral  sinu?, 
t-nmi,  or  meninges,  every  case  in  which  suppuration  within  the  ma.^toid 
U»f»  is  suspected  shoidd  be  at  once  submitted  to  operation,  and,  indeed, 
il  IS  a  rjuestion  whether  it  is  not  wiser,  ha\*i(ig  regjird  to  the  risk  of 
inrolvement  of  the  mastoid  cells,  t^  provide  free  drainage  by  0|i}cning  the 
wsjiloid  antrum  in  all  eases  in  M'hich  an  otorrhreu  has  persisted  for  several 
nwnlha,  mid  pr^tved  vefmctory  to  onlinary  ti-e.ument.  This  is  especially 
RDfiortaiic  in  cases  whore  tho  discharge  is  distinctly  ofFensivo,  or  when 
tic  presence  either  of  granulations  or  carious  bone  can  be  detected  in  the 
Itiiddle  car.  Such  cases  nearly  always  retpiire  the  complete  mastoid 
'^wution.  By  this  means  not  only  Tvill  ultimate  danger  to  life  through 
^tension  of  the  disease  be  averted,  but  cure  is  likely  to  he  more  rapid, 
'""I  \rith  less  chance  of  complete  loss  of  he-iring.  For  i)iforniiitii>n  as  to 
'ae  iletaiU  of  the  particular  operation  which  may  be  indicated  in  different 
•'■•es,  A  work  dealing  with  the  surgery  of  the  mastoid  region  should  bo 
wasulted.* 

-Atlfttitis. — This  affection,  when  recognised  at  an  early  stage,  is  best 
^'^^ttti  by  tho  application  of  a  Iinsee<l-meal  poultice,  by  whicli  means 
'**o|ution  seems  lo  1m^  favoured.  If  suppuration  occur  the  absceas  should 
J*  nt  once  opene<l  and  a  drainage-tube  inserted.  Warm  dressings  of 
"^J^ic  or  carl>olic  acid  shouM  then  be  applied,  anrl  frc<(uently  changed. 

Jihruntittiimi. — In  most  cases  the  local  ap|tlication  of  opium  or  chloro- 
*^^'^^ttx  fttid  belladonna  liniment  will  be  suflicient.  The  painful  joints 
«Ooii|(I  be  surrounded  with  warm  cotton -wool,  and  a  flaiuiel  bandage 
'*l*l>li*.tl,  while  the  affccttxl  lini>)ft  are  pup]iorteil  in  as  comfortable  a 
l^^ftilion  as  jwssible  by  moans  of  pillows.  If  tho  joint  affection  l)e  severe, 
**5d  in  those  ruro  instaiicos  in  which  the  cardiac  structures  become  in- 
^*>Wed,  the  free  use  of  the  salicvlaies  will   he  attended  with  the  best 
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reitultd,  nor  is  there  any  reason  to  believe  that  their  administraiion 

:it!ef:ts  the  kidneys  injuriously.     If,  hnwover.  one  or  more  of  the  join 
rentiiin  swollen  and  tender  for  any  length  of"  time,  and  the  tcm|nTaW 
show  nu  reduction  uikIlt  full  dosea  nf  salicylate  of  sod h  or  aspirin,  a  little 
fluid  should  be  withdrawn  from  the  joint,  by  means  of  an  aseptic  hypfr 
dermic  syringe,  and  examined.    If  it  be  purulent  the  joint  mnat  l>e  openwL 
under  strict  iisejitic  conditiona.      A  ftmall  incision  should  be  made  into  it 
on  cAch  side,  and  us  the  fluid  escapes  the  joint  should  be  irrigated,  ever 
to  the  |K)intof  distension,  with  al  in  2000  sohitiun  of  corrosive  sublimiue. 
Thitj  bhould  be  allowed  to  eticape,  imd  the  openings  closed  by  means  of  a 
small  piece  of  antiseptic  gauite  soaked  in  collodion.     Finn   but  elastic 
]>ressure  should  then  be  exertefl  upon  the  joint  by  meiins  of  a  Ijand&ge 
tightly  applied  over  several  layers  of  cyanide  tvooI,  and  the  limb  placed 
upon    a  splint-      In  raiiny   cases   I   have  found  this  treatment  entirolj 
sncoessful,  no  i-caecunuilntinii  of  pu8  huviii^^  ensued.    Uentlc  passive  move 
ment  was  allowed  at  ihi?  **ud  of  two  or  throe  weeks,  and  a  sound  joint  wu 
the  result.     This  snh-pya'mic  condition  seems  invariably  to  have  &u|*er 
vened  upon  ;m  affection  which,  though  originall}*,  as  far  as  could  be  8e«n 
rheumiitic,  did  not  prove  amenable  to  the  action  of  the  salicylates. 

y^ephri^h  ond  Alhuiitinitrin. — When  the  renal  inHammatiun  takes  ai 
acute  furm,  as  evidenced  by  the  severity  uf  the  constitutional  distuibiino 
and  the  degiee  of  urinary  suppression,  the  treatment  should  be  mainh 
directeil  towards  the  ericoura;;ement  of  a  free  ;iction  of  the  other  cxctetorie 
—the  skin  and  Iwwcls — and  towards  lowering  the  arterial  blrxKl-prefiftUrt 
With  these  objects  in  view  a  hot  air  or  steam  bath  shoidd  be  given  dail} 
Free  poi-spiration  may  be  assisted  if  nece-ssary  by  means  of  froquon 
draughts  of  cold  water.  Some  purgative  also,  calculated  to  prodnc 
copious  watery  evacuations,  should  be  given  in  full  doses;  and  for  thi 
purpose,  eitlier  sulphate  of  magnesia  or  soda,  or  the  compound  [jowdt^rs  o 
jala]>,  elaterium,  or  scnmmony,  may  be  employed.  Tlie  bowels  should  b 
kept  loose  by  repeating  the  dose,  if  necessjuy  daily.  Wet-cupping  th 
loins  to  the  extent  of  several  ounces  may  be  of  service  in  cases  in  whici 
the  suppression  is  nearly  complete,  but  the  emploj-ment  of  dry-euppinj 
or  the  application  of  poultices  to  the  loins,  is  practically  useless.  TU 
hot  air  or  steam  Itath  is  esjiecially  indicated  when  the  skin  acl8  ImmUv,  an< 
when  there  is  obvious  anasarca  ;  and  in  these  cases  a  diaphoretic  mixttu- 
contiining  acetate  of  ammonium,  nitrate  of  potash,  and  spirits  of  nicrou 
ether  ma}'  bo  given  every  three  or  four  hours. 

The  diet  should  consist  of  milk  only,  preferably  diluted  with  sod« 
lime-,  or  barley-water ;  and  lemonade  may  1«;  j^ven  freel\'.  The  vomitin 
may  prove  xerx  troublesome,  in  which  case  the  milk  should  be  peptur 
ised,  and  administered  in  small  ijnantities.  Though  drugs  nro  oo 
usually  of  much  ser^'ice,  the  retching  may  sometimes  lie  cnnt,n>lled  h 
drop  doses  of  tincture  of  iodine  given  hourly  in  a  teJispoonfiU  of  water. 

Most  cases  of  scarlatinal  nephritis  will  progress  favourably  unde 
the  above  treatment.  The  re-establishment  of  the  urinary  excretion 
attended  by  a  fall  in  the  blood-pressure,  the  disappearance  of  oedenu 
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Jtr.d  ii  nomul  U-mpcrniuro,  are  the  signs  to  be  looked  for.  In  tbese 
-Mnces,  if  the  vomiting  have  oeasod,   the  diet  may  Iw  praHually 

I  ii'l  80  a9  to  include  bread  and  Imtter,  farinaceous  puddings,  and 
ffiiin?  tish.  Xow  is  ihe  lime  at  M'hii-h  iron  in  some  form  is  most  useful, 
jixl  none  is  belter  than  the  tincture  of  the  porchloride  given  in  10-15 
niiram  doees  tltree  or  four  times  in  the  tHenty-lbur  hours. 

When  the  oisc  hjis  so  far  progrcs&e<l  that  no  signs  of  nephritis 
r«u.iin  (Other  than  slight  albuminuria,  and  a  certain  degree  of  anaimia), 
Uw  inclufiiou  of  a  couple  of  boiled  eggs  tn  the  dietary  will  be  bene- 
licial  This  will  help  to  replace  the  albumin  which  is  constantly  being 
{««0d  in  the  urine ;  and  under  the  influence  of  an  appreciable  amount 
■if  coagiiLited  pruteid  and  the  free  administration  of  iron  a  ])atient 
rill  osuallr  put  on  flesh  and  gain  colour  ^ritb  greater  rapidity.  If  at 
-tfir  time  uraemia  threaten,  ns  sliewn  by  di-owsiness,  heiulache,  vomiting, 
ami  Iniore  imiwrtant  still)  the  slii;hieflt  Ruspicion  of  musrular  twitching, 
rhc  most  energetic  measures  are  called  for  at  once.  Then,  one  or  two 
'Iniiifi  of  croton  oil,  floated  in  a  teasjioonful  uf  milk,  should  be  given 
iiumciiauly  ;  the  body,  well  covered  \nth  blankets,  should  be  at  once 
pWtid  in  a  hot  air  or  steam  bath,  and  ,\  to  J  grain  of  pilocarpine  injected 
nibcutaneoualy.  If  the  arterial  pressure  be  high,  ,  ^^  grain  of  nitro- 
ijivirrin  may  >>c  given  :  or  better  still,  the  patient  should  be  bled,  the 
■iiiHMUit  of  bloo*l  being  restdatcd  by  the  cft'cct  produced  upon  the  pulse. 
The  cose  must  be  carefully  watched,  and  if  the  breathing  become 
^Wrassed,  through  sjnuini  of  the  glottis  or  ivspiratory  muscles,  chloro- 
form should  be  administered  forthwith.  A  few  whifls  will  frequently 
relieve  the  respiratory  s|ja«m  and  consequent  cyanosis.  It  should  bo 
fvpeat«d  aa  often  as  may  lie  rerptired.  By  its  use  not  only  is  an  imnie- 
•Ittte  danger  removed,  but  time  is  given  for  the  other  remerlics  to  act. 
M'lst  cases  of  urieraic  convulsions  can  be  saved  by  energetic  and  judicious 

The  onset  of  acute  pulmonary  OHlema  is,  in  my  experience,  invari- 
^S  fatal.  Venesection  would  ft|ipoir  to  hold  out  the  best  prospect, 
•wi  digitalis  should  always  l>e  tried  with  the  oliject  of  contracting  the 
f'lmonary  capillaries.  During  the  acute  stage  of  nephritis,  and  for  a 
"'^^k  or  two  afterwards,  the  jjatient  should  be  kept  between  blankets, 
""*■  should  be  be  allowed,  in  an}-  circunisl^uices,  to  get  up  for  at  least  a 
"'"nth  from  the  onset  of  the  afi'ection.     He  should  in  all  cases  )>e  kept 

'trictlyfonfinefl  to  bed  until  the  amount  of  albumin  has  fallen  to  a  trace, 

'"**i  riannel  should  constantly  be  worn  n<^xt  the  sk-in,  imt  only  throughout 

'^''^^■alescence.  but  for  several  months  afterwards. 

If  the  pjitient  ha.s  been  getting  up  for  a  week  or  two,  gentle  out-of-door 

^*^rci*e  m/iy  be  alktwc<l  in  dry  weather.     This,  if  the  bo<ly  be  wnnnly 

'-'^^i,  will  be  of  distinct  benefit,  even  though  a  trace  of  albumin  remain. 

'^     few   weeks'   change   at    the    seaside    will    in    most    cases    complete 

'■^Covery. 

Persistent  albuminnria,  of  more  than  three  or  four  months'  stjtndtng, 

T^oliAbly  always  poitits  to  permanent  imi>airment  of  at  least  some  portion 
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of  the  renal  tiAsuc.     In  tbes«  caaeB  residence  in  a  vsirm«  dry  climiiti 
extreme  care  in  resftect  to  both  liahits  and  diet,  are  to  be  recommen 

Ulcerative  Stomatitis. — In  miltl  cases  nothing  more  is  re'iuircii  th 
syringe  out  the  mouth  every  few  hours  irith  a  Bolution  of  cW 
Condy's  Huid,  or  uonvsive  sublimate^  and  to  paint  the  afleclod  «( 
occasioimUy  with  glycerin  of  borax  or  nitrate  of  silver,  Tho 
should  be  kept  carefully  cloaiised,  and  any  carious  stumpe  removed 
those  exceptionuily  severe  cases  which  are  known  by  the  nai 
"  Noma,"  the  diseased  and  sloughing  surface  should  without  lo*s  of 
be  9cra]>ed  thoroughly  with  a  cuietU',  and  fuming  nitric  acid  aftci 
freely  applied.  T^is  operation  may  usually  !>e  done  mider  cocait 
in  the  worst  class  of  case,  or  in  those  which  have  not  come  earlv 
treatment,  the  disease  may  be  so  extensive  that  a  general  amestbeti< 
be  required.  After  oiiei-ation  the  inside  of  the  mouth  shoidd  be  h 
over  with  olive  oil,  and  periodically  syringed  out  with  some  anti 
lotion.  If  after  forty-eight  hours  the  dibease  be  seen  to  Ite  extendi 
any  point,  the  aftected  part  should  again  be  destroyed.  Excision  i 
parts  will  rarely  be  required  if  the  case  be  got  under  treatment  siifBfl 
early. 

Tonsillitis  and  Bron^topneutmmia, — The  treatment  of  ihoAe  afie 
presents  no  special  feature,  and  should  be  conducted  on  ordinary'  In 

F.  FwRU  CjdQ 
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CHICKEK-POX 


By  J-»as  MacO^ubik,  M.D. 

STSOJfTMS, — FariceJht   Fariola  ertfsiallina^  CrystalU ;   Ger.   J^assffrpodceny 
VarifflUit^  fVml}itKtimt  etc  j  Fr.  VaiifrUt ;  Ital.  VtirkfUn. 
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\  SPECIFIC  mfectiouB  disease  characteri8e<l  l>y  a  veaicular  eruption  whicU 

lly  a[>pcars  in  succesaivo  crops. 

Chicken  pox  was  long  cunfuuiuled  with  sinaU-[X)x,  but  since  Fuller  in 
ItSOAml  Hebenleri  in  1 767  diirereiitiated  the  two  diwaiiea  no  authority 
»f  eminence,  except  Hebra,  ha.H  nffirmcd  their  identity.  The  strongest 
p^uls  in  support  of  their  non-identity  are  that  neither  chicken-pox  and 
«nuil]-po.x  nor  chickcn-jx}x  and  vaeciiiia  are  mutually  protective,  and  that 
ckickcn  pox  breeds  true.  Several  instances  have  come  under  my  observa- 
tiiin  i)f  vaccinated  children  between  three  and  six  years  of  age  who 
*uffewl  from  ohicken-|X)x,  contracting  snudl-pox  after  a  sliort  roaidence  in 
J  4iaal)-pox  ward;  and  I  have  vaccinated  with  buocoss  numbers  of 
'lo^'iccinatcd  children  auflering  from  chicken-pox. 

Chicken-pox  arises  solely  from  contagion,  by  direct  contact  with  the 
ack,  by  ihe  air  for  a  short  distance,  by  third  pci-sons  handling  the  sick. 
**  Ijji  mean.'?  of  infected  articles.  Many  investigators  have  tried  to 
inyciiJale  chickt-n-pox,  but  with  the  exception  of  tles.^a  and  Steinnr,  wlio 
>Utc  that  they  have  done  so  with  success,  all  have  failed.  In  my  experi- 
«we  it  is  ft  highly  contagious  disease— its  infectiviiy  being  noarly,  if  not 
*|uite,  equal  to  that  of  snuiU-pox.  It  prevails  occasionally  in  epidemic 
fortn^  but  is  moatly  endemic  Its  highest  seasonal  prevalence  is  perhaps 
^  autumn-  Insusceptibility  to  its  contiigium  is  not  tuicommon,  and  one 
*tta(;k  u.siuilly  protects  foi'  life.  Secf>nd  attacks  have  Ueea  recorded  by 
Trouateim  and  others,  but  they  are  "piite  rare.  *  A  week  or  two  only  may 
jj«p«s  between  the  primary  and  second  attacks.     Such  crises  might,  how- 

,  be  more  correctly  termecl  relajjses.     Some  German  physicians  have 

third  attacks.     I  have  not  seen  a  second  attack.     It  is  a  disease  of 

duidrun  mostly,  l>ut  it  occun*  not  infre«|uently  in  adults,  even  old  age  not 

^ng  exempt.     I  have  seen  seven  ca.seH  in  persons  over  thirty ;  one  of 
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theAe  was  a  woman  aged  seveniy-one.  The  age  of  maximum  incidence  u 
from  one  to  six  years,  but  it  oft«n  occurs  in  infants  under  tvclvr 
months.     Both  sexes  are  equally  liable. 

Morbid  Anatomy. — The  vesicle  is  fomiecl  by  an  exudation  of  verm 
raising  a  thin  layer  of  horny  epidermis.  The  serum,  at  first  clear,  in  MWJf 
cases  a  pale  straw  colour,  becomes  turbid  Inter  on  owing  to  the  presenreof 
a  few  Ipucocyte^s,  which  are  someLinit^s  present  in  such  lar^c  numVi^rs  tluU 
it  becomes  purulent.  I' una,  in  his  description  of  a  conical  chirkcn-pox 
lesion,  says  that  it  has  a  tent  form,  the  lateral  walls  rising  obliipiely  hoB 
a  broad  base  towards  the  centre  of  the  covering  which  is  formed  by  aler 
stretched  horny  scales.  Cellidar  partitions  radiate  downwanla  (r»nn  the 
covering,  contrasting  with  the  small-pox  lesion  in  which  the  partition* 
radiate  from  a  central  point  on  the  floor  of  the  pock.  The  cavity  propei 
of  the  chicken-pock  is  limited  below  by  the  deeper  strata  of  the  pridfli 
layer.  In  the  middle  line  the  cavity  extends  deeper,  to  the  level  of  tbi 
papilhe,  which,  swollen  and  enlargeid,  and  covered  only  with  one  or  tw 
layers  of  altered  epithelium,  project  into  the  cavity.  The  acnieitt* 
which  distinguishes  the  variceUous  process  is  evident  in  the  relativiA 
largo,  slightly  septate  eaWties,  due  to  the  rapid  distension  of  a  fr 
li(pte(ied  cells.  The  thin  covering  and  superficial  position  of  the  ve«r 
result  fi-oni  its  rapid  formation.  Notwithstanding  its  appearance  U 
vesicle  is  not  imilocular. 

Bacterlologry. — Bareggi  tlescribed  an  ovoid-sbai^ed  micrococcus  in  il 
white  blood -corpuscles  on  the  fifth  day  of  the  disease,  by  inoculatit 
cultures  of  which  he  has  communicai-ed  chicken-pox  to  children.  Guttmai 
isohited  white  and  yellow  staphylococci,  and  a  coccus  which  did  u 
liquefy  gelatin,  and  shewed  a  yellow  growth,  but  none  nf  these  i 
[Mithogenelic.  Kille  affinns  that  micro-organisms  nre  less  numerous 
the  suppurating  vesicle!*  than  in  the  others,  and  PfeifTer  describes  protoc 
as  present  in  the  vesicular  lluid  (iiuinon).  T)e  Kortt*  has  found  in  tlie  cle 
vesicular  scnim  large  numbers  of  unicellular  elements — protozoa — whi 
on  a  warm  stage  shewed  amLeboid  movements.  Ho  regar^ls  these  fts  t 
caUHid  nrgani«niH  of  the  disease. 

Incubation -Period.  Of  the  older  authorities  some  maintained  it 
I»e  less  than  a  week  (four  to  six  days),  others  a  week  to  fourteen  day 
the  most  recent  observations  go  to  prove  that  it  varies  between  t 
extremes  of  eleven  and  twenty-one  days,  fourteen  days  being  admitted 
the  most  common.  I  have  not  seen  it  less  than  thirteen  or  longer  thi 
seventeen  days.  If  inoculated,  tlie  incubation-period  is  stated  to  )>o  t 
days.  No  cases  of  chicken-pfjx  in  ufcero  have  been  recorded  ;  b 
IIub1>ard  records  a  case  of  a  luiby  that  manifested  (htckenqiax  the  d 
after  \\a  birth,  when  the  characteristic  vesicles  appeared,  followed  ncxtdi 
by  a  second  crop.  The  mother  was  not  suffering  from  chicken-pox,  h 
her  six  other  children  wera.  In  this  case,  either  the  child  contract 
the  diseasL'  in  ntero,  or  the  inculiati on-period  was  one  day. 

CUnlcal  Picture. — IniiUU  ttymptftms. — In  children  these  are  ntnl 
absent,  or  are  so  slight  that  they  escape  notice,  but  not  infmquently  tl 
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Qkild  ii  observed  to  be  fretful  for  a  few  houi^  before  the  appearance  of 
tkd  crnptiont  and  there  may  bo  slight  rigors  ^^'ith  rise  of  temperature  to 
99-IOU  F.,  and  some  loss  of  appetite  and  perhai>s  vomiiuig.  In  rai*e 
GM«i  the  attack  is  ushered  in  by  severe  symptoms,  such  as  delirium, 
eooTulsions,  coma,  with  or  without  pyrexia.  Thomas  records  a  ease  with 
« tem^ierature  of  106^  F.,  and  an  initial  geueral  erythema.  Otliera  have 
noted  a  scarlatina  form  initial  eruption  a  few  hours  before  or  on  the  day 
pieccding  the  vesicular  eruption.  I  have  met  with  a  case,  a  girl  of  seven 
\tvf>  of  a^^e,  shewing  a  bright  red  erythema  with  luiniorous  urticarial 
trheaU  The  rash  came  out  twenty-four  hours  before,  persisted  til! 
liortly  after  the  appearance  of  the  eharacterisrio  chicl<en-pox  eruption, 
iui4  was  unaccora|)anitid  by  any  symptoms  of  illncBs.  In  ha-morrhagit* 
ciwa  there  is  sliglit  rise  of  temperature  for  two  or  three  days  before  the 
(rufilion  appeal's  ;  repeated  hivniateraesls  and  ha-smorrhage  from  the  bowel 
laiy  v>ccur,  f<ilh)wcd  by  collai^&o  and  subnormal  tempcraiuro  ;  hicmorrhnges 
luy  appear  in  the  skin.  In  lulults  it  is  not  unusual  to  find  initial 
irmptoms  of  headaclie,  backache,  sh'glit  rigors  and  malaise,  lasting  for 
>«e,  hru,  three,  or  more  days  before  the  appearance  of  the  eruption,  with 
or  vithoQt  rise  of  temperature. 

Erupiivn, — In  chiKIren,  when  initial  symptoms  are  absent,  the  presence 
'i  llic  eruption   first  attracts  attotttion.      It  may  all  Rp|icar   at  once, 
<iii(i  will  then  probably  not  be  abundant.     But  in  a  very  large  majority 
*>f  the  cases  successivb  crops  appear  from  day   to  Jay,   usually  on   not 
more  than  four,  five,  or  six  successive   days,  sometimes    on   aa    many 
M  ten,  Willi    perhaps  one  or  two  days   intermitted ;   the   second   and 
tdiid  crops  are  often  more  abundant  than  the  first.     Usually  there  are 
^t  more  than  two,  thn^e,  or  foui'  cro|w  of  eruption.     Almost  invarial>ly 
*t  first   api>ears    on    the    Ixick,    chest,   and   abdomen,   but   occasionally 
^'H  on  the  face  or  limbs.     It  com^ists  of  small  rose-coloured  macules 
*hich  fade  when  the  skin  is  stretched  :    in  outline  they  are  irregularly 
f^^Ular  or  elongated,  their  shape  not  infrequently  foreshadowing  tliat  of 
*^e   sulH)ei|Uent  vesicles.      Occfiflionally   they  att-un   almost    the   size   of 
"loi,he«.     In  the  course  of  a  very  short  time — ;iii  hour  or  twn  usually — the 
"•'^iniis  are  raised  and  slightly  hard — not,  as  a  nde,  the  wull-detined  hard- 
**^««  of  small-pox  papules,  but  a  ditlitse  hardness;  and  many  are  faintly 
•cUttiiimted  in  the  centre  when  the  vesicle  is  just  beginning   to  form. 
®OHie  of  the  smaller  papules,  however,  become  hard  and  more  or  less 
fthoity."     The  lesion  is  usually  superficial,  being  moi*e  on  the  skin  than 
ttl  it,  as  is  the  case  in  small-pox.     Lesions  of  the  same  jige  shew,  in 
toany  cases,  great  disparity  in  their  evolution.     Some  of  the  macules 
never  emerge  frt»iu  the  macular  stage,  but  fade  in  the  course  of  twenty- 
four  hours ;    others  become    papules,  subsiding   after    a   day   or    two ; 
while  a   few  shew  minute   vesiculation,   and   others  become    fnll-si/ed 
>*emcle8.    After  the  appearance  of  successive  crops  the  eruption  is  present 
in  all  its  stages  :    macules,    papule;^,   clear  shining   vcsiclos,   desiccating 
ttnrupturcd  vesicles,  and  crusts.     The  vesicles,  which  are  often  smaller 
than  the  rose-coloiu-ed  macides,  arise  as  u  rul%  in  the  central  (>ortion  of 
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the  papulo-macules.    At  ibe  limit  of  their  growth,  which  mny  \ 
ill  from  six  to  iwonty-four  or  thirty-six  hoiirfi,  ihey  are  uirculiir 
an   elougatttl  dome-shape  and   tilled  by  clear  serum.      They   are  t«M- 
jiarciit,  shining,  tense,  and  collajise  if  pricked  mid  tlicir  coiiientfi  procMd 
out.     They  are  often  encircled  \sy  ^  pink  or  rod  areola,  which  miy  le 
broad  and  irregular  in  outline,  and  is  usually  narrower  on  the  face  xxv\ 
extremities  than  on   the   tnuik.      The  characteristic  vesicle  ia  not  dt 
pressed  in  the  centre  :  occjisionally,  however,  some  vesicles  shew  a  minute 
cenlnU  depression.      If  cii-cidar,  ibe  vesicles  vary  in  size  from  that  ul  a 
email  pins  head  to  a  fair-aizod  pea  ;  if  oval  or  elliptical,  their  long  diameKr 
measures  about  tbree-aixt^onlhs  to  three-eighths  of  an  inch.      When  tbe 
veaicle  rupturea>  the  whole  of  the  tiuid  may  escape  and  the  walU  coIlapM^ 
if  only  a  jwrtion  escape,  the  central  part  of  tlie  vesicle  collapse*  xa.m 
completely  than  the  jwriphcry ;  a  minute  cruet  forms  in  the  centre  4 
the  point  of  rupture,  thu  vcBicIo  then  shewing  a  centnd  depression.    Many 
of  thu  vesicles  get  i-uptured  by  scratching  or  other  forcible  means ;  bm 
some  Urge  and  many  small  ones  desiccate  unruptured,  forming  rounded 
light   to  dark  brown  prominences  of  various  sizes,  not   unlike  the  uit^ 
ruptured  dosiccatitig  vesicles  of  smal]-|X)x ;   the  desiccated  contents  u>d 
epidermis  fall  ofl'  at  periods  varying  from  five  or  six  days  to  two  or  thre< 
weeks,  exposing  a  reddened,  flat^  or  slightly  indented  epiflermis  on  whirl 
some  desquaniutiou  takes  place. 

Many  vesicles  soon  after  ni])ture  increase  in  size,  shewing  |iuckcnr* 
margins,  purulent  contents,  and  red  areola* ;  intlammation  and  ulceratioi 
take  place  underneath,  often  extending  considerably  beyond  the  origins 
limits  of  the  vesicle.  Dirty  yellow  or  blackish  impetiginous  crusts  fori 
and  come  away  at  periods  varying  from  alwut  a  week  to  ten  days  o 
longer,  often  leaving  an  ulcerated  surface  with  a  central  excavation.  Th 
ulceration  li&ils  (piiokly  jis  a  rule,  but  th*»  skin  remains  reddened  for 
considerable  time,  and  more  or  less  peiiuatient  pitting  results  in  mui 
citses.  Vlccration  is  more  frequent  in  children  than  in  adults,  and  o 
the  face  and  trunk  than  on  the  limbs. 

Most  vesicles  rupture  whilu  the  contents  are  clear,  but  some  remai 
unnipture<l,  the  senira  becoming  cloudy,  or  puiiform,  but  rarely  e 
frankly  pumlunt  :is  in  smallpox.  In  sonw*  few  cases  of  chicken-pox  ver 
little  Huid  exudes  into  the  vesicles,  in  which  uise  they  are  raised,  fta 
and  white  in  appearance,  not  unlike  a  small  empty  blister. 

The  vejHcles  on  the  hands  and  feet  are  almost  invariably  smal 
circular,  hard,  contain  a  little  Huid,  ouly  in  the  rarest  instAnces  shew 
central  deprt'ssion,  and  an*  often  inilistinguishable  from  the  vesicles  < 
modiHod  sniall-pox  ;  those  on  the  fore^irnis  and  legs  often  have  tbet 
charact^ra,  and,  if  the  eniption  l.»e  copious,  some  of  those  on  the  tnm 
likewise.  The  vesicles  may  not  exceed  a  dozen,  or  there  may  be  eom 
hundreds,  and  in  confluent  cases  several  thousands.  Often  there  an?  5 
to  lUO  or  200.  I  have  seen  an  eruption,  on  a  girl  of  fourteen  years  c 
age,  so  abundant  as  to  l>e  almost  confluent  on  the  tnuik  and  extremities 

The  eruption  appears  6n  the  mucous  membranes  usually  at  the  sam 
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tine  HI  on  the  skiD,  but  it  may  be  later  And  occasionally  precedes  the 
ikin  enipuon.  Commencing  as  small  red  isipulos  the  lesions  increase  in 
tt2^  !oon  shewing  commencing  vesiculation.  The  vesicles  are  mature  in 
Alxiiit.  twenty-four  hoiu-s,  U:iually  having  a  i«idene<l  b;ise.  They  rnpliire 
>hciri  time  .inci  co]Ih|>sc,  and  liave  the  appearance  of  email  empty 
with  red  areoJie  :  later,  shallow  nlcenitii)n  ensues,  in  moat  cases 
bulling  in  a  few  days,  but  sometimes  aphthuiu  ulcers  result.  The  lesions 
on  tbe  raucous  membranes  ai'o  usually  feu-  in  niunber. 

The  distribution  of  the  cniption  is,  in  the  majority  of  cases,  character- 
istic of  the  disease.  It  is  most  ubundaiit  on  the  trunk  and  sometimes 
ilso  nn  the  scalp ;  less  abundant  on  the  face,  anns,  and  ley?,  and  least 
<A  lU  on  the  hands  and  feet ;  the  |>idnis  and  wiles  W-ing  very  often 
[>«  from  eruption.  In  rare  oxceptiona  to  this  rule  it  is  found 
nK>r«  abundantly  on  the  face  and  extremities  than  on  the  trunk,  tbe 
i3i«riliution  resembling  tliat  of  small-pox.  It  also  appeurs  on  the  liuccal 
Qiiieoufi  membrane,  bard  and  soft  }>alate,  tongue,  jtbarynx,  tonsils,  lulva, 
male  genital  org-ans,  ami,  in  very  rare  instances,  on  the  larynx,  conjnnc- 
ura,  and  nrethra.  The  character  of  the  vesifular  eruption  varies  jis  a 
rilf  \riih  its  distribution.  Cii'cidar,  oval,  and  elliptical  vesicles  are 
cuiully  to  1k!  seen  on  the  trunk,  thighs,  and  arms ;  on  the  face  and  scalp, 
It^  and  forearms  they  are  mostly  circular,  and  on  the  bands  and  feet 
blmoia  invariably  so. 

Symptoms. — In  the  majority  of  instances,  chicken-pox  is  quite  a  mild 
ducaie,  and  free  fnmi  danger  to  life,  symptoms  of  \\\\\tM  being  usually 
•Kljfct,  and  rioraL-timcs  al)scnt.  Many  patients,  however^  especially 
«h«i  the  skin  lesions  are  fairly  abundant,  suffer  discomfort  from  the 
itdiinj;  and  iiTitation  of  the  vesicular  eruption  ;  and  there  may  be  re^t- 
)o^ie»  and  occasional  sleeplessness.  The  appetite  is  often  unimpaired, 
recovery  being  usually  rapid  and  complete;.  Painful  micturition,  with 
■■'inetiines  retention  of  urine  in  maltjs,  may  be  cau^iod  by  vesicles  on  the 
pnpoce  or  uitthra,  or  on  the  lul)ia  in  females.  The  pyrexia  is  as  a  rule 
Rninipoitant  and  may  be  absent  in  very  mild  cases.  If  {)resent,  the 
'fflipenuui-e  often  rises  concunently  with,  or  shortly  after,  the  comnience- 
ttiwit  of  e;4ch  crop  of  eruption,  usually  falling  to  normal  between  the 
wop*.  It  ranges  from  just  alKJve  normal  to  100  or  102'  F.,  sometimes 
riwngio  lO.T  or  104^  K,  nirely  higher.  If  the  lesions  heal  quickly  the 
^^TBxia  is  over  soon  after  the  last  crop  of  spots  has  apjtoared.  The  pulse 
ily  slightly  accelenited  in  the  milder  casts,  but  in  severe  attacks  it 
W  much  quickened.  The  severity  of  the  symptoms  and  duration  of 
l^e  anjtc  stage  depend  chieHy  upon  the  number  of  crops  and  abuudance 
Uie  eraption,  the  number  of  vesicles  that  Iwcome  mature,  the  degree 
etippuration  of  the  vesicles,  anil  the  number  of  lesions  in  which 
imnmtion,  ulceration,  or  necrosis  ensue  after  rupture,  great  variations 
ifi  i>bsi;i*ve<l  in  these  re.spects.  In  a  large  luimber  of  crises  the 
'^ptiired  vesicles  shew  little  tendency  to  inflammation  and  ulceration  ; 
Ain  crusts  form,  under  which  the  skin  heals  in  a  comp;iratively  short 
^nie,  while  the  vesicles  that  remain  unruptured  become  slightly  purulent, 
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shrivel,  and  desiccate,  the  dried  coiiteiiU  and  epidei'mis  fuUidg  olf  Ui  Uw 
coiu-se  of  ft  week  or  a  foii,iiight,  rarely  adhering  longer.  In  fiUcboM 
the  aymptoms  are  quito  DfgligiliW.  In  a  considerable  number  of  OM, 
however,  many  of  the  ruptured  lesions  exhibit  ulceration  under  tb» 
impetiginous  cruats,  while  the  niatm-e  unruptured  iHxks  become  moreot 
leas  purulent,  some  nipturing  and  scabbing,  others  desicenting  niiniptiuwL 
There  is  some  swelling  and  tenderness  of  the  skin,  the  {Kilients  beinff 
often  irritable  and  restless  and  exjxM'ieneing  pain  and  digcomfort  on 
movement.  The  degree  of  pyrexia  varies  considerably  ;  it  may  retch 
102  or  103  K,  rmcly  risingto  104'  or  10.>  F.,  filling  usiully  ftlioul 
the  end  of  the  first  week,  often  by  crisis.  It  does  not  rise  ugiiin  in  miny 
instances,  but  when  the  eruption  is  very  ubtuidant  ihwe  ntiy  be  a 
secondary  rise  of  tcmpoititure  during  the  second  week,  due  to  exteiuDu 
suppuration  under  the  crusts,  with  a  certain  degi'oe  of  dermatius,  and  io 
some  cases  slight  necrosis  of  the  lesions. 

When  tbo  eruption  is  very  abundanl.  in  some  instances  Bssuroin^'  '- 
slight  degree  of  conHuence,  there  is  conaidernble  swelling  of  the  skin,  willi 
much  discomfort,  constitutional  disturbance,  restlessness,  sIoeplcsdiiesMMl 
pyrexia.  Cases  of  this  nature  shew  considerable  roBeniblunce  lu  small-pm 
when  the  eruption  is  at  its  height  and  maity  of  the  lesions  are  punilen, 
especially  if  the  eruption  bo  copious  on  the  face  and  extremities.  Kmu' 
fiuppurati(jn  and  intlaninmlion  of  many  of  the  lesions  there  is  oftei 
secondary  fever  with  Bymptoms  of  some  severity,  and  superficial  nbscessf 
or  boils  may  follow.  In  some  instances  buUte  are  formed  by  jwriphcTi 
enkrgemetit  of  individual,  or  the  coalescence  of  adjoining,  vesicJeiS.  Tl 
bulhe  rupture,  ciiists  furm,  idceratiou  and  inflammation  of  varnng  extei 
following.  In  extreme  cases,  the  epidermal  coverin*;  of  the  bulla  conn 
away  in  large  masseit,  exposing  a  raw,  o<»zing  surface;  the  eympton 
increase  in  severity,  and  there  is  considerable  pyrexia.  If  a  large  ester 
of  slciii  be  involved  and  the  patient  be  very  young  death,  may  occu 
In  one  such  case  under  my  care,  an  infant  of  thirteen  niontlis>  tli 
erujjtifMi  was  extremely  abundant,  adjoining  vesicles  coalesceil,  fnrmiii 
large  buUa-i  fille<l  with  blood  stained  serum.  When  the«e  rupture4l  tl 
epidermis  peeled  off  extensively,  the  skin  l>ecAnirt  swollen  and  iudumei 
there  w;is  a  eontinuimsly  high  temperature.  lOJ  -103'8'  F. ;  from  U 
second  day  of  illness  the  pulse  became  very  rapid  and  increasingly  w«il 
the  child  dying  on  the  sixth  day  of  the  disease.  Nisbet  has  recorded 
case  of  confluent  cliickcn-jHjx  in  an  infant  of  eight-tuidabalf  month 
fatal  on  the  lentli  day.     CVntluent  eruptions  in  chicken-pox  an*  rare. 

Necrosis  following  seoitndary  jiyogenetie  infection  of  the  rupiuri 
legions  occasintially  occui"*  even  in  cashes  treated  under  quite  favuurjiij 
conditions,  while  among  the  children  uf  the  |>our  it  is  not  infrequent 
may  be  slight  and  limited  to  the  original  area  of  the  lesion,  not  exlcmliii 
deeply  into  the  oorium.  The  lesions  on  the  trunk  arc  those  most  fr 
([Uently  involved.  The  skin  under  and  surrounding  the  crusts  is  reddeiui 
and  induratetl.  On  the  sepanition  of  the  erusu  ulcers  of  varyiug  size 
with  central  excavations,  aT-c  exposed,  which,  on  healing,  leavo  oval  < 
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TWiml  pits  ftoconJiii^  to  the  sha{>o  of  the  primary  lesion.  There  is  usiuiUy 
Iclifile  disturltfthce,  but,  unless  n  oonaidcpablo  luimber  of  lesions  be 
iiiwlved.  tht)  sytuptoms  are  not  severe.  When  necrosis  nffocts  the 
ikifl  more  dcepty  ibe  disease  assumes  the  gravity  uP  giingrcnoua 
chicken-pox. 

(pinyrrnrnw  Chidcn-pox. — The  number  and  situation  of  tlie  lesions  in 
igrene  ocuiuit,  and  the  depth  and  extent  of  the  surface  involved 
it'h  in  different  casca.  The  scalp  and  trunk  are  the  favourite 
Ktnfionfi ;  in  many,  necrosis  is  limited  to  the  skin,  but  in  othei-s  it 
nteods  more  deeply.  The  lesions  shew  firmly  adherent  grey  or  I)lack 
fifttt^ncd  scAbfi,  with  irregular  pustular  Jiowlers  and  red  areola*,  necrosis 
taking  place  under  the  scabs.  AH  degrees  of  severity  lU'e  met  with,  irom 
cocaptmlively  superficial  to  very  deep  lesions,  the  former  being  much 
■ore  frtf<(Uently  seen  than  the  latter.  Sometimes  neighbouring  lesions 
Qoite  to  form  large  sloughs.  After  a  time  the  sloughs  se|tarate,  exposing 
dinply  defined,  conical,  nlcemted  excavations  of  varying  depths,  in  rare 
cues  10  deep  that  portions  of  the  muscles  are  exposed,  or  the  bone  may 
belKired  if  the  sadp  l>e  affected.  The  lesions  usually  heal  quickly  after 
Mparalion  of  the  sloughs.  When  headed  the  skin  is  deeply  reddened,  the 
pitting  and  cicatrisation,  which  always  result,  I>eing  proportionate  to  the 
ikKTuaiftof  the  skin  and  underlying  tissues.  The  constitutional  symptoms 
iniy  ht  severe,  the  pyrexia  high  ;  pleurisy,  py;en)ia,  and  secondary 
lUcoBMS  may  follow.  Gangrenous  chickcn'[X)x  mainly  occurs  in  young 
rijiWiwi  under  four  years  of  age,  being  commoner  in  females  than  in 
radei.  When  the  lesions  are  numerous  and  deep  the  danger  to  life  is 
considerable,  especially  in  very  young,  unhealthy,  and  ill -nourished 
children,  death  sometimes  supervtm'ng.  Severe  cases  are  comparatively 
rare,  thuugh  the  slighter  degrees  of  necro«ia,  affecting  a  liniittMl  number 
of  the  lesions,  occur  not  infrequentl}'.  It  should  not  be  forgolten  that 
{[Uigreno  ie  a  pathological  conditiou  superadded  to  the  iiorntal  lesion  of 
cbicl(«n-p*>x  after  rupture  of  the  vesicles.  Unrui>turcd  chicken-pox 
^taacles  do  not  become  gangrenous. 

Utruuyfr/tUffif  Chickrn-pu^. — This  form  is  very  rare,  and  the  vesicles  are 
tuujilly  few  in  number,     l^irge  and  small  ecchymuses  appear  on  the  skin 

h  hfemoi'rhage  into  the  cutis  under  the  vesicle,  accompanied  by  hfema- 

ie»ij  ami  mekeua.  The  symptoms  are  severe,  but  recovery  usually 
*^e5  place. 

Vimplicaiion.^  ami  Stvfuel^ — Apart  from  the  secondary  affections  of 
tfcft  »kin  lesions,  complications  and  sequels  are  of  nu'e  occuirence. 
Eo**ipelfl8,  boils,  and  su{>orficial  abscesses  sometimes  follow,  and 
l^rtrtitis  has  Ijeeu  noted.  Larv'ngitis  hjis  l>een  recorded  by  Marfan 
w<i  Halle  in  two  cases.  In  one  the  dyspmea  was  so  urgent  that 
^T^heotomy  had  to  be  performed,  the  child  making  a  good  recovery. 
In  the  other,  which  proved  fatal,  a  shallow  ulcer  about  the  size  of  a 
I*»  was  found  *>n  the  posterior  [wrt  of  the  right  vocal  cord,  probably 
ite  result  of  a  vesicle.  Nephritis  occurs  in  rare  instances  during 
tlie  first  and  second  week  ;  recovery  from  it  is  usually  rapid  and 
_VOL.  II. — IT.  I  2  I 
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complete  except  in  unhealthy  children.  Broini  has  i*ecorded  two 
proving  faUil  sevcml  yeai*  later.  Bronchitis  and  broiichopneia 
occur.  I  hfivc  seen  a  ca«e  complicated  with  pneumonia,  and 
a  rather  weakly  infnnt,  developwl  bronchitis,  both  cjises  proving 
Acute  miliary  tiilx'iTuIosis  has  been  kriouii  t«  follow.  Periostitis  ( 
femur  (Stonier)  and  of  the  humcnis  (Brunner)  have  been  noted,  fol 
in  the  latter  case  by  double  parotitis,  left  otitis  niodiii,  and  pu 
pericarditis.  Acute  suppuration  of  knee  and  elbow -joints  with 
endocarditis  has  been  repoiled  l>y  Braquehaye.  Paraplegia,  i»i^ng 
in  convalescence,  has  been  noted  in  a  rachitic  child  a  fortnight  aft 
onset  of  the  disease.  Permanent  pitting  and  scars  are  a  ireipient  (ti 
of  chicken-pox.  Twusseau  noted  a  bullous  erui)tion  like  ]>emph 
lasting  six  or  eight  weeks,  occurring  fifteen,  twenty,  thiity,  or  fortj 
after  the  commencement  of  the  illness.  Mr.  Jonathan  Hutcbins 
recorded  a  number  of  cases  that  were  followed  by  a  persistent 
]mpular  aiul  vesicular  symmetrical  crui>tion,  avoiding  tlexures^ 
to  affect  tlie  soles  and  pilma,  and  very  intractable. 

J)nration. — In  cases  uncomplicated  b)-  ulceration  or  pangi-ca 
acute  stage  lasts  two  or  three  days  if  theits  be  only  one  crop  of  v 
three  to  seven,  if  several  crops  a]ipeju\  and  sometimes  seven, 
twelve  days.  Convalescence  is  usmilly  rapid.  Infeclivity  lasts  fro 
appearance  of  the  eriiptiun  until  the  skin  is  free  of  crutits  and  dcsU 
iniruptured  xesioles  and  pustules.  In  miitiy  cases  a  fortnight  siiffie 
this,  but  lis  some  of  the  crusts  and  desiccated  vesicles  and  pu&tulc« 
to  the  skin  more  tenaciously  than  others,  the  process  may  not  en( 
three  or  four  weeks  from  the  commencement  of  illneas.  The  des^ 
that  follows  after  the  healing  of  gangrenous  surfaces  is  not  to  be 
as  contagious. 

Chicken-pox  frequently  co^exists  with  whooping-cough,  acarleC 
measles,  or  diphtheria  (ride  p.  843). 

Diagrnosis.   -The  differential  diagnosis  of  chicken-pox  and 
(for  which  disease  it  is  most  commonly   mistaken)  is  discussed 
article  "Smallpox  "  (p.  o22).     Acne  and  vesicular  and  pustular  sy| 
emptions  should  not  cause  much  difficulty.      In  impetigo  contflgic 
face  is  mostl}'  affecteil,  the  trunk  rjirely,  the  mucous  membrane 
mouth    not  at  all.      In   molluscum  contagiosum   the   small    tumot: 
umbilicate^l  and  filled   by  a  soft,  white,  granular  8ul>stance  that 
easily  »]ueczcd   out.     Small    [)atchos   of   herpes   on    the  abdoi 
chest  may  look  not  unlike  chicken-pox.     By  the  aid  of  a  lens  the  i 
vesicles  can  bo  seen,  and  any  doubt  removed. 

Treatment — Mild  cases  do  not  require  special  treatment,  bti 
advisable  when  the  eruption  is  at  all  copious  to  keep  the  patient 
for  a  short  time  and  to  give  light  diet  if  the  appetite  be  impaire 
dusting  powder  composed  of  pulv.  acid,  boric,  zinc,  oxid.,  and 
in  equal  proportions  will  often  relieve  the  itching  and  discomfort 
J,  D.  Kolleston  recommends  a  l>oric  bath,  night  and  morning  (bor 
crystals,   1  oz.   to  1  gallon  of   water).       Qe  finds  that  the  cu 
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fmtAiion  and  itcliing  iire  relieved  by  this  means,  the  tendency  to  Rci-atch 

],   ihe  fiuhseiiuont  dermatitis  being  reduce*!   to  a  niininnim.      In 

■  ctrect  the  eurly  separation  of  the  inipotiginous  cnisU,  Iwric  aeid 

drefiio;?j  or  fomentnliuns  should  he  employed.     I.irit  swiked  in  olive  or 

cii«lor  oil  is  A  useful  application  when  there  is  troulilesome  utoeration  and 

crartini:.     If  gangrene  set  in,  boric  or  other  suitable  fomentations  may 

Miilied.       HiRmorrhnjiic,  gangrenous,  and  severe  cases  refjuire  careful 

.:  ^.  Ample  nourishnient,  and  sometimets  alcoholic  stimulants. 

John  WacCombik 
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SMALL-POX 

By  John  MacGhmiiir,  M.D. 

oYxoxTMS. — Arabian  (Ra20s), /(/rf"//;  Latin,  Faiiola  or  Vaiioiir  \  French, 
hi  jiftttr  f'ririie ;  Ital.  Vajnoh ;  Span.  fintfUis ;  (ierm.  lilattrni, 
Mtn»cheiipf»'ktn  \  Danish,  Kirppn^f  Modern  CI  reek,  MvKoyia.  In 
Scotland  still  ivritten  The  Pods  (pokes  or  pockets  of  matter). 

l^flnlUon. — An  acute  infectious  disease,  characterised  by  pyrexia  and  a 
S^finl  eruption  of  minute  red  miicules,  which  iti  about  eight  days  paB,H 
^rongh  the  anccesaivrt  sta^es  of  papule,  vesicle,  and  pufltiUe. 

History  and  Prevalence. — See  p.  707. 

Susceptibility. — Of  nnvaccinated  persons  very  few  are  insusceptible 
^  iiiiull-pox  ;  this  insusceptibility  bus  bcuti  vaiioiisly  estimated  at  from 
I  to  o  p«r  cent.  Probably  it  is  not  more  than  1  or  2  per  cent ;  and  most 
ttsoeptible  {leraons  contnict  it  on  first  exposure  to  infection.  SutuU-pox 
AtiAcks  all  races,  but  the  negro  is  believed  to  be  the  most  susceptible. 
Hospital  records  shew  that  more  males  are  attjickcd  than  fcmalej*. 

It  is  said  that  infants  are  not  »u  susceptible  to  small  po.\  as  children 
Kod  Jidiilt«,   but   this  is   doubtful.      Of   infanta  subjected   to   infectiou 
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that  havo  como  under  my  obscrvatioli,  I  have  seen  only  one  thnt  (lilei 
to  contract  the  disease,  uiul  that  wa^  a  child  born  dt  the  frill  tint 
during  tht*  coiivalesceiieti  of  ihu  motiitM*  from  an  atuiok  of  discrete  iruU- 
pox.  There  wiis  no  evidence  that  the  child  had  hml  small-pox  in  awra 
It  wiw  iiisUBceptible  not  only  to  small-pox — so  fur  as  a  month's  re«id«Dct 
in  a  ward  full  of  smallpox  patients  without  contracting  the  diseiucm 
evidence  of  its  insusceptibility — but  also  to  vaccinia.  Infants,  as  »  rok, 
are  le^^s  ex[X)secl  thau  children  and  adult«,  not  only  to  the  infection  of 
amallfwx,  Imt  to  that  of  other  infectious  diseases. 

Prot'iuuicy  ntid  childbirth  do  not  appear  to  increaae  the  suweptibili^ 
to  8matl-i>ox,  nor  do  persons  sufiering  or  couvalescent  from  other  aotU 
infectious  dise^iscs  appcfir  to  he  more  susceptililc  to  it  than  those  in 
onlinary  health.  Ou  the  contrary,  there  is  sumo  reason  to  believi-  tbt, 
in  the  acute  sUigo  at  least,  they  are  leas  suseoptiblo  to  it  than  are  heftlcfay 
persona. 

In  countries  where  small  jj^jx  hud  been  widely  prevalent  for  ^*eufin' 
lions,  it  wa.%  before  the  introduction  of  vaccination,  a  discuiso  maitilrnf 
children,  a-**  are  scarlet  fever,  measles,  whooping-cough,  and  diphtheru 
at  the  present  day ;  nearly  all  susceptible  individu;ils  contractofi  ii  in 
infancy  or  early  cliildhood,  and  the  miijority  of  ihc  siirvivoi-s  were  tbepeby 
protecte<l  against  it  for  life.  But  when  itattaeks  an  unv:iccLnatod  pofrali' 
tion  fur  the  first  lime,  or  after  a  long  period  of  immunity,  all  agw  »« 
afiecte<l  alike. 

Small-pox  has  at  one  time  or  another  prevailed  in  every  riuart<roi 
the  globe,  with  the  exception  of  Australia,  where,  although  intrwliKO^ 
on  several  octtisioiis  by  immigrants,  its  spread  has  l>eeu  promptly  check«l 
by  the  isolation  of  the  sick. 

Climate  and  Season. — -As  regjinls  the  influence  of  climate,  it  wouW 
appear  that  ftniall-i>o.K  ia  more  prevalent  in  tropical  than  in  temp«nit* 
countries.  In  the  former  there  is  said  to  be  lessened  prevalence  duiii^ 
the  hot  and  also  during  the  rainy  seasons. 

The  season  of  the  j'CJir  affects  its  prevalence  in  some  degree-  * 
tein{>cntte  climates  summer  is  the  season  of  least,  and  spring,  autud^ 
and  wint<;r  the  seasons  of  greatest  prevalency,  I  ha\e  fre(|Uently  notic* 
that  in  outbreaks  commencing  in  autumn  there  h:is  l>een  a  buddeti  dn 
in  June  of  the  following  year,  and  that  the  lessened  incidence  coniiuui 
during  the  summer  months.  It  is  not  proI>able  that  this  drop  is  due  on 
to  the  more  uiry  habits  of  life  in  sunmier. 

Horbld  Anatomy. — f^kin  ami  Mucous  .^femhmtitx. — The  most  recei 
investigation  into  the  pathology  of  smallpox  has  been  made  by  Counc 
man  of  Harx'ard.  IIi«  summary,  condensed  in  some  [>ari«.  of  the  le^sio 
of  the  skin  and  raucous  membnines  U  as  follows : — The  s]>ecific  Iesi< 
of  small-pox  is  a  focal  degeneration  of  the  stratified  epithelium,  t-acuoi 
in  character,  and  accompanied  by  serous  exudation  and  the  forniatii 
nf  a  reticulum.  The  ftdly  ilevelofied  proilnct  of  t^hese  proct«se«  is 
charnctonHtic  multilocular  i>ock  oi-  |jU8lule.  The  occurrence  of  thv 
lesions  is  aliarply  limited  to  the  stratified  epithelium  of  the  tkin  and 
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inncoiw  membranes.     The  IcKions  may  bo  few  or  numerous,  and  bear 
fixed  reUtinii  to  any  unaU^mical  slnictnre  of  the  »kiri.      The  lesions 
tliroagb  progressive  stiges,  and  reach  a  climax  of  development  about 
Uk  eighih  or  iiiiitb  day  from  iheir  start. 

The  typical  lesion  is  \ye»\.  seen  on  tlie  skin.  It  begins  with  degenera- 
tion of  the  cells  of  the  deeper  Inyers  of  the  epidcnnis  accompfinied  by 
noiiaUun  aX  first  aerous,  later  mora  or  less  cellular,  the  products  of 
tiocfa  *re  ecntaitieil  within  the  space*  of  a  relieulum  fornjcd  by  (h»gfnerate<l 
Nik  The  exudate  iticreascs  in  anionnt,  and  the  sjiaces  of  the  reticulum 
oki;^,  until  the  fibres  finally  rupture  and  the  lesion  Itecomes  a  diBtendwl 
pufttdc  This  development  may  lake  plac«  wholly  within  the  epidermis, 
ind  the  Hnid  contents  of  the  pock  be  separated  from  the  corium  >>y  com- 
[Mntlively  intact  cells ;  or  the  corium  may  form  the  iMitliini  of  the  pustule, 
in  which  case  there  is  usuiilly  net-rosis  of  the  papilhity  layei'.  The  sulv 
iklence  and  re[wir  of  the  lesion  (if  the  pustule  remain  intict)  are 
ittOBpaQied  by  the  removal  of  the  fluid  [)orlion  of  the  exudnte  by 
ihorption  and  drying,  luid  by  the  regenemtion  of  the  epidei'niis,  in 
llie  course  of  which  the  residual  mass  of  degenerated  epithelial  cells, 
leiKocyt«s,  and  debris  enclosed  Ifotwuen  the  two  layers  of  the  horny 
fpiderrais,  the  oM  and  the  newly  forniud,  ia  exfoliated.  The  complete 
ATolnUon  of  the  lesion  occupies  about  two  weeks.  Associatrtl  with  the 
Itfiont  of  the  epidermis  there  may  he  ce*Jemii,  cellular  infiltration,  and 
itdDorrluige  in  the  corium. 

The  lesions  of  the  mucous  membranes  arc  in  degree  proportional  to 
the  extent  and  to  the  severity  of  tho»e  of  the  skin.  At  an  early  stAgc 
of  licvelopment  they  resemble  the  lesions  of  the  skin,  but,  owing  to  the 
dirTfrent  stnicture  of  the  mucoid  membrane,  the  resemblance  is  lost  in 
ie  course  of  their  evolution.  In  tho  absence  of  a  rc^tniiniiig  horny 
iVM  the  degentMated  epithelial  cells  are  cast  otT,  and  the  vesicle  within 
ibt  eptdormifi  is  rarely  seen,  the  pustnle  never. 

Containod  within  these  le-sions  of  the  skin  and  nuicons  mcrabrancs, 

*wl  determining  their  specificity  and  occurring  chiefly  in  the  cells  of  the 

'    nnicosum,  is  the  parasite  peculiar  to  sniall-pox  ;  in  its  youny;er  or 

1  t.L.-^mic  form  it  is  present  in  the  protoplasm  of  the  epithelial  cells 

^"^  e*rly  lesions,  and  of  such  of  the  older  lesions  as  are  extending :  in  its 

'Ottaiuiclcju-  form  it  is,  for  the  most  \iM%  in  more  advanced  legions.     Ng 

P^J^ites  have  l>ecn  found  in  any  lesion  of  the  skin  in  which  repair  was 

**en  Ailvanced.     (For  a  description  of  the  iwrasite  cytoryctes,  sec  I*rof. 

■"ilichin's  article  on  the  "Protozoa"  in  the  volume  on  Tropical  Diseases.) 

Accom|Kmying  the  later  stages  of  the  specific  lesions,  and  siniuhiiing 

f'*^tn  in  other  forms,  are  others,  bleb  like,  in  which  the  entire  e]>idcrmi8 

*  elevate*!  by  fiuid  exudate;  from  these  the  panisite  is  absent. 

The  changes  that  take  pUce  in  the  vesicle  during  the  stage  of 
P*i«tuJation  are  described  by  Tuna  as  follows  : — From  the  fifth  day  onward 
^c  appeaninces  fin  the  vesicles)  completely  alter  ;  the  bloiKl-vesBels  are 
Ho\r  distinctly  dilated,  not  only  on  the  siu'faco  l>ut  through  the  whole 
^Uis.    A  full  stream  of  leucocytes,  attracted,  no  doubt,  by  'the  germs 
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lying  rieftfl  in  the  ti«sno,  runa  through  the  whole  cutis,  rcacbw  lb 
[japillary  layer,  invades  the  pock,  and  fills  the  easily  pro|>er  with  «)iiif 
corpuscles.  This  process  attains  its  acme  in  a  few  days,  aiwl,  \\  tie 
horny  layer  remain  intact,  the  whole  pustule  is  completely  filled  witli  whiu 
corpuscles  <aud  is  converted  into  an  almost  solid  tissue ;  but  if  the  borny 
layer  yieUl,  there  is  more  or  less  profuse  euppumtion,  which  lasts  fit 
a  time  or  rapidly  enilR  in  tlie  formation  of  a  crusts  The  spontsm^on 
pustulittion  at  the  end  of  the  first  week  is  without  doubt  to  lie  attriliuud 
to  the  poison  of  the  disejise  itself ;  the  prolonged  suppuration  miist  w 
tAinly  bo  ivltributed  to  the  addition  of  )>yogeneiic  organisms.  Uau 
ascribes  the  umbilication  of  the  vesicle  i>artly  to  reticular  degcneredoi, 
partly  to  epitlielial  fedema,  the  latter  being  always  limited  to  tlx 
periphery. 

Hair  follicles  play  only  an  nccidentJil  part  in  the  causation  of  lh« 
umbilication  of  the  vesicle.  In  a  coriKideniMe  number  of  ca«««  oI 
natural  small-pox,  owing  to  hypertrophy  of  the  papilke  at  the  site  of  lb 
pustule,  an  elevation  of  skin  is  seen  when  the  crust  has  fallen  off:  tht 
new  discoloured  epirlennis,  Iwin^  niised  well  above  the  level  of  iho  um 
affected  skin,  imiwirus  to  it  a  no<^lulated,  in  many  macs  a  tubcnntifc 
appearance,  xisually  mctst  marked  on  the  face.  After  a  time  the  hyina 
nfniia  subwides,  the  nodules  shrink,  and  the  skin  in  many  causes  n^uiK 
natund  smoothness. 

The  cbamctoristic  lesion  of  small -pox  develops  in  the  sldn,  lip 
tongue,  buccal  mucous  membrane,  gums,  hard  and  soft  palate,  toitoli 
anterior  and  postcrioi'  nares,  pharynx,  epiglottis,  larynx,  trachea  »*  fa 
as  the  bifurcati<m  and  occasionally  beyond,  .'ind  nirely  in  the  o-^ 
also  on  tlie  htwcr  part  of  the  rectinnf  the  anus,  the  vulva,  t 
portion  of  the  vagina,  the  scrotum,  the  penis,  glans  |>eni.s  atul  also  o 
the  conjunctiva  ;  but  not  on  the  hejilthy  conioa  or  on  serous  membmnes 

Some  authorities  stnte  that  a  iliphtheritic  condition  of  the  fauce*>tr 
]>harynx  occurs  not  infrequently.  This  appears  to  me  to  bo  a  uuAUik 
In  cases  with  a  large  amount  of  eruption  nn  the  fauces,  pharynx,  H 
p;ilate,  the  swollen  tissues,  with  ra^^ed  shreds  of  mucous  membrane  ^ 
epitheliiil  ib^bris,  often  present  an  appearance  not  unlike  the  dirty  die 
tegrating  membrane  seen  in  diphtheria.  That  faucial  dij)htbena  n* 
oceur  I  do  not  doubt,  but  I  have  not  seen  it  complicate  smull-pnx,  I 
have  I  seen  a  case  of  small-pox  followed  by  the  paralytic  sequel* 
diphtheria,  l^nt  I  have  noted  membrane  in  the  larynx  in  one  or  C 
cases,  and  once  in  the  tnicbcji,  similar  to  that  seen  in  laryngeal  m 
tracheal  diphtheria.  If  there  l»e  eruption  in  the  larynx,  the  nuioe 
membrane  is  swollen  and  injected,  itften  shewing  minute  ecchymoscs. 

Lhwi»  and  PlmrfF. — Bronchitis,  bronchopneumonia,  hypostatic  ct 
gcBtion  and  pneumonia,  lobuir  pneumonia,  pleurisy,  and  empyema  an  . 
met  with. 

The  Musrhs  shew  granular  and  fatty  ilegetieration. 

The  llniri  is  pale  and  flabby,  shewing  cloudy  swelling  and  fat 
change.     The  blood  is  dark  in  colour  and  coagtdates  slowly.     There 
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Mmc  de^cree  of  loiicocytoais  in  tho  stnge  of  ]>ustulation  nnd  litter,  hut 
[)erli.if>s  not  ah  much  as  in  some  other  ncute  infections. 

Ahihimtud  Ori)an.<. — The  livfr  may  l>e,  but  is  iiot  usually,  congested. 
Inniso-8  (lying  after  the  fifth  d.ay  it  i8  generally  enliirgorl,  Ix^ing  jiale, 
ttfti  and  shewing  considcraljlo  fatty  change,  wtih  infiltration  of 
Imcocyt^s  lietween  the  cclis  of  the  lohules  and  into  the  interlobular 
9pwD&  Oocaaionally  there  is  thronihoais  of  minute  vessels.  The  ^tUtut 
isiocrea«e<l  in  size,  tho  Maipi^hian  bodie*  beitig  cnhirgcfl^  the  pulp  soft  and 
infiltrated  with  leucocytes,  the  mononuclears  predorain.iting.  Nucleatetl 
ml  corpuscles  are  found.  In  rare  cases  there  are  thrombtMsOs  of  minute 
rencls,  and  celltihir  necmacs  ;  sometimes  there  tire  hienion'hnge8.  The 
Ma^  ahi^v  intei'stitial  or  tubal  inflammatory  ehanj^cB,  with  swelling  and 
ialtrdegcnemtioti  of  the  cortex.  Tho  mprarcuah  shew  cellular  infiltration 
flod  often  fatty  changes  in  the  cells.  The  intfAhuxl  tihm*us  mrmhtdne, 
etpocially  that  of  the  small  intestine,  is  congested.  Pcyer's  (HUchcs  may 
b*  congested  and  swollen.  Sometimes  ulceration  of  the  intestine  occurs, 
jgrobaUy  due  to  minute  emboli.  The  tes/ichj!  shew  in  some  cases 
{Mrenehymatoua  inflammation  and  anaanic  focal  necroses,  which  ap|>eiir 
to  bo  specific  to  the  disease.  In  other  eases  there  is  intlfimmation  of  the 
tunica  vaginalis  with  fibiinous  effusion. 

it(mp}utiir  iUawU. — Some  nbservera  have  found  load  necroses.  Kogcr 
sivT!  that  the  changes  are  analogoiut  to  those  found  in  leuko?mia. 

B'mf'Mnrnnc. — There  are  focal  necroses,  hyperplasia  of  myelocytes, 
\saX  II  reduction  or  absence  of  polynioii)lionucleai'  leucocytes. 

Hmiti  and  Spinal  Cord. — Occasionally  cerebral  hemorrhage  occui-s  from 
nipliire  of  a  vessel,  ami  a  large  (quantity  of  blood  is  extravasated.  In 
iat«t  cases  of  coma  nothing  is  noted  except  congestion  and  oedema  of  the 

ningeg,  anrl  in  some  cases  hiemoirhage  under  the  pia  mater.     Zuelzer 

oMerved  haemorrhages  into  the  nerve«healhs, and  it  is  not  imi»rolnible 
thiit  5ome  of  the  nervous  scfjuels  may  t>e  due  to  minute  hiemorrhages  in 
tbe  cerebrum  and  spinal  cord.  In  some  cases  of  piraplegia  small  fod  of 
wfujiiing  have  been  found  in  the  gi-ey  and  white  subslaneo  of  the  co!*d. 
feicii  and  Schamherg  reconl  a  case  of  complete  jwuajjlcgia  with  inctm- 
enc©  of  unne  and  faiccs,  in  which  there  was  gieat  softening  of  the 
^'^\  in  the  region  of  the  lower  dorsal  and  upper  lundiar  vertebra'.  When 
*lit  dnni  was  punctured  the  .sofrene<l  cord  ran  out  like  pus.  In  some 
CMe*  diffuse  myelitis,  affecting  mostly  the  anterior  horns,  is  found. 

Morhid  Analoiny  uf  lliFmoirhujic  I'mf-it. — When  suIj-  and  penvesicular 
"*morrhage  tjikes  place,  it  is  into  the  whole  thickness  of  the  cutis  ; 
''lit  the  serum  exuded  from  the  hemorrhagic  surface  is  nearly  always 
"®e  from  haemoglobin  or  bloofl-corpujicles. 

The  early  cbatiges  in  the  skin  arc  t^imilar  to  those  observed  in  the 
elopment  of  the  pock  ;  swelling  and  degeneration  of  the  deeper  cells 
P*  llie  e]iidermi9.  with  dilatation  of  the  blood -ves-seU  of  the  corium  and 
■''^niorrhages,  mostly  in  the  pfipillary  layer. 

The  purple  petechiie,  and  the  inky  or  deep  violet  coloured  circular 
■potB,  are  wuwed  by  luiMiiorrhage  into  the  cutis,  which  sometimes  extends 


488 


SYSTEM  OF  MEDlCiNB 


to  the  subcuticular  tissue.     It  is  probable   timt  these  skin  haeinoi 
ftre  due  to  transudation  of  the  red  corpuscles  through  the  wnklli  of 
capillaries.     The  bniibe-Iike  swellings  are  causerl  by  hieroonhage  ic 
subcutaneous  au<i  intermusctilar  connective  tissues. 

Subconjunctival  and  retinal  hivmori'bagos  occur.     Deep-seated  hmt 
rhage*i  tjike  place  inlx>  the  muscles,  cont»ective  tissue,  and  niedia*tiiiUB,J 
Snbpleural    ha'Riorrhages —  nsceral,    |)arieial,   and    diapbragnintic— jib 
hiemorrhages   into    the    lung   sulwtance,    ai'c    common.       .Subpf-riioiie 
hamiorrhayes  occur  on   the  surfjice  of  the  liver,  spleen.  |>ancrc**.  mr^n- 
tery,  and  targe  and  sraall  intestine.     Extensive  extravasations  of  hU 
take  place  in  the  loose  tissue  and  fat  round   the  kidney's,  ami  cxI 
aloni;  the  course  of  the  psoas  muscle  into  the  pelvis.     Hffiinorrhagtt 
the  liver  and  spleen  are  very  rare. 

Kidn^'i/.-t. — SubijcApsular  hn'moiThagea  are  of  froquent  occurrence, 
hammrrhage  into  the  curtex  and  pyramids  is  very  j-aro.     There  is  ofiwii 
copious  extravasation  of  blood  into  the  tissues  between  the  calicc«  »t\d 
the  substance  of  the  kidney,   whereby  the  calices  are  compre«8ed, 
some  of  thorn  detached  from  the  papilUe,  the  space  being  titled  ^rith  bl( 
On  longit(Udinal  section  of  the  kidney  the  blood-clot  appears  t«  fill 
calices  and  pelvis;  on  closer  examination,  however,  it  is  seen  that  it  lies 
not  in  the  calices  and  pelvis,  but  between  these  and  the  kidney  sul)6tAnc 

The  lirer  is  usiudly  normal  in  size  and  colour,  but  it  is  sometii 
dark  ;  fatly  change  h;i8  been  note^l  in  some  instances. 

The  sjtki'H  is  usnally  small,  firm,  and  dark,  but  somoiimefi  it  i* 
enlarged,  and  may  shew  h.-emorrhagea,  infarcts,  and  nucleated  l*** 
corpuscles, 

Hscmorrhagcs  occur  into  the  mucous  coat  of  the  bladder,  utert^^ 
vagina.  Fallopian  tubes,  ovaries,  testicles,  bone  -  manron-,  synov*^ 
membranes  and  cavities  of  joints. 

Bou^-Marrow. — ^There  is  increase  of  the  nucleated  red  cells,  dimimiti*'* 
and  fatty  degeneration  of  the  whito  cells. 

lyujeifivf  Si/nieiu. — Haemorrhage  occurs  into  the  mucous  membrane  ^ 
mouth,  pharynx,  and  nose.  In  the  stomach  there  arc  often  muMea  «'^ 
email  red  unri  purple  haemorrhages  in  the  mucons  and  snbcutaneof^ 
I'oatj*.  They  occur  in  the  large  and  small  intestine,  and  also  in  lb' 
rectum. 

Jieati  ami  Bhutl-tvsitth. — In  pure  hieraorrhagic  cases  the  heai*t  is  cui9' 
tmctcd,  firm,  and  dark-brown  in  colour.  The  cavities  conUun  little  i  ^ 
juiy  blood  or  clot,  and  the  arterial  trunks  are  usailly  ftlmosi  ompey-' 
Humiorrhuges  wcur  imder  the  pericardium  j»nd  endocardium,  but  not,  »^ 
far  as  I  have  seen,  in  the  vnlvea  or  blo(xi-vcs.scIs. 

Contagrlousness.— Boerhaave,  at  the  beginning  of  the  eighteenth 
century,  first  pnived  that  smallpox  was  sprcjul  by  contagion  exclu.sirely, 
although  its  contagious  nature  had  for  a  long  time  been  known.  Since 
the  Brahmins  and  Chinese  practised  inoculation  it  is  prob«l»Ie  that  they 
recogniseil  this  feature  of  the  disease.  The  Arabs  were  cognisant  of  it, 
anrl  it  ^vas  known  in  England  as  early  as  the  fourteenth  century.     Tlic 
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eodUgion  may  be  either  direct  or  indirect,  and  there  is  good  evidence 
to  shew  that  the  vims  may  be  cHrried  from  a  small  -  i«x  lioapital, 
bv  tiie  nir,  n  cnnciderahle  distance,  without  losing  it*  infectivity.  The 
rinu  enter*  the  iiuman  body  by  the  mucous  membrane  of  the  nose, 
ornith,  ur  reitpii^aturv  Liitct;  some  believe  also  by  the  mucous  membrane 
oj  the  stomach.  It  may  be  commitnioated  from  the  sick  to  the  healthy 
Inr— (dj  Persons  siiflcring  from  small-pox  ;  {A)  Bodies  of  j>erf?ona  who 
l»re  died  of  sniall-iKtx  ;  (f)  Infected  article*,  and  perlia|is  hy  flies  and 
doneetic  animals;  id)  Healthy  thirti  persons;  (c)  By  the  uir  to  persons 
liviDgat  some  distance  (aerial  infection);  {/)  Inoculation. 

(u)  8mAlJ-pox  pHtienlsare  capable  of  conimutiicaling  infection  to  others, 

[wrlitps  during  the  stage  of  incubation,  certainly  during  the  initial  stage, 

ukI  rigliC  through  the  disease  till  not  a  trace  is  left  on  the  »tkin  nf  desiccated 

piiimles,  scabs,  and  powdery  debris.     But  the  infcctitni  is  much  more 

rintlcnt  at  certain  stages  of  the  dise^ise  than  in  othoi's ;  it  is  most  >  irulont 

dtiring  veaicidation,  pustulatiun,  and   tR'ubliing,  less  ko  during  the  initiid 

sUgc  and  the  first  and  second  days  of  rash,  and  least  of  all  during  the 

iuoihataon-stage.     The  distance  at  which  a  single  patient  may  communi- 

cftie  infection  to  a  healthy  person  varies  (rora  the  closest  contact  to  a  few 

y.'inia,  much  dc[)ending  u[>oii  ihc'  ventilation  of  the  uiMirtment.    As  a  rule 

a  Kusceptible  person  will  he  infected  merely  bj'  entering  the  room  or  ward 

Ofriipitrd  by  the  pitient.       The  severity  of  an  aLt^ick  of  small  jiox  appears 

to  l>e  determined  more  by  the  personal  susceptibility  of  the  recipient  of 

the  contagion  than  by  the  severity  of  the  disease  in  the  person  imiuirting 

't      I  have  known  the  mildest  fonti  of  modified  -imall-ijox  in  one  person 

'o  cause  pure  ha-morrhaj^ic  small-pox  in  another,  and  vice  versa. 

{h)  The  bodies  of  the  smallpox  dead  can  communicate  infection. 

(r)  Infeci-ed  articlea  such  as  bedding,  weaiing  appjirel,  Imoks,  toys, 

ooina,  furniture,  rags,  or  anythitig  hamlle*!  by  patients,  ju-e  cjipftble  of 

ooiuninnicating  infection.      Infected  rags  have  frequently  given  rise  to 

outbreaks  of  small-pox.     Flies  and  domestic  animals  m;iy   possibly   be 

orrien*  of  infection. 

(</)  Healthy  third  persons  in  attendstnce  on  patients  maj*  communicate 
infection  to  others,  either  by  means  of  their  clothing,  or  by  the  hair,  which 
feadily  retiuns  the  particles  of  dried  small-jxix  matter  which  peimeate  the 
*ir  of  the  infected  room. 

(#)  It  may  be  conveyed  directly  by  the  atmosphere  from  a  smallpox 
QO^Ud  to  pei-sons  living  at  some  distance.  How  far  is  a  jioint  <m  which 
t^ew  it  great  difference  of  opinion.  Mr.  Power,  in  his  investigatinns  at 
the  Fulham  Small-pox  Hospital,  proved  that  the  incidence  of  small-jox 
wn;  ji  \Qx-y  exact  relation  to  propinquity  to  the  hospital.  The  incidence 
*»n  every  100  houst^s  within  the  speciid  area  (a  radius  of  a  mile  from  the 
htMpital)  was  as  follows: — On  total  area,  6  37.  On  small  circle  <one 
H^wrter  mile),  17-35.  On  first  ring  (quarter  to  half  a  mile),  9-25.  On 
**<^>iid  ring  (half  to  three-quarters  of  a  mile),  6K,.  On  third  ring  (thi-ee- 
<iaiirt<T  to  one  mile),  2'57.  The  influence  was  greatest  when  admissions 
^  liospital  were  beginning  to  increase.     The  comparison  held  gootl  with 


regard  to  successive  epidemics,  and  bo  did  not  regard  the  hospital 
tration  aa  respoiiaihie.  Or.  Barry  shewed  that  a  ^milar  inciHrnc*  ni 
eniiill-pox  around  the  hoR})iUil  prevailed  at.  ShetHeld  during  tbi«  efiidcmif 
of  1887-1811*8 ;  and  some  confirroatorv  evidence  of  a  like  cbaiacter  hfulwfl 
ohbLineil  from  other  localities  at  home  and  abroad.  On  the  other  hiod, 
many  medical  officers  of  health,  Kising  their  ojiinion  upon  the  maw 
recent  experience  of  the  incidence  of  sraall-pox  in  the  noighbourhwl  ul 
sniriUpox  hospitals  ^entnally,  are  di.sjwsed  to  regain!  the  valitlity  of  Mr 
Powers  conclusions  as  open  to  question.  Thny  hold  that  further  know 
lodge  and  investigjitions  are  necessary  before  a  final  judgment  can, 
formidateil  on  this  matter. 

(/)  Inocidation  is  not  practised  in  civilised  countries ;  it  is  illegal,] 
has  chiefly  a  historical  interest     Cjises  of  accidental  ino<^ulation  dtj, 
ever,  occur  occasionally,  such  a-s  inoculation  of  mother  from  her  ii 
breast,  or  vice  versa,  and  in  other  ways. 

The  Contaglum  of  Smallpox. — '["he  exjict  n-iture  of  the  spedfi 
c^ntagium  has  not  been  conclusively  determineri,  but  pi-esent  kuowledg 
favours  the  view  that  it  is  a  parasitic  protoz(k>n,  probably  a  sporozi'ion,  an 
that  it  i3  present  in  the  vesicular  l^Tiiph,  the  pustules,  and  the  TiIooiLm 

Incubation-Period. — When  a  person  receives  the  si>eciHc  infecliajf 
smallpox  there  is  in  most  cases  a  dclinite  interval  between  that  timi* in 
the  onset  of  the  earliest  symptoms,  during  which  no  apparent  deviAtH* 
from  normal  health  is  noted.  This  interval  VHries  in  different  individiuii 
between  extremes  of  five  days  and  twenty  or  more  ;  usually  it  is  ten  t 
twelve  days,  but  not  infrequently  nine,  thirteen,  or  fourteen  <la>* 
Curschnumn  reconls  a  case  of  five  days'  incubation  ;  Welch  and  Sthamhe" 
one  of  five  and  a  half  days  ;  I  have  seen  it  as  ahoit  as  seven  ;  sf 
Armstrong  {h\ncrt,,  1886,  vol.  i.  p.  7 1 5)  has  given  particulars  of  a  c«9» 
which  it  appeared  to  be  twenty-one  days.  Some  continental  iibtserVi 
have  noterl  it  to  be  twenty,  twenty-two,  and  twouty-ihroe  days,  but  so 
lengthened  inoubation-|>erioda,  as  well  as  the  extremely  short,  are  v< 
exceptional.  In  a  few  rare  eases  symptoms  of  mahiise  are  note*.!  fi*on»  ' 
datt^  of  reception  of  the  infection. 

Initial  Symptoms. — The  onset  as  a  nUe  is  sudden,  and  the  eiirl)' 
initial  symptoms  are  usually  severe  and  distinctive  of  the  disease,  1 
most  constant  symptom  is  headache,  in  most  cases  frontal.  It  is  oft 
intense  and  throbbing,  and  is  aggravated  by  movements.  Backache,  1 
next  most  constant  symptom,  is,  of  all  the  initial  sym]>tom8  of  smAlI-|]i 
the  most  characteristic,  headache  being  frequently  met  with  in  the  *a 
stages  of  other  acute  infectious  diseases.  The  backache  is  lumUir  o 
sacral,  is  usually  severe,  in  many  cases  excruciatingly  so;  the  j«un  ofi 
extends  from  the  sacnmi  down  th<'  thighs  and  leg«.  Both  headache  « 
liackachc  la^it  till  the  eruption  comes  out,  or  for  some  little  time  afl 
Rigors,  severe  or  slight,  are  often  present  from  the  commencomc 
Epigastric  |xiin.  acconi|Vinicd  by  nausea,  retching,  and  vomiting,  is  b 
an  early  and,  especially  in  childi-en,  a  veiy  usuid  symptum.  The  vomit 
and  retching  are  sometimes  excessive,  the  patient  ttoing  unable  to 
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SBwttest  quantity  of  nourishment.  Anorexia  and  tbimt  nre 
pteaent  in  every  ca.w.  The  fauces  ilrt  not  as  a  nile  present  any  ahnoiiual 
■ppMrtnco  ;  the  tonsils  may  l>e  enlarged,  and  in  hu'morrhagic  cases  purple 
hrmitrrhagefi  raay  be  noticed  on  the  soft  palate.  The  breatli  is  often  fetid 
ami  the  tongue  coated  with  a  wliite  or  dirty  white  fur  ;  the  skin  is  usually 
hot,  dry  at  first,  but  after^vanis  moist  oi-  even  sweaty.  Pallor  is  often 
markcij,  and  may  he  accompanied  by  coldness  of  the  extremities ;  but  in 
nutty  coses  there  is  flushing  of  the  head  and  face.  Constipation  occurs  in 
nearly  all  cases.  In  children  drowsiness  is  often  present,  and  octasionall}* 
cntrviilsions.  Coma,  rare  in  adults,  is  met  with  in  children.  ;tnd  may 
fvillov  co^^^llsions.  I  have  seen  profound  coma  laslinp  till  i\\v.  thiid  day 
of  the  eruption.  Delirium  is  sometimes  present  on  the  second  or  third  day, 
Knd  is  occasionally  marked  ;  but  is  usually  only  slight.  It  is,  however, 
S"meliraes  aecompanicil  by  paralysis  of  the  upper  and  lower  extremities. 
In  other  cfiscs  there  is  great  mental  disturbance,  with  loss  of  co-ordination 
of  movements,  and  aph.'isia ;  in  some  instjinces  the  patient  has  lieen 
iln.ii'jht  by  the  relatives  to  be  drunk.  Most  patients  are  sleepless  and 
Vertigo  is  by  no  means  rare.  Paraplegia  has  been  noticed, 
iL,.i  al.^}  retention  of  urine.  Prostration  often  acconipmies  the  other 
"mptoms,  and  the  patient  usually  lakes  to  Ix'd  or  sits  over  the  fire.  In 
=  menstruation  often  occurs  l>efore  the  usuid  menstnud  jieriod  ;  in 
'_;ises  mure  than  the  usual  fpinntity  of  blood  is  lost,  and  in 
faiemorrhfl^ie  casoa  the  amount  may  be  large  or  even  exeesaivc.  The 
nrine  is  diminished  in  r|uaniity,  its  sp<;eific  gravity  is  increased,  and  it 
iwuiilly  cont-iins  urates  in  abundance,  but  the  chlorides  are  diminished ; 
umin  !nay  be  present,  but  rarely  in  large  (piantity.  There  may  Ihj 
"l  in  the  urine,  but  this  occurs  infrequently,  and  mostly  in  cases 
t  aflerwanls  prove  to  be  hsemorrhagic.  The  temjwrature,  except 
some  hamoiThagic  cases,  is  high  from  the  onset  of  the  initial 
ptoms.  At  first  it  is  100"  to  lOr  F.,  and  may  reach  104  V.  on  the 
tday  :  on  the  second  day  it  may  ho  as  high  as  10')'  or  107'  F.  It 
liina  raised,  with  very  slight  morning  remissions,  mtlil  the  eruption 
t"i  out.  The  pidse  is  rapid,  often  110  to  ll'O  or  more  in  Aidults,  and 
It*  cliiMren  1.50  or  more.  In  most  cases  it  is  full,  fairly  strong,  and 
'*gnlar ;  but  in  cases  accomjunierl  by  much  deja'ession  it  is  weak  and 
'^fud.  In  pure  hemorrhagic  cases  it  is  often  soft  and  compressible  ;  sueli 
I**ient8  !U)t  infrequently  experience  a  sensation  of  cardiac  and  respiratory 
oppression.  The  respiration  is  quickened,  and  when  coma  is  present  it 
"^y  be  stertorous.     There  is  no  enlargement  of  liver  or  spleen. 

The   initial   symptoms  are    present  at  the  onset  of   the  disease  in 

*"*<^iimted  and  unvaccinated  subjects,  usiudly  abating  when  the  eruption 

?*^**ie«  out,  and  subsiding  when  it  is  fully  out.     In  vaccinated  persons  the 

'*tin|   symptoms  often   disjipppar  quite   suddenly   veiy   soon   after   the 

•Pl»e.iranco  of  the  eruption.     The  epigastric  pfiin  and  vomiting  are  usually 

J****8t  marked   early  in  the   initial  stage  ;   but  sometimes,  especially   in 

^^ftiorrhagic  cases,  vomiting  may  last  until  the  termination  of  the  disease. 

averuffc  duration  of  the  initial  stage  is  two  days,  but  it  may  not  be 


more  thiui  one,  or  it  may  be  three 


In 


more,       in  some 
^r.-uiual   in  on9t*t,  niilfl  in  charncter,  and  niay 


cases  the  initul 
be  cii  thBi\ 


8ym]>tonis  arp  ^r.irtual  in  on9t*t,  niiifi  in  cnarncter,  and  may  t>e  oi  m 
duratioa  ;  in  siicb  cases  the  attack  usuully  proves  milil,  h\H  the  converv 
does  not  hold  guod  :  jiatienta  \vhr>se  Hyraptoms  in  the  initial  Bt:«gf  w 
exceedingly  severe,  or  who  are  convulsed  or  eomatode,  may  paw  ihr«)agb 
mild  attocks,  but  most  cases  of  severe  smallpox  are  ushered  in  by  severs 
im'tinl  symptoms. 

Initial  Rashes. — Along  with  the  initial  symptoms  just  enumenifd,! 
series  of  eruptions  may  iippejir  on  the  skin,  which,  from  their  occiinvnce 
in  the  initial  stage  of  the  disease,  aie  known.. 'is  initial  rashes.  ThoM  mj 
be  divided  into  two  great  groups — (I)  the  ErythematouB,  and  (II)  tbe 
Hicmorrhagic. 

I.  ErtfthrnuUoun  Rtvihrx. — These  may  be  either  (n)  general  or  (A)  partial. 

(«)  Getirnil  Knf(h''mti,>. — These  are  usually  scarlatiniform  or  mnrhilli- 
form  in  appearance.     In  many  cases  they  do  not  cover  the  entire  surfikce 
of  the  skin,  limited  aieHS  l)eing  free  from  eruption.     Thev  are  umully  to 
be  noted  on  the  trunk,  limbs,  and,  to  a  less  extent,  the  face  aiid  nock. 
They  may  appear  on  the  first  day  of  illness,  more  generally  on  the  aocoikI, 
sometimes  on  the  third,  fourth,  or  even  fifth  day.     They  i>erj*i3it  for  a 
period  varying    from  two  to  five  days,  disappearing  in  some  iiislauccs 
before  the  chanicteristic  eruption  of  small-pox  comes  out,  in  other  case* 
sinndtaneouiitly  with  its  appearance,  and  in  others  not  until  one,  two,  or 
three  days  after  the  small-pox  eruption  is  out     They  roach  their  height 
in  from  twenty-four  to  forty-eight  hours,  and  often  disappear  completely 
twelve  hours  thereafter,  and  leave  no  stain.     In  other  caaos  they  iKiaa  off 
more  slowly.     The  general  erythemas  arc  of  more  fre<iuent  occurrence  in 
adults  than  in  children  ;  the  morbilliform  is  sometimes  seen  in  the  latter, 
hut  the  scarlatinihu  m  has  not  been  observed,  as  far  as  I  know,  in  any  one 
under  ten  years  of  age. 

The  ienflntiniform  erythcfiui  resembles  the  eruption  of  scarlet  fever,  but 
it  differs  from  it  in  being  usually  less  bright  in  tint  and  lesa  punctate  io 
chai-acter.  In  the  groins,  axillie,  and  flexor  siirfacea  of  joints  it  is  often 
of  a  deeper  tint  than  elsewhere.  It  is  not  raised  ;  it  disappears  on 
proKHure,  and  is  not  accompanied  by  vivid  faiuial  innammation  or  enlarge- 
ment of  the  cervical  or  subnuixillary  glands.  But  occnsiumdly  an 
intensely  vivid  lush  is  seen,  which  appears  sometimes  on  the  first,  more 
fre(|uently  on  the  second  day  of  illness,  covers  the  entire  surface  of  the 
Mn,  and  ia  at  first  of  a  uniformly  brilliant  deep-red  colour,  which  ui 
inie  bicmorrhfigic  rages  deepens  almost  to  the  lint  of  an  Indian  naX.  Il 
disappeai-s  on  jiressure,  is  often  the  precursor  of  grave  hifmorrbagic 
symptoms,  and  lasts  a  varying  period  :  in  h»m(jrrhagic  uises  it  may  Iasc 
till  death  ;  in  other  cases  until  the  second  or  thinl  day  after  the  appear- 
ance of  the  characteristic  eruption  of  small-pox,  when  it  fades  gradually 
iin<l  leaves  no  discoloration  of  the  skin. 

The  nutrifillij'onn  rrt/th^tiui  is  of  the  pink  colour  of  meaales,  is  very 
fiLlightly,  if  at  all,  iiiiecd,  disappears  on  pressure,  and  shews  in  p&rt4  tho 
crescentic  appearance  often  noticed  in  mea«les.     It  unially  reaches  iti 


hiiebt  witbin  twonty-four  houi-s  of  its  first  uppfaraiice,  :uul  UuIca  (juickly 
i  1  jiisi,  i)eforo  the  chAract^ristic  eruption  of  snuill-ix)X  uppeArs,  or  siton 
i-'aving  110  sUiii.  The  umctda*  are  from  the  (ir«l  larger  than  the 
uoniilc  ruaculn;  of  the  early  stAge  nf  inL'tialea  eni])tii>n.  T)ic  iiteh  sproHcis 
over  the  whole  ^^o^\y  more  quickly  thun  that  of  measles,  and  in  the  great 
niijority  of  instAnces  is  not  preccdetl  oruccompatiied  liy  catjirrh,  sneezing, 
or  cough ;  not  infi'e<juentty,  however,  there  is  considemMe  sutfiiaioii  of 
tJw  eyoa.  Crfirarial  rashes  have  sometimes  been  noted  in  the  inititd 
jUge  of  i«niall-pox. 

{b)  Partial  Enjth^mis, — Tlieao  are  usually  scftrlatiniform  or  morbiMi- 
fonn  in  apyjearance,  and  ntVoct  the  flexor  or  extensor  surfaces  of  joints 
^(1  ciroumscril>ed  area«  of  other  iwirta  of  the  akin.  If  limiUul  to  flexor 
stirfaces  they  arc  distributed  on  the  1ow*m*  part  of  the  abdomen,  the  inner 
mrfacM  of  the  thighs,  and  the  tlexor  surfaces  of  the  joints  of  the  ex- 
tltmitieB,  palms  of  hands,  and  inRte|>s  of  feet.  In  other-  citAes  they  are 
liiiut«d  t^>  flexor  surfaces  of  limbs,  or  to  the  inguinal  region,  armpits, 
vAti  of  trunk,  and  lumbar  region.  In  others  they  are  only  seen  on  the 
nt«n&ur  surfaces  of  the  exlremities ;  where  they  are  limited  to  the  l)ack 
of  ihe  hands,  the  wrists  or  above  the  wrists,  the  elbows,  knees,  and 
dorwim  of  feet,  and  the  extensor  surface  of  the  great  toe,  between  its 
imier  Ixirder  and  the  tendon  of  the  extensor  lotigus  hallucis.  They 
jijtpcar  from  the  first  to  the  fourth  day  of  the  disease,  and,  if  morbilli- 
are  very  .^lightly  if  at  all  raised  above  the  surface  of  the  siuround- 
sldn ;  they  fade,  sumetimrjs  before  the  eruption  of  small-pox  appears, 
frecpiently  shortly  after ;  but  if  they  appear  sinnittjincously  with 
cieristic  eruption  of  small-pox  they  do  not  fade  until  after  the 
from  two  to  four  days.  They  disappear  on  pressure  and  no 
itiing  results.  The  partial  erythemas  uppear  tt)  vary  a  gixxl  deal  in 
iracier  and  distribution  in  ditTerent  outlnreaks  ;  but  they  are  invariably 
)we<l  by  mild  attacks. 

II.  Iltttuftrrhagic  Hashfj=. — These  are  of  two  kinds — (1)  Petechial,  (2) 

Huo-erythematous.     They  appeur  on   the  first,  sceonrl,  or  third  day 

illness,  are  not  attended  by  itching,  but  sometimes  by  a  setiiiuition  of 

m  in  the  skin  of  the  affected  part,  are  not  ntised,  and  usually  precetle. 

sometimes  appear  simultAueously  with  the  characteristic  eruption  nf 

Jl-pox. 

(I)  f*ff«rhiiU  Uuji)te», — These  are  most  frequently  observed  on  the  lower 
l^miiiial  and  inguinal  regions — on  an  irregularly  shajwd  triangular  area, 
base  of  which   i^   formed  by  an  imaginary  horizont^d  line  across  the 
lomeu,  soinelimes  at,  sometimes  at>o\e.  sometimes  belnw  the  umbilicus, 
*pex  lieing  in  the  middle  line  between  the  thighs  four  to  five  inches 
btbe  puhes.     The  sides  of  the  triangle  run  outwurtis  and  upwards 
Its  apex,  parallel   to,  and   three  or  four  inches  below,  roui>art's 
mt,  to  the  great  trochanter,  and  thence  upwards  to  meet  the  base 
This  is  by  far  tfie  most  frequent  site  ;  but  in  some  cases  the  rash 
snds  on  the  lumlKir  region,  iind,  in  a  more  scattered  form,  up  the  sides 
the  chest;  sometimes  it  is  present  in  the  axUiie,  sometimes  ud  the 


neck,  afid  on  the  cheat  under  the  clnvicles ;  in  oibers  on  ibe  flc 
surfaces  of  the  joints.  The  rashes  vary  in  colour  with  the  viiryini;  [" 
jwrtions  of  the  ditferent  petechia'  present,  which  are  of  two  colours,  hng 
brifkrmi  and  thirk  purple.  The  bright  red  jieteehite  are  aniall,  ronr 
or  irrt^gular  in  outline,  vary  in  diitmetcr  from  a  jjoint  to  a  line.  ntv.  M 
deeper  in  colour  at  the  centres  than  at  the  edges,  and  fade  slightly, 
do  not  disappear  on  jiressure.  The  piir]>le  petochii«,  if  seen  when  mat 
their  appe.iranee,  appear  as  minute  pnr[)1e  dot.-^  which  s|>eedily  incr 
in  size  til)  they  are  one  to  two  lines  acro:^  and  are  round  or  iiregtilir  il 
outline  with  ilUJeHned  margins.  The  two  kindH  of  iMjiethia-  arc  ununllj 
present  together,  imparting  to  the  atfccte<I  areii  a  puri)le  hue  tinge<i  wHli 
red.  As  the  nish  inoreaaea  the  purple  tint  beeomes  deeper,  and  thi-  nA 
petechite  begin  to  fade.  If  the  piuple  petecbite  be  very  thickly  set  itt 
first,  they  coalesce  and  form  largo  areas  of  a  deep  purple  hue.  In 
fibdomi no-crural  triangle  above  mentioned  the  purple  petechia?  are  usu 
miwt  abundant  along  and  just  a))ove  and  below  Poujuirt'a  li^nmi*nt^  wl 
they  impart  to  the  skin  a  deep  purple,  almost  black  colour;  while 
skin  towards  the  margins  of  the  triangular  space  remains  of  a  mi] 
purple  and  red  hue. 

In  some  cases  the  bright  red  petechiee  only  are  present,  aod  nu^ 
cover  the  skin  of  the  alxiomen  and  lower  part  of  chest,  the  flanVa 
lutnK-ir  region,  or-  they  may  be  limited  to  the  groins  and  flexor  «urij 
of  the  joints  of  the  extremities.      If  extremely  abundant  in  thefie  £>i1 
tions  they  impart  to  the  skin    the   appearance  of  being  covered  bj 
punctate   scjirlot    rash  ;    but   on    pressure   their    petechial    chontrter] 
apparent  because,  wliile  fading  slightly,  they  do  not  disappear.     In  ol 
instances  the  purple  potccbia?  oidy  are  pi-esent,  and,  n&  a  rule,  erupt 
compo3e<l  of   thesii    are    less  widely  distributed    than    those   coini 
excluaivcly  of  the  bright  re<l  |x*tochiffi. 

There  is  another  furni  <jf  initial  rash,  not  very  often  met  with,  tha 
indistinguishable  both   in  distribution  and  in  appearance  from  ordii 
purpnni,  and  therefore  may  lie  luimed  "  purpuric  initijiJ,"  to  distin 
it  from  the  "petechial  initial."     It  consists  of  circular  purpuric  spots  11 
to  four  lines  in  diauu^r^r,  uf  the  colour  of  ink  or  of  the  deepest  \iole^ 
with  wt'll-dofincd  margins   an<l  regular  outline.     This  truption   has 
preference  for  the   Hexor   or  extenatir  surfaces  or  the  abdomino-cr 
triangle,  but  is  dirftributefl  irregularly  over  the  trunk  and  linil»s.  jind  ii 
uruiccompanied  by  any  other  initial  rash.     It  occurs  usually  in  childrci 
not  accomparn'cd  by  hitmorrhago  from  the  nnicous  surfaces  or  elsewh* 
and  the  spots   are  limited   in  number.     The  cbaractoristic  eruption 
sniidl-pox  appears  at  the  usual  time. 

(2)  PfJri'huheryUtfanttoiu!  JimJwit. — These  are  formed,  as  the  name 
plies,  by  a  combination  of  petechial  and  erythcnmtous  eruptions, 
erythema  may  be  general,  but  is  more  often  partial;    it  is  freqaei 
limitC4)  to  the  alxloniino-crural  triangle,  sides  of  trunk,  lumbitr  r^j 
lixillie,   neck,  and  tlr'xor  surfaces   of  liml)S.     It  usually  covers  a  U 
arou  than  the  petechial  portion  of  the  rash. 
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When  at  its  hoigbt  the  p«tochio-erythcmatou8  riish,  if  situated  iu  the 
ino-cnirul  triangle,  preaent^  a  red,  sometimes  a  deejj  re<l  colour  nt 

bordtftrs,  deepening  in  i-olouf  towards  the  more  central  jwrfcions,  where 

it  nllcn  iLSfiiimes  a  deep  purple,  almost  black  colour.     The  pL'techia'  are 

uaully  much  more  closely  set  at  the  central  portions  than  at  the  l^orders. 

Thti  ikin  18  in  most  cases  smooth,  but  \\\  some  it  is  faintly  raised  and 

owing  to  the  appearance  of  a  few  minute  vesicles.     Should  the 

6<'nr  recoA'cr,  the  erythema  disjippejirs  in  a  few  days,  hut  the  pet^chiip, 

!l\'  the  pui']:ile  tmes,  fade  slowly,  leaving  a  brownish  disfoloi-ation 

gradually  changing  to  yellow,  ultimately  disappeai-s  ti>mpletely. 

Tbe  petechial  and  petechio^rythematoiLs  rashes  reach  their  full  de- 
Ttlopinent  in  about  two  or  three  days,  are  usufdiy  not  raised  and  do  not 
itch.  When  accompanied  by  hwmatemesis,  hiemoptysis,  hfenioirhages 
fr'tin  the  mucous  surfaces  and  kidneys,  and  in  women  by  metrorrliagia, 
ihcy  almost  invariably  foreshadow  hiemonhagic  small-pox.  Tlie  lighter 
the  colour  of  the  |K'techial  portion  of  the  eruption  the  gieatcr  is  the 
rmt^whiiity  of  the  attack  ending  in  recovery,  and  convei-sely. 

The  Eruption. — The  chanictoristic  eruption  of  small  pox  api)Wirs,  as  a 
Pile,  forty -eight  hour?  aft«r  the  onset  of  the  initial  symptoms  ;  but  there 
»re  many  exceptions  to  tbi«  rule.  In  stjme  crises  a  solitaty  pjipule  appears 
oil  the  face,  hand,  or  elsewhere  on  the  first  day  of  illness,  and  is  not 
f"lli)wed  by  others  until  the  usual  time.  In  other  cases  riumerous  paptdcs 
•{t^iear  on  tlie  se^rontl  day,  followed  by  an  abiuidunt  eruption  on  thi^  third 
(iay,  aiid  occasionally  the  eruption  does  not  a]>peai'  until  the  fourth  day 
oi  illness.  The  earliest  papules  are  usttally  found  on  the  face,  arms,  and 
Udtcf  wrists  and  hands,  and  are  succeeded  by  others  on  the  trnnk  and 
lower  fixtrcmities.  The  bidk  of  the  eruption  on  the  lower  extremities 
i»  uft<.'n  a  da}^  hiter  in  ap|K*aring  than  that  on  thu  face  and  upper  ex- 
tremities. In  a  ntunber  of  rusof  it  appears  on  lUl  {mrts  of  the  >^kiri 
amiiluneously ;  in  others,  first  on  the  inner  surfaces  of  the  thighs,  or  on 
the  rates,  yimultiineously  with  its  appearance  on  the  skin,  t  he  er»iption 
Appeara  on  tbe  buccal  mucous  membrane,  the  tongue,  hanl  and  soft 
J»I>le,  fauc«a,  and  naso-pharynx  ;  also  on  the  \ulva,  sometimes  in  the 
Vtgiiia  and  in  the  lower  part  of  the  rectum.  The  eriii)tion  does  tiot 
oft<ii  aiTeot  the  (i-sophagUi*,  l)i;t  is  common  in  the  larynx,  and  occJLsionally 
is  the  trachea  as  far  as  the  bifurcation  or  a  little  lower.  I^metimes  a 
vnide  forms  on  the  conjunctiva,  but  never  on  the  heidthy  cornea, 
fiuicroft  has  recorded  a  nuH>  in  which  old  keratitis  with  juuunis  was 
pteaent  Ujwn  the  vascularised  portion  of  the  cornea  a  small  pox  papule 
•occurred,  which  underwent  the  evolution  characteristic  nf  the  specific 
Ittiori  upon  a  mu<x>u8  membrane. 

The  eruption  is  not  distribute*,!  uniformly  ;  as  a  rule  it  is  m<^l  abun- 
^mton  the  face,  scalp,  extremities,  and  back,  whilst  the  skin  on  the  front 

the  chest  is  less  aJTocted,  and  the  skin  of  the  abdomen  least     The 

tption  on  the  buccal  mucosa,  tonsils,  and  pharynx  is  often  directly 
F^portional  to  its  abiuidance  elsewhere.  Generally  speaking,  it  is  lesa 
abundant  on  the  flexor  stu'faces  of  the  elbows  and  knees,  and  in  the  axillio 


Hnd  groiiift,  than  on  the  extensor  «arfAce«.  On  the  &kin  iitfected  by  pet«dii» 
ervthcmittoiis  ntaheii  the  characteristic  cruptioti  of  small-pox  is  itsotUy 
sc^miy,  aiKl  it  niuy  be  absetit.  In  ii;aur:il  small-pox  it  varies  in  mmml 
from  a  few  humh-ed  vesicles  to  tens  of  thuiisjinils ;  and  if  it  be  di&ntu 
the  vesicles  nmy  sometimes  l)e  iioLwl  in  j;roiips  of  twus,  threes,  ajiJ  fi»w 
In  amall-pox  modified  by  vaccination  the  whole  of  the  eniptioii,  in  nw 
itistauces,  in  out  within  twenty-four  hours  from  the  appearnnce  of  llw  6n 
piipule  ;  but  iti  niitumi  snmll-p<jx,  especially  in  conHuetit  aiAe^,  the  (wfitilc 
continue  to  appear  until  the  third  day  of  the  eruption.  It  m;iy  frw^ncoii^ 
be  noted  that  the  eruption  is  more  eopioits  ou  areait  of  skiii  subjected  I 
8i)eci:d  pressure  than  elsewhere  ;  for  instance,  round  the  waist  in  wonet 
on  the  skin  of  the  leg  under  the  garter,  on  the  shouldei^s  of  men  undt 
the  bi-acti-s,  iUid  also  on  areas  where  a  local  irritant  has  been  appliiil  befoi 
the  api>earance  of  the  eruption,  round  varicose  sores,  and  so  forth. 

Up  to  the  api>eamnco  of  tho  characteristic  eniption  the  course  of  U 
disease  and  the  symptoms  aio  alike  in  natural  small'|iox  and  in  snudl-()Q 
modified  by  vaccination  ;  but  the  evolution  of  tlie  skin  lesion  in  naluri 
and  in  modified  small-{)0\  differs  so  markedly,  the  divergence  of  tl 
symptoms  is,  in  the  main,  bo  jironounccd^  that  it  is  desirable  honcefor 
to  regard  them  a^  distinct  diseases,  and  to  devote  separate  considenuit 
to  each. 


NATUHAr.  Smali^pox  (on  Vauhu^). — The  eruption  of  natui 
pox  consists  at  first  of  minute  bright  red  macules  which  disappear  i 
pressure,  and  are  neither  hard  nuv  raised.  In  the  course  of  a  few  hoc 
they  increiise  in  aise,  and  are  distinctly  red,  bard,  and  raised.  T 
macule  has  now  become  a  papule,  and  the  stages  of  its  growth  in 
pjipule  to  vesicle,  from  vesicle  to  pustule,  and  its  degicca-tion,  arc 
follows: — hi  the  coureo  of  twenty-four  hours  the  papule  has  swell 
visibly,  anfl  on  the  second  day  shews  distinct  central  vesiculation.  T 
vesicle  widens  at  its  periphery  day  by  day,  at  the  siime  time  filling  < 
with  seruiUf  loses  its  redness,  and  at  the  fifth  to  sixth  day  of  cnipti 
has  attained  the  limit  of  it^  growth.  A  full-slzod  vesicle  is  about  o 
fifth  to  one-fourth  of  an  inch  across,  circular,  i-aiseil  well  al>ove  the  le 
of  the  skin,  translucent,  or  of  the  colour  of  dull  ]>earl,  with  round 
border,  usually  sho^ving  a  shallow  central  depression,  and  its  Uise  encinr! 
by  H  narrow  but  distinct  zone  of  redness.  It  is  filled  with  clejir,  tra 
parent  serum ;  on  being  pricked  a  small  ijuantity  of  this  exudes,  but  I 
vesicle  does  not  empty,  nor  does  its  wall  colhipee.  The  central  deprewi 
or,  as  it  is  often  termed,  the  umbilication,  of  the  vesicle  is  invariably 
be  noted  in  a  huge  number  of  vesicles,  hut  not  by  any  means  in  all, 
the  end  of  the  fifth  or  on  the  sixth  day  of  eruption  the  vesicle  l«gina 
Iwcome  0|KU|Ue.  As  tho  opacity  increases  the  vesicle  swells,  losing  at  I 
same  time  it^  central  depression,  and  acquires  by  degrees  n  dome  sha| 
the  surrounding  areola  becomes  brighter,  and  in  three,  or  at  most  to 
days  from  the  poriotl  of  full  vesieuUr  growth — that  is  to  lay,  un  t 
eighth   or   ninth  day  of  emption — it  presents  a  circular,  dome-shttj^ 


d 


SMALL-POX 


497 


■p{w«rancc,  is  completely  opatjue  or  yellow,  is  surromidcd  by  a  vi^'id 
UV0I&,  »nd  has  now  become  a  pustule.  On  running;  n  pin  thi-ough  it 
from  Kwle  to  side  pus  or  turbid  lymph  esaipes,  and  011  forcibly  enipt\-ing 
tilt  piiatute  its  wall  collapses. 

The  jiapules  of  naturjil  smallpox  :ue  red,  niised,  and  hard.  If  the 
liiger  be  firmly  pressed  ou  the  skin  and  dra>m  slowly  a<rro»s  it,  the 
IMpales  feci  like  small  shot  embedded  in  the  skin.  If  the  lesion,  be  it 
[■fole  or  vesicle,  be  gripped  between  the  thumb  and  forefinger,  it  is  felt 
til  tie  ill  the  skin,  and  when  the  vesicle  has  grown  to  some  size  its  floor 
ia  indumted. 

Tlie  mature  vesicles  varj'  much  in  size  on  any  given  area,  sf>me  l>eing 
(or^derubly  smaller  than  the  typical  size  mentioned  above ;  others,  often 
oa  iho  back,  being  larger.  Many  vesicles  when  fully  grown  shew  u 
urrow  white  ring  at  the  periplieiy,  with,  in  some  insUnces,  line  white 
ttiuds  radiating  from  the  centre.  Wlien  this  white  peripheral  ring  is 
present  in  a  vesicidar  eruption  it  is  usually  regarded  as  diagnostic  of 
■mall-pox. 

The  areola  is  present  from  the  earliest  stage  of  the  vesicle,  and  is 
«t  its  height  on  the  eighth  to  the  ninth  day  of  eruption.  It  is  brightest 
St  its  inner  uiargin,  shading  otl'  towards  its  f»eriphvry,  is  raiserl,  and  in  the 
fmstalsx  stage  is  often  more  or  le.s5  indurated.  It  begins  to  fade  with 
Uie  bursting  and  desiccation  of  the  pustules. 

The  pustule,  if  it  be  not  ruptured  forcibly,  remains  intact  for  a  day 
'>r  more  ;  then,  if  it  rupture,  usually  in  the  centre,  pus  escapes,  and, 
raipidly  drying,  forms  a  dirty  yellow  cruet ;  if  it  remain  intact  it  desic- 
cates, forming  a  slightly  raised,  flat,  brown  prominence  which  falls  ofV 
i*it*r.     The  majority  of  the  pustules  rupture. 

From  the  first  appearance  of  the    macule    the    successive  stages  of 

p»)mlf,  vesicle,  and  pustule  with  iucrustjition  occupy  about  ten  to  twelve 

da,y8.    The  crusts  now  l*egin  to  fall  ofi',  exposing  a  red  surface  which  may 

t>e  raised,   flat,  or  depressed  ;  in  the  kst  case   it   may  or  may  not  be 

ttlceraied  ;  or  the  cnistJ*  may  adliere  for  a  week  or  more  unless  removed  by 

•uitohlc  applications.     The  unrnpturod  pustules,  by  partial  absorption  or 

ov&joration,   become  inspissated  and  of  a  brownish   colour,   this  being 

p».-jally  nutictMible  on  thu  [talnis  and  soles.      The  wall  shnvels,  and  the 

stule,  losing  its  dome  shape,  becomes  fiutl^ncd ;  after  a  time  its  wuU 

"Tiptures.  and  the  drit^d  contents  and  epidermis  fall  off  together,  exposing 

i^  Mnne  cases  a  raised,  in  others  a  flat,  and  sometimes  a  depressed,  i*ed 

epidermis. 

Concurrently  with  the  appearance  of  the  skin  lesion,  eruption  de- 
veiope  on  the  buccal  mucosa,  palate,  ton.sils,  phiirynx,  and  often  also  on 
*^*  epiglottis,  larynx,  and  trachea.  At  first  small  bright-red  spots  are 
"^^n  which  quickly  increase  in  size.  The  central  portion  soon  assumes 
*  H'liite  appearance,  and  by  the  second  or  third  day  of  eniption  they 
■iiew'as  small  roundish  white  spots  of  about  the  size  of  a  millet-seed. 
**Tien  they  have  attained  the  limit  of  their  growth  on  the  third  or  fourth 
^y  they  are  smaller  thuti  the  vesicles  on  the  skin.  Sometimes  they 
Voi^  II. — i»i.  I  2  K 
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shew  a  narrow  areola.  There  is  often  much  sweltiug  (^  the  tonsils  and 
mucosa  generally.  About  tlic  Kfth  day  of  eruption,  or  ftix)ner,  mui 
of  the  vosiclca  rupture,  cxp<»sing  u  ragged,  ulcerated  surface  :  this,  if  itM 
eruption  be  conHuenL  on  the  fauces  and  palate,  has  the  appeamim  tk 
dirty,  disintograting,  diplilheritic  membrane.  The  ahreiis  of  mucou*  num 
hranc  oomo  away,  the  ulcciution  heals^  the  swelling  of  the  part«  afubiidei 
and  the  throat  resumes  its  noraial  condition  about  or  before  the  tim* 
that  the  ci'Uatd  are  falling  <jir  the  akin. 

Although  the  evolution  of  the  skin  lesion  of  natural  small-pojc  xnxt 
formB  to  the  description  just  given,  the  whole  of  the  vesiduft  do  Mt 
attain  their  full  development  eitnultaneously.  Those  that  appear  h& 
maintain  their  lead  throughout ;  and  those  on  the  face  are,  in  poinb  od 
development,  usually  a  diiy  in  advance  of  those  on  the  lower  extremitiei; 
but  on  any  given  part  of  the  body  some  vesicles  are  in  advance  of  nthun, 
and  lat«r,  while  some  of  the  pustules  have  ruptured  and  crusts  are  fr;ni- 
ing,  some  shrink,  others  desiccate  unruptured,  and  a  few  abort.  So  that 
on  the  limbs,  for  instance,  there  can  usually  *h^  seen  dirty  yellow  scab 
and  brown,  desiccated,  unruptured  pustules  mixed  together.  On  thf 
face,  however,  most  of  the  pustules  burst.  When  the  crusts  have  faUlm 
oflj  and  the  ulcei-ation  healed,  a  branny  or  [K>wdery  desquamation  fullnws, 
not  only  on  the  part  of  the  skin  covered  by  the  pustule,  but  on  the  innci 
niar;j;iti  of  the  areolar  area.  If  the  pustules  desiccate,  unruptured  dtf*|ii** 
mation  often  takes  place  on  the  areolar  surface,  sometimes  l>efore,  tfomfl 
times  after,  the  desiccated  pustule  has  sepai-ated  from  the  skiu. 

Symptoms. — The  symptoms  present  in   the  pre-eruptive  stage,  he*A 
ache,  backache,  pyrexiji,  and  so  forth,  abate  or  subside  completely  wb^* 
the  eruption  is  fully  out — -in  many  cases  even  before  the  entire  eruptic^*^ 
has  appeared. 

In  the  vesicular  stage,  apart  from  the  heat,  itching,  and  disc(Hnf»'^ 
duo  to  the  eruption,  many  patients  are  free  from  pain  and  fairly  comfoc — ^* 
able.  But  in  severe  cases  with  abundant  eruption,  deglutition  may  fc — * 
painful  or  difficult,  and  there  is  generally  laryngeal  discomfort  with  hnsl^^y 
voice  and  cough.  Many  jiatients  are  restless  and  sleepless  ;  while  niii<  J^« 
violent,  and  sometimes  cnifty  delirium  may  be  not<Ml,  especially  in  o'  ** 
fluent  cases  ami  in  those  with  hirmorrhagic  manifestJitions  round  or  und  ^i" 
tiio  vesicles.  As  the  v«?siclcs  ajiprfia«.^h  the  limit  of  their  growth  UieK  i* 
often  considerable  a.'deraa  of  the  skin,  usually  most  marked  on  the  far  ^^ 
neck,  and  limbs.  Aliout  the  sixth  day  of  eruption,  when  the  stage  ^^ 
pustulation  begins,  the  temperature  rises,  febrile  symptoms  develop,  l^fcw 
areola  becomes  wider  and  more  viWd,  the  swelling  of  the  skin  iticrea**^^^** 
the  vesicles,  as  they  swell,  iussume  a  dull  white  colour,  the  central  depi 
sion  is  oliIitenLto<l,  the  siu^ace,  where  the  erujition  is  conHuent,  havi' 
the  appcjirance  of  rough  pjirchment.  At  tlie  height  of  the  pustular  si 
the  vesicles  have  become  yellow  pustules,  the  areola  V^ing  often  deep 
and  slightly  indurated,  while  the  general  condition  of  the  patient  becom>j 
increasingly  uncomfortable  and  painful.  If  the  eruption  be  discrete, 
dome-shaped  yellow  pustules,  encircled  by  vivid  red  ai'eoliD,  stand  one  i 
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Incr  thti  gviienil  level  of  the  skin ;  but  when  tjonfluetu,  the  surfiicc  of 
be  ikiu,  covered  wHih  the  closely  act  pustules,  is  more  or  less  uniformly 
HH^bcfpt  an  arenas  where  the  liistmidcU  pustules  have  cailestjed  and 
^^^Brgo  bladders  tilled  with  pus.  In  the  milder  casea  the  swelling 
if  the  skin  is  udiuilly  moderate,  but  in  severe  attacks  there  is  much  su(> 
lyutcous  inlemu ;  the  eyelids  are  often  greatly  swollen  and  can  onl)'  be 
Bed  with  dilHculty,  if  at  all  -  the  nose  forms  a  rounded  potato-like 
pntuberancti ;  the  ^eJit  swelliii;^  of  the  lips  and  buecal  mueo-sii  causes  the 
DOUtb  U>  gape,  with  saliva  »ionielimes  trickling  from  it  ;  the  cheeks  and 
nock  arc  bagjgy ;  the  coutour  of  the  face  and  neck  almast  obliterated,  and 
tfi«  features  «o  disfigured  that  the  patient  is  not  recognisable  by  his  nearest 
[riendi.  The  extremities,  the  forearms,  hands  and  feet  especiall}',  are  much 
ivrollcn  and  often  acutely  painful,  the  fingers  being  kept  in  a  [Mirtially 
rtcxwl  position,  while  the  weight  of  the  betlduthes  and  the  pressiu-e  of 
iLjBiAttrAss  un  the  skin  cause  much  discumfort  and  sutTenng.  Tlie 
Wfi/^  mouth,  &nd  throat,  swollen  and  covered  with  shreds  of  disin- 
tcgntiny  mucous  membrane  and  secretion,  become  dry  and  parched ; 
there  is  great,  often  unquenchable,  thirst,  with,  it  mtiy  l>e,  di&icull  and 
punful  deglutition  and  offensive  bn^ath.  The  milder  wises  do  not,  as  a 
nilc,  shew  much  restlessness  or  sleeplessness,  and  delirium  is  rare  ;  but  in 
•flvere  cases  these  symptoms  are  pronounced,  luw  muttering  delir'ium  is 
'irtqiitnt,  occasionally  noisy  and  violent,  and  the  constitutional  symptoms 
irt  wvcre,  with  signs  of  incroiv-sing  weakness  ami  prostration.  The  voice 
'  UHially  husky,  the  cough  harsh  and  troublesome  with  embarrassed 
niuhiug  in  some  cases,  and  often  copious  expectoration.  There  is 
studly  little  vomiting,  large  quantities  of  nourishment  being  retjuned. 
he  Utwels  are  yenendly  constipated,  but  oceasionidly  diarrhiea  is  present. 
When  the  pusbidation  of  the  vesicles  is  matuie — ninth  or  tenth  day, 
'*iidly  a  day  or  so  earlier  on  the  face  and  arms  than  on  the  lower 
tremities — the  stage  of  incrustation  l>egins.  The  ]>ustule8  btust,  and 
u  uojdug  pus  a«  it  dries  forms  crusts  and  scabs,  the  areola  fades,  and 
«5  subcataDeoiis  oMlema  sultsidos.  There  is  pronounced  fetor  from  the 
*ing  pus,  an<l  the  appearance  of  the  jjatients  is  repvdsive.  Uy  this 
tie,  or  earlier  in  favourable  aiscs,  the  faucial  discomfort  and  distress 
W  have  lessened,  and  the  urgency  of  the  laryngeal  symptoms  subsided, 
Bgb  cough  and  ex(>ectoration  are  often  troublesome.  In  favourable 
B^as  the  process  of  incrusULtiou  proceeds  the  intensity  of  the  symptoms 
the  stage  of  ptistulation  alKites  in  some  degree,  sleeplessness  being  less 
t^rked,  the  mind  less  confused,  and  the  tcm]>erature  lower.  Hut  the 
-tieiit  liegins  t<»  feel  increasingly  weak,  often  shewing  very  pronnnnced 
^ng  of  physical  prostration  and  exhaustion.  In  unfavourable  cases  the 
Cuntiity  of  the  sympiums  inereiises,  the  pulse  becomes  exceedingly  rapid, 
kc  teuqieraturc  rises  to  1U5"  F.  or  10(5"  F.,  respiration  is  hurried  and 
uillow,  tremor?  and  subsultiis  are  marked,  the  sphincters  are  paralysed, 
*«  I'lW  nmtteiing  delirium  merges  into  atu|>or.  and  the  juitient  succumbs, 

ly  Iwtween  the  ninth  anil  fourteenth  flays  of  the  disease. 

^'itb   the    completion   of    the   process   of    incrustation — twelfth  to 
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fourteenth  day — the  crusts  aiid  scabs  1>«jnn  to  come  ftway,  but 
a<lhei-e  for  a  considerahle  time  unless  decruetation  (w  hastened  bfsui 
npplicationa.     Aa  decniBtation  iuiranc&s,  though  the  akin   is 
disfigured  by  crusts,  ulceration,  discoloured  debris,  and  dcsq 
features  become  recognisable.     In  the  absence  of  comidicatiuns  the 
now  convalesces  mpidly  or  gra*hmUy  acconlini*  to  the  severity  of 
attack.     In   the  mild   cases  coiiTale»ccnce   begins  about  the  end  (if 
second  week  ;  in  confluent  cases  usually  not  till  the  middle  or  end  of 
third  week,  and  then  only  in  the  absence  of  complications. 

In  some  instances  during  incnistatiou  the  bkin  sunoiinding  the  {i 
becomes  reddene^l  and  inflamed,  with  the  formation  of  bulhi-  of  riniog 
sizes.      These  Imr-st  and  <liHi-har<;e  their  turbid  contents,  cnist«  forai,  anJ 
an  impetiginouti  coitdiiion  of  skin  results  wliich  ia  usually  occompubvi 
by    pyrexia   and    coustitutional    symptoms,    sometimes    of    con^d 
seventy.     The  sjieeily  removal  of  the  crusts  during  the  incnistatitwi 
does  much  to  jjrevent  the  oecurrenco  of  this  condition.    Septic  ervth 
acconipjinied  generally  by  a  raised  temperature,  appear  in  some  to 
during   the   late   pustular   and     early    incrustation   stages.      The  mlt  11 
usually  pntchy,  at)'coting  mostly  the  tlanks,  abtlomen,  and  lower  iitft  <if 
the  chest,  but  sometimes  its  distribution  is  more  general.     In  tint  it  mi/ 
resemble  measles,  but  hardly  in  other  charactenBtic&     In  some  ouci  i» 
erythema  resembling  that  of  scarlet  fever  has  been  noted.     ConjmiTi'*"* 
with  nr  without  muco-purulent  discharge,  is  present  in  many — chi* 
conHuenl — cases,  and  not  infrequently  purulent    ophtbalniia  n* 
infanta  and  very  young  children.     Other  eye  conditions  arise  win- 
he  roeutioued  later  (p.  ol2). 

The  tfmy€ruiart\  which  during  the  initial  symptoms  may  have  icatut; 
104'  F.,  or  higher,  begins  to  fall  soon  after  the  eruption  appciin:^}' 
the  end  of  the  first  or  on  the   second  day  of  eniption  it  has  fnll«ii  "i 
discrete  cases   to   99°,   or  even    U\   normal   or  subnormal  :    but  m  f"i' 
tiucut  cases  it  often  does    not  fall    much,    if  at   all,    1>oluiv    100.    Tbr 
retnission  continues  in  mild  wises  till  the  vesicles  W'gin  to  be  oija^ift 
but  in  severe  cases  the  period  may  (mj  nitbor  shorter.     The  U'mperaturc  ri 
with  the  progress  of  pnstulation.     When  this  process  is  at  iUi  height 
erete  cases  shew  a  temperature  of  102"^  or  103^  mrely  104'  F.     In 
fluent  casci*  it  rises  to  104'  or  105",  and  in  fatal  cjiseseven  higher, 
is  the  so-called  secondary  fever  of  small-pox.     The  morning  ic 
are  usually  one  or  two  degrees.     The  temperature  falls  graduailly  m 
incntstation    pnx^eeds.   and    iii    uncomplicated  attacks   usually  beoon*** 
normal  between  the  eleventh  and  fourteenth  days  of  the  disease,  acoonli*^ 
to  the  severity  of  the   illness.     If  the  skin   IcjHons  be  deep,  and  t 
manifestations   or  complications  ensue,   the   p\Texia   may   [>crsi:<t 
considerable  time. 

In  the  early  stage  of  eruption,  with  the  fall  of  tem|»erature,  ihe 
slows  to  80  or  90  :  in  mild  cases  oven  to  normal :  iu  confluent 

90  or  100.     It  remains  slow  till   the  pustular  stage,  then  it  I. ^ 

rapid,  and  in  discrete  cases  is  usually  full  and  regidnr ;  but  in  oonflufc^^ 
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iftcka  at  the  height  of  the  pustular  staj;e  it  !»ecomua  very  rapM — 120 
|,i30  ftr  ujort',  and  Waiblc  pulsation  of  the  c;irotitl8  mjiy  often  bo 
.Id  the  pustular  and  incrustation  stages  it  is  often  feehle  and 


is  usually  not  much  quickened  in  the  vesiculai-  stage, 
vsty.  .:.  -^  ;=  with  marked  laryngeal  symptoms;  but  in  severe  cases  in 
lu  ixitCnliir  stage  it  hecomes  rapid,  shallow,  and  often  emharrassed. 

Kwaaolwn  is  not  a  feature  of  the  milder  forms  of  small-pox,  hut  after 
(nrero  attack ri  it  ia  marknl ;  if  serious  complications  unsuo,  it  miiy  be 
itrcme.  The  appetite  returns  in  the  niilder  cases  iis  8oc<n  as  the  tem- 
KTiture  falls ;  in  severe  and  compliaite^l  attacks,  more  slowly.  During 
(Avalcscencc  many  patiem«  eat  ravenously. 

Modified  Smallpox  (ok  Varioujio). — Of  the  cases  that  occur  in 
lOC)tiate<l  subjects  a  large  proportion  is  modified  by  vaccination.  The 
nrolaCioD  of  the  eruption  is  often  so  complet'ely  }tltei*eil  th:it  it  ia  difiicult 
oracogniso  the  identity  of  the  natural  and  the  modihcd  diseases. 

In  modified  5nmll-i>ox  the  eruption,  as  a  rule,  is  fully  out  within 
wftnty-four  hours  of  the  appejii-ance  of  the  first  papule,  but  iMDmetimes 
lot  till  later.  Usually  it  is  not  very  abundant.  The  macules  quickly 
bwomt!  papules,  and  many  shew  minute  vesiculation  at  the  end  of  twenly- 
\m  hours.  The  vesicles  often  attain  their  full  growth  in  about  three  or 
hiudays.  Id  size  they  are  usually  smaller  than  those  of  natural  smoll- 
plffi  more  conical,  perhaps  less  regularly  lircular,  very  often  shewing  a 
Ht  central  dcpreiiitioii  only  or  none  at  all,  and  surrounded  by  a  very  faint 
Bmu.  On  the  third  or  fourth  day  of  eruption  many  of  the  vesicles 
liciDrae  opaque,  the  lymph  is  cloudy,  and,  fn;>m  the  Jirrest  of  the  process 
>if  pQMulution  at  thiH  time,  they  do  not  become  pustules,  but  shrink  and 
mcealOi  the  inspissated  contents  forming  small,  brown,  flattish,  slightly 
*iM  prominences  about  the  size  of  ii  millet-soe<l  under  the  horny  epi- 
Wnju.  Those  that  become  pnstules  attain  the  stage  of  full  puslulation 
n  ibout  six  days  from  the  appearance  of  the  eruption  ;  they  are  usuidly 
Otftller  than  the  pustulfs  of  natural  i^mall-pox,  nioi*e  coiucal,  surrounded 
'y  nirrtm'  areolie,  and  often  do  not  rupture.  If  they  rupture,  the  uontents 
Wffl  small,  rounded,  dirty  yellow  or  l>rownish  crusts  of  varying  size, 
QK'h  in  the  course  of  a  week  or  less  fall  off,  exposing  a  llat>,  reddened, 
i^led  surface.  The  distinctive  feature,  therefoi*e,  of  the  eruption  of 
ttaflpox  mixiificfl  by  vu<:cination  is  that  its  evolution  is  hastened  in  all 
B  itages. 

Within  a  few  hoairs  of  the  appearance  of  the  eniption  in  many  cases, 
i^obbers  not  imtil  the  eruption  is  fully  out,  the  symptoms  of  the  pre- 
JM^Te  stage  subside  and  the  temperature  falls  to  normal.  In  sontc  it 
B^a  few  degrees  when  the  eruption  ia  pustular,  but  in  many  it  remains 
^*naal  throughout  the  subsequent  course  of  the  illness.  Tlie  constitu- 
(^nal  symptoms  iu-e  therefore  of  the  mildest,  and  in  many  patients  the 
*£>ue,  as  far  as  regards  subjective  symptoms,  is  over  when  the  eruption 
ftllly  out.  In  cases  with  a  very  abundant  eruption  there  is  often  con- 
Jorthle  swelling  of  the  extremities  anil  face,  witli  tfdema  of  the  eyelids. 
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and  pcrliap3  coiiBidonibIc  itcliing  iini-l  (HsL-omfort  for  %  day  or  two,  \i 
the  iutonse  irriUtion  and  jiain  noted  in  those  suirering  from  severe  iialiir 
8inall-pox  are  absent.  \\\  such  ca^cs  tlierc  is  some  pjTcxix  and  U 
appetite  is  impaired,  hut  the  speedy  involution  of  the  eruption  in  tl 
pustular  Btuge  limits  the  duration  and  inteugity  of  the  symptom*,  ao 
the  patient  ftoon  enters  <m  oonvaltisi-finoe,  wliich  is  usually  unint«:Tnipt«l 
with  few  exceptions  no  compli cations  or  sequels  follow  except  a  few  hndi 
an  otcHsional  attack  of  mild  facial  erysipelas,  sUgiit  conjnmtivitii.  or  i 
small  corneal  nicer  Kecovery,  except  in  i-are  instances,  is  rapid  u 
complete,  patients  l>eing  with  difficulty  restrained  from  going  outamfl* 
the  public  before  they  are  free  from  infection.  Death,  when  it  occar^lj 
Uitually  due  to  8onie  antecedent  disease. 

Iti  both  natural  antl  modified  small-pox  aUmmmHria,  with  or  witheat 
CJists,  in  frequent,  but  usually  is  not  very  inai-ked.  It  may  occur  in  ik< 
initial  stage,  when  jnTexia  is  high,  and  in  patients  with  early  hiPinorrb|ji< 
manifestations,  but  more  often  it  appears  during  the  vesicular  or  pnsUiivt 
etages,  and  sometimes  later.  It  may  persiat  for  a  conaidorable  time ; ''«! 
the  signs  associated  ^inth  nephritis,  such  a&  diminished  exeretinn  uc 
general  twiema,  are  not  often  met  with,  tla-raaturia  is  often  prwen!  ii 
hn*niorrha^c  attacks. 

In  the  severer  forms  of  small-pox  the  lym])hatic  glands  are  generallj 
[jerceptibly  enlarged.  The  enlargement  is  observe*!,  for  the  mo*t  fi»rt 
in  the  inguinal  and  axillary,  sometimes  in  the  ccLnical,  glands ;  it  oavtf 
on  dunng  the  vesicular  stAge,  persists  till  the  stage  of  incrustation,  >b< 
then  gradually  subsides. 

It  16  desirable  now  to  proceed  to  the  considenilion  of  i»mall-pox  idt 
special  reference  to  the  character  and  abundance  of  the  eruption.  Vii* 
this  in  view  it  is  convenient  to  form  four  groups  or  clft&9e8--vix.,  (' 
Smallpox  without  eruption;  (2)  Discrete  small-pox;  (8)  Connatf 
small  pox  ;  (4)  HsBmorrhagrlc  smallpox — anr!  to  consider  Beparolely 
each  class  the  natural  and  the  modified  forma,  bearing  in  mind  t>! 
natural  small  po.x  is  not  rostrict-etl  to  unvaccinatod  penwiis,  but  IB 
tH-cur  in  vaccinated  Hubjwt-t  in  whom  the  inmnuiily  affonled  by  vaccinati 
has  ct^ased.  In  regani  to  the  confluent  class,  I  include  therein  all  ou 
with  a  moderate  degree  of  confluence,  usually  styled  semi-confluent  sraa 
I>ox,  <leeming  it  preferable  to  regard  these  a«  eonHucnt  cases 
aeverity,  thereby  avoiding  unnecessary  rci^etition. 

Premising    that    the    inctdiation  -  period,    initial    stAge,   ant 
appejtnuic«  of  eruption  are  alike  in  these  cla<iseB,  I  now  proceed  to 
detjiiled  descri[>tion  of  each.  ^M 

t.  Small-pox  without  Eruption. — Occasionally  euch  caseft  areW 
The  initial  syrtiptoms  are  those  alreadj'  dcscrilied,  and  may  be  citJ 
mild  or  severe,  nnd  may  be  accompjinied  by  a  partial  initial  erythen 
At  the  time  that  the  characteristic  eniption  shoidd  appear  the  sytnptoi 
subside,  the  tonipernturc  falls  to  normal,  no  eruption  follows,  and  in 
short  time  the  [mtient  is  quite  well.  I  have  only  seen  such  ewes 
vaccinated,   and   sometimes   in   revaccinated   suhjectA  :    one  aucli   n 


Mtly   commiinicited    the  diseaite   to  another  person,    who   iwissed 

_h  an  attack  of  modi6(xi  small-pox. 

2,  Discrete  Small -pox.  —  A.   IHscreie  Natural  SmaU-pf/j: — The  full 

UQiHitit  of  eruption  i«  out  usually  within  twenty-fonr  horns  from  the  nppear- 

inw  uf  the  first  spot ;  on  thu  fifth  day  of  eruption  (seventh  of  disease) 

'^~     -ii'lee  iire  of  full  size,  encircled  by  a  narrow  areola  ;  on  the  seventh  to 

^luh  day  of  the  disease  commencing  opacity  is  seen  in  many  of  the 

V;.  and  Tiy  the  ninth  day  most  of  them  arc  quite  oi*aquc,  and  tlioso 

face  are  pustular,  i\  hright  areola  encircling  each.     The  pustulea 

■  iiir  face  rupture  first,  uud  small  light   or  dirty  yellow  cnists  form. 

Uti  the  extremities  and  trunk  some  nipturo,  others  desiccate  unniptured, 

ui<l  towards  the  end  of  the  second  week  of  the  disease  in  many  cases 

itMTUitation  is  proceeding  and  the  patient  enters  on  convalescence.     The 

Umperattu'e  usually  falls  to  normal  in  the  vesicular  stage,  rises  a  few 

dtgrm  in  the  ptistulur,  l>nt   in   Heldoni   higher  than   101"   to   102'    F., 

tbough  it  may  in  some  instances  rise  to  104  ,  and  falls  with  the  inciiista- 

lioii  iif  the  pustnlcs.     The  pulse  seldom  exceeds  120.     There  is  a  go<jd 

dtjil  of  ((welling  of  the  face  and  skin  generally  ;  and  during  the  late 

micnlarand  pustular  stages  the  jiaticnt  suffers  }iain  and  much  discomfort 

(nun  the  eruption,  and  in  addition  there  may  be  sore  throat,  due  to 

cru|ition  on  the  tonsils  and  neighbouriiig  |iart«.     The  mind  is  sometimes 

ndoMd,  but  delirium  is  very  rare.     In  iiifants  and  children  uixler  thiee 

fWKof  age  the  condition  of  the  throat  may  cause  them  bo  take  nourish- 

ftwt  imwillingly.     I.ung  complications  are  nire  except  in   infants  and 

drildron  up  to  four  years  of  age,  in  whom  laryngitis,  bronchitis,  and, 

wmeiiioes  in  the  later  stages,  bronchopneumonia  occur.     Multiple  super 

'11    ;(i>?cesses,  ervaipelas,  celhditis,  septica'mia,  tninsicnt  facial  pundy^'is, 

!  iiictivitifi  or  corneal  ulcer,  and  otitis   occur  as  complications,  mostly 

'"  itifantfi  and  yotuig  chihlren,  convalescence  in  th4jse  over  five  yeai-s  of 

•gt  Iteing  usually  uninterrupted.      Deep  pitting  occiisionally  n-aults,  but 

■UQally  not,  and  there  ma}'  he  none  at  all.     Death  is  usually  due   in 

^&iit5  and  children  to  sopticiemia,  cellulitis,  or  to  laryngeid  and  lung 

^toplications. 

B.   fft-^rrt'-  Aft^iijifd  Sm'tll-p'rj: — If  the  eruption  be  fairly  copious  the 

flistrihution  is  that  described  on  p.  400.      But  if  there  bo  a  comparatively 

^■UTso  eruption,  some  pocks  will  usually  be  observed  on  certain  areas  of 

*»in,  vir.  just  above  and   between  the  eyebrows,  the  nose,  the  checks 

°^\oyr  the  eyes,   over  the  fiacnira,  a>x)ve  the  ]x»tella,   under   the   inner 

•••Ileoli,  and   in  the  internal  aspect  of  the  instep.      It  is  not  abundant  jis 

■•J^ile,  and  the  number  of  vesicles  may  not  exceed  half-a-dozen  ;  usually 

^fteroarc  a  few  vesicles  on  the  face,  limbs,  nnd  trunk  ;  but  I  have  seen  a 

"*■©  with  only  five  vesicles  all  told,  and   these  situated  on   the  nape  of 

!no  neck.     Much  of  the  eruption  is  slightly  vesicular  within  twenty-four 

DtwirK  of  its  appearance,  but  in  some  caries  the  fiapular  stage  hists  for  a 

"'^'^ple  of  days  before  this  happens.     The  course  of  the  disease  is  short : 

*ae  tomperature  falls  to  normal  ^nth  the  appearance  of  the  eruption,  and 

'    ^Orv  mimv  case^^  does  not  rise  attain.      In  the   mihle^t  attacks  the 


patient  feels  (|uite  well  Hfter  the  initial  s}'mptania  bare  subsided, 
rlisense,  so  far  hb  regards  aubjoctive  symptoms,  is  at  an  end. 

Ill  cases  with  a,  copious  eruption  the  temperature  rises  to  SO"  or 
F.  during  the  pustular  stage  ;  the  pulse  is  slightly  accelemted,  btt 
constitutional  symptoms  are  very  slight,  the  patient  being  con^tlti 
wiibiu  a  week  or  ten  days  of  the  onset  of  the  disease.  It  is  free 
danger  to  life,  and  convalescciicK,  save  for  an  occasiotuU  boil  or 
attju-k  of  facial  erysij)Glas,  is  usually  uninterrujjtod. 

In  cert;iin  cases  of  modified  small-pox  some  of  the  vesicles  od  the 
ejt|>eci:illy  on  the  nose  and  cheeks,  do  not  desiccate  and  fall  ofT  in  the  i 
mauoer.  The  lymph  appears  to  become  partially  organised,  and  s  i 
cose  condition  results. 

Owing  to  the  modifications  produced  in  the  characteristic  cruptifl 
vaccination,  many  forms  of  smallpox  based  on  these  moditicatioufl 
Ittjen  described,  such  as  miliary,  crystJiUine,  acniform,  and  bo  forth; 
the  varieties  are  fanciful  rather  than  imjwrtant. 

Marson  described  a  variety  based  on  the  distribution  and  Rgg 
tion  of  the  vesicles,  which  he  nametl  corymbose  smallpox.  Clutitei 
vesicles  like  corjTTiKs  appear  on  different  parts  of  the  skin,  and  the  afi 
wore  usually  if  not  invaiiably  fatal.     This  variety  I  have  not  seen. 

Hnr''  Fortm  of  Discrt't*:  SnuiU-pox^  attnuUd  by  Sreere  S 
StjtnpVjins. — Some  attacks  of  discrete  smallpox  in  vaccinated  aw 
vaccinated  subjects  are  ushered  in  by  great  mental  distiirbance,  deli 
convulsions,  and  perhaps  coma.  In  some  cases  these  symptoms  sii 
on  the  appeara:ico  of  the  eruption  or  shortly  after ;  but  in  others 
ia  no  intermission  of  the  initial  delirium,  which  becomes  more  and 
nolent,  and  merges  into  iicute  mania  that  nuiy  last  several  woekl 
these  symptoms  t^ubeide  the  attack  results  in  complete  recover}' 
permanent  dementia  may  result.  In  other  cases  the  coma  of  the 
stage  becomes  more  profound,  and  the  patient  dies  in  a  few  days 
regaining  consciousness.  In  a  few  instances  convulsions  set  in  aho 
seventh  to  the  ninth  day  of  illness,  coma  rapidly  supervenes,  there  i 
temperature,  and  the  patient  dies  in  twenty-four  to  forty-eight 
Only  in  very  rare  cases  does  recovery  lake  placu.  The  symptoi 
usually  due  to  congestion  of  the  brain,  and  sometimes  to  haBmoc 
under  the  pia  mater. 

In  very  rare  cases  symptoms  of   great  mental  confnsinn,  wil 
of  the  pion'cr  of  co-ordination,  occur  in  the  initial  stage,  accompan 
aphakia,  luid,   it  may   >)e,  also  by   partial  or  complete    [mralyBis  < 
fxtremitios.      Si^metimea  the  patient  is  thought  to  he  dnink.     This 
hists  a  viu'ying  time,  one,  two,  or  three  weeks ;  the  patient  then 
to  recover  the  use  of  his  limbs,  and  the  power  of  articulation  i 
slowly,  the  utterance  being  difficult,  thick,  and  jerky.     The  paralyi 
loss  of  co-ordination  last  a  very  long  time  after  the  [lationt  is  convol 
and  hti«  walk  in  many  respects  resembles  that  of  taints  durealie. 
however,  brings  gradual  improvement ;  the  general  health  is  goof 
the  symptoms  ameliorate  if  complete  recovery  do  not  take  place 
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3.  Confluent  Smallpox. — A.  CmfineiU  Natural  SmaU-pax. — Tliis 
uhnies  all  tle^e«g  of  continence,  Hniited  in  sorao  to  amall  arcii*  of  confluent 
rceicles  on  the  Uice  and  oxlreniitius ;  in  others  the  skin  of  the  fnce,  neck, 
[limbs.  che*t>  and  back  is  cunipletoly  covered  hy  vesicles,  with  oft«n  pi-ofnse 
(Tii'tKin  'in  the  bnccal  mucosa,  tonsils,  and  pharynx.  In  the  former  the 
mipiion  is  fully  out  within  twenty-four  to  thirty-six  houi-a  of  the  appear- 
uice  of  the  nwh,  in  the  latter  not  imtil  the  second  or  in  some  cases  third 
(lav  of  eruption.  Shortly  after  the  appearance  of  the  eruption,  the  skin  of 
iKe  [orearms  ajid  face  often  liecom«s  deeply  hy|>Bi*»i'niic,  in  tuymv  uniformly 
cryihematous ;  and  as  the  vcaiclcs  grow  their  juiler  outlines  are  thrown 
into  relief  against  the  reddened  background  i>f  akin.  The  tenipentture 
fnik  in  milder  cases  to  99  F.  or  to  normal,  but  in  the  severer  not  much, 
ilUall,  below  100"  F.  During  the  period  of  vesicular  growth  in  milder 
atm  the  pikticnt  is  free  from  restlessness,  and,  but  for  the  he;it^  itchitig, 
wd  discomfort  of  the  ernption,  feels  tolerably  well.  In  severer  ca^^es, 
ttim-illy  tho(*e  in  which  the  eruption  is  completely  confluent  on  the  face 
4th]  extremitiet},  there  is  frequent  husky  cough,  some  difficulty,  it  may 
^  fnin,  in  de>;Iutition,  with  intense  irritation  of  the  skin  and  discomfort 
tovinla  the  end  of  the  vesicular  period.  So  acute  is  it  that  patients 
often  tear  the  epidennis  completely  off*  their  arms,  legs^  and  face,  ex[)OKing 
a  raw  oozing  surface.  The  akin  dries  rapidly,  becomes  stiff,  rough,  antl 
of  a  deep  mahogany  colour.  In  these  cases  the  temperature  rises  to 
'0^-105"  F.  or  higher;  there  is  extreme  restlessness,  much  delirium, 
fapi<i  pulse,  and  the  patient  succumbs  aliout  the  ninth  or  tenth  day  of 
tne  (h^eaae. 

In  the  majority  of  confluent  ciises,  as  the  vesicles  approawb  their  full 

&^»th,  there  ia  considerable  subcutaneous  osdema,  most  marked  on  the 

"•ct,  neck,  foreai-ms,  hands,  and   feet.     At  the  height  of  the  vesicular 

f^riod,    and    in    the    pusttUar   staye,    the    eyelids   are   often    intensely 

•deniAlous,  the  upper  eyelid  overlapping  the  lower ;  the  patient  is  quite 

(iQftble  to  open  his  eyes,  and  the  lids  can  with  lUfliculty  be  separated. 

I^onjunctivitis  with  muco-purulent  discharge  is  of  frequent  occuiTence. 

*Oe  nose,  cheeks,  and  lips  swell  enormously,  the  neck  even  in  a  greater 

**«gree ;  the  hands  and  feet  are  swollen  i^nd  acutely  tender  to  the  touch, 

^he    fingera  l)eing   |jjLrti:dly   flexed.      Th^re   is  copious  cniptiou  on   the 

■^Uccal  mucous  membrane,  fauces,  and   |>harynx  ;  the  voice  is  husky,  the 

*^u^h  harsh  and  troublesome,  saliva  tiiekles  from  the  open  mouth,  and 

*iegltit4tion  is  painful  and  sometimes  diflicult.     A  day  or  two  hiter  pus 

oores  from  fi^eshly  ruptured  pustules  and  from  under  the  recently  formed 

•Cabs;  there  is  much  fetor,  and  the  patient  presents  a  picture  of  hideous 

uiafigvu'ement  and  helpless  Inxlily  ^liscomfort  without  a  pandlel   in  acute 

mfectious  diseases.     There  h  high  temperature  (103'  to  lUS^  F.,  or  even 

niRherX  quick  pulse,  rapid  breathing,  cough  and  expectoration  of  mucus, 

Ifltid  breath,  unquenchable  thirst,  extreme  restlessness,  sleeplessness,  and 

often  tlelirium.     In  favourable  cases,  coincidently  with  the  incnistation 

process,  the  subcutaneous  cedema  subsides,  and  the  patient  is  ;*ble  to  open 

bis  eycia.     As  decrustation  advances  the  features  begin  to  resume  their 
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normal  outlines,  and  during  the  third  week  of  the  diseue  the 
generally  enters  on  the  stage  of  convKlescence.     In  iinfuvourable 
and  these  form  nO  per  eont  of  the  coiifiuent  attiwks,  septica'tniB 
the  temperature  rises  to  lO.'* -107    F.,  the  pulse  hecome*  nipid 
and  irregular ;  the  voice  is  husky,  frequent  couiili  wilh  much  cxpi 
ing,  rapid,  shallow  breathing  soinctimeis  attended  by  dy*pni.i?a,  much 
muscular  tremors,  and  Bometiracs  diatTho-a  uome  on :  the  urine  anrl  f 
passed  involuntarily,  low  niutteriag  delirium   is  more   or  lofts  roi 
merging  into  stupor,  and  the  patient  succumbs  usually  from  the 
the  fifteenth  day  of  the  disease.     If  the  patient  survive  till  dwru 
be    well    advanced,  pleurisy,  pneumonia — in   children   usually  hr 
pneumonia — deep  and  extensive  oelhilitis,  diarrhoea  or  other  oonipl 
msy  supervene  ;  and  such  complicationu  often  prove  fatal. 

A  striking  form  of  confluent  snuill -pox  deserves  separate  notic 
some  of  the  completely  confluent  cases  the  vesicles  at  the  ustwl  pet 
full  vesicular  development  (fifth  to  sixth  day  of  eruption)  are  Hat 
very  shallon*  central  depresKions,  only  partially  filled  with  surui 
trRtisluocnt,  but  of  a  doughy  or  pasty  hue  ;  there  is  not  much,  i 
8ul)CUtjiiieou.<4  u'denia  ;  the  features,  though  blurred,  are  recogiiisviWle 
eyelids  are  not  u-dcniatous  ;  there  is  little  swelling  of  the  footi,  ha 
feet  other  than  that  due  to  the  confluent  vesicular  eruption  :  the  «kin 
rctugh  and  Hat,  presenting  the  appearance  of  coarse  parchment  . 
icmporaturo  ranges  from  about  100"  to  102'  F.  in  the  vi.«ieuhir  sti 
104*  or  higher  in  the  ptistular  stage ;  the  pulse  is  rapid  and  we 
mind  is  t-onfused  ;  there  is  great  |>rostration,  but  not  usually  muc 
ettmfort.  Keratitis,  rajudly  involving  the  entire  cornea,  uflon 
ft  is  not  accompanied  by  conjunctival  injection  or  discharge.  Tb 
sign  18  a  loss  of  corneal  lustre  followed  by  cloudiness  and  complete  o 
The  whole  cornea  may  l>ecome  oiiaque  in  twenty-four  to  thirty-six 
from  the  onset  of  the  condition  ;  a  portion  or  the  whole  of  it  may 
nflf  in  a  day  or  two.  and  partial  or  coraplet^a  nntcrior  suiphylomn 
The  keratitis  sometimes  affects  both  eyes,  but  usually  only  one, 
less  extensively  than  the  other.  This  form  of  confluent  small 
usually  fataL  (le;itb  t;iking  place  from  the  ninth  to  the  elovenlh 
the  disease.  Occasiomilly  recovery  takes  place  in  pationtfi  bctwi 
ages  of  ten  :ind  twenty  years,  but  it  is  slow  and  protracted,  and 
much  emaciation. 

B.  Cotifiurnt  .][(>(/ 1 fiftl  Siiuitl-i/of. — The  coiusu  of  the  disease  in 
of  rases  is  precisely  similar  to  that  of  confluent  natuial  &mall-j» 
about  the  third  or  fourth  day  of  the  eruption,  when  the  vcsicl 
attiined  their  full  growth,  being  in  most  instances  considerably 
and  more  conical  than  those  of  confluent  natural  small-[>ox.     But 
time  a  remarkable  rhnnge  in  the  cvolutinn  of  the  eruption  takes 
Instead  of   the   vesieh^  continuing   to  grow   till   the   fifth   <]ay 
oru|>lion,  they  shew  nn  the  thii-d  or  fi>urih  ilay  a  central  opacity, 
c»^me   luiiforraly  cloud}',  and  by  the   fifth   or  sixth   day  are  com 
opaque ;  a  few  may  become  pustular^  but  the  great  majority  shh; 
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dcflecale  nnniptiired,  the  sldn  beiiijr  thiclfly  studded  with  iiiiuimerjiWe 
niwd  brown  sijecks,  nlx>iit  a  line  in  diameter,  more  or  less.  At  the 
beight  of  I  he  diseaoe  there  is  often  great  awelliiig  of  tln^  face  and  neck, 
with  mnrked  cndenift  of  the  eyelids  ;«  well  as  sul>cnta!ieous  (pdemii  of  the 
ratrctnities  ;  there  may  be  some  delirium,  the  temperature  often  riging  to 
100  102'  F.  or  more  for  a  day  or  two.  Concurrently  w*ith  the  deeicci- 
tion  of  the  onption  the  Bubctitaneotis  n^deroa  fiubsides^  the  temperature 

«nd  the  pittient  about  the  eighth  or  tenth  day  of  the  disease,  when 
psmalt  ])ox  is  jii8t  at  itft  height,  enters  on  eonvalescence,  which  in 
case?   is   uninterrupted   except   by  the   occurrence  of  boils.     The 
vtsiciiL-vr,  puBtuIar,  atid  desiccative  stages  are  all  shortened. 

4.  Hffimorrhagrlc  Small-pox. — TliLt  includes  cases  in  which  ctitjineous 

WflaubcutaneoiLs  hiemorrhoges  appear  with  or   without  the  presence  of 

tbfl  characteristic  eniption  of  email  pox  on  the  skin.     It  is  convenient  for 

dewriptive  purjwses  to  divide  these  into  two  groups:  the  /*>.«/  includes 

tione  casoA  cbainctensed  by  the  presence  of  numerous  cutaneous  find  sub 

cRlaneou?  h.Tmorrhttges,  by  bleeding  from  the  mucous  siu-fnces  and  kidneys, 

fcj  a  complete  or  all  hut  complete  alienee  of  the  char-acterislic  sm;dlpox 

"iiption,  and  are  known  as  ha-morrhagic  or  black  smallpox  ;  the  *rf</n// 

Mtcludw  thoee  eases  exhibiting,  in  addition  to  the  characteristic  oniption 

«  «niall-pox,  cutJineoiis  and  subeutancons  h:»'ra(iiThnge8,  accompahied  or 

fwt  by  bleeiling  from  the  mucous  surfaces  and  kidneys,  and  are  known  as 

'esioiUar  or  pustular  hir-morrlmgic  anmllpox. 

(I)  Htrrnmrha/fir  fv  JiJark  Smnll-fxir. — This  is  by  no  means  rnre.  It 
•cctirsi  during  both  epidemic  and  non-epidemic  periotlfl.  The  majority 
i  SLttacks  occur  in  vaccinated  persons.  The  initial  symptoms  are  almost 
nvariably  severe,  especially  the  backache ;  and  there  is  often  violent 
iimI  long-continued  vomiting,  attendeii  by  severe  ej^igastric  pain.  Tlie 
^m^ierainre  in  the  initial  stage  is  not  high,  usually  not  above  100"  F., 
slt«i]  l)elf)w  it.  Very  early  in  the  course  nf  the  disease  the  cutaneous 
md  nubcutAneoua  hji'morrhagea  appear.  The  cutaneous  hamoirhflgea 
niaij-  or  may  not  be  precedcl  or  accom{)anied  by  either  genenil  or  p;u-tial 
frythemafl,  which  appear  usually  on  the  first  or  seennd  day  of  the  illriesK. 
If  ft  general  ervthema  be  i)r(^Jient  it  is  often  of  a  vivid  ved  colour ; 
the  iwrtial  erythemas  aj-c  of  the  character  described  nniler  initial  rashes. 
pn  tlk'  «eond  or  thini  day  red  and  purple  petechia*  may  appear  in  masses 
lu  the  groins,  the  flexures  of  joints,  and  elsewhere,  with  a  general  distri- 
hufcion  of  violet  or  ink  spots  elsewhere,  to  be  succeeded  by  6ul»conjunctival 
hft-morrhago  in  one  or  both  eyes,  usually  beginning  in  the  inner  jispeetof 
lb©  eye,  and  gradually  extending  round  till,  if  the  patient  live  long  enough, 
'be  coiTieii  is  encircled  by  a  wide  band  of  deep  purple  ecchymosis.  Pmple 
'pot«  .^ppenr  on  the  forehead  and  face;  there  are  minul«  purple  {wtcchitv  on 
B^  ^yolids,  gradually  increasing  in  size  and  number  until  the  eyelids 
Wfcme  a  blue-lilack  nppearance.  Bniise-liko  patches,  varying  in  size  and 
't'tatiQii^  and  suggestive  btit  independent  of  oontusion.  not  infrerinently 
I^P^^r.  Purple  haemorrhages  may  often  be  see?*  on  the  tongue,  palate. 
**  '^Uces,  but  the  mucous  membrane  generally  is  pale.      Blood  oozes  from 


the  glims,  in  rnrti  instAticea  from  the  skin,  and  ejiistaxis,  hseiiiAteme8ia,hftn» 
ptysis,  and  melmnix  may  occur.  Blood  is  piiss&I  in  the  uriDe,  and  ia  wumen 
from  tho  vagina  aud  uterus.  The  maAses  of  hwraorrhage  in  the  ahdomiini 
criintl  triangle  and  other  flexures  gel  darker,  and  the  \nolet  &pot9  incnaw 
in  number  The  tempemture  is  usually  low,  seldom  over  100  F. ;  'rft*! 
normal  or  even  subnormjil.  Thy  pulse  is  soft  and  compresaihle ;  \\it 
niinil  ubsolntoly  clear  and  unclouded.  The  breath  is  cbnimy,  but  ihcrc 
is  no  fetor.  Nourishment  is  taken  fairly,  unle<i8  there  is  persist* 
vomiting.  The  patient  is  restless,  and  oft«n  complains  of  a  teitsti 
oppression  in  the  prieoordia.  The  backache  is  most  severe  and 
iiotinal  hiemorrha^ea  sometimes  occur. 

As  the  discasG  progresses,  sordca  form  on  the  gums ;  the  skin  oi  iSe 
face,  dotted  by  purple  and  inky  spots,  W'omes  of  an  ashy  hue,  perh&]«  i 
little  putTy,  auil  the  liwmoiThiigie  manifeslAlions  on  the  skin  gencntly 
become  more  marktul ;  the  lips  and  tongue  are  blanched.  In  some 
a  few  scattered  papules  may  perhaps  be  seen  on  close  examination  on 
backs  of  the  hand-j,  on  the  dorsum  of  the  foot,  or  on  tlie  forchwii 
cheeks ;  but  in  other  cases  not  a  single  papule.  In  ibe  grcnt  maj(nilj 
of  cases  the  mind  is  unclouded  to  the  last.  Death  may  take  pUre  *t 
early  as  the  thiixl,  more  nfton  on  the  fourth,  fifth,  or  sixth  day,  awi  m 
frequently  due  to  sudden  cardiac  syncope. 

In  some  cases  no  erythema  is  present,  and  there  may  be  but  a 
number  of  large  violet  ink  spot«  on  the  trunk  and  extremitie«,  and  a  fsl 
smaller  purple  petecbiiu,  accompanied  by  epistnxist  hacmatement, 
in  the  urine,  and  motronhagia  in  women. 

.-Vn  exceedingly  rare  and   rapidly  fatal    form  of  the  black  sraallpnj 
has  been  describerl  in  which   the  initial  symptoms  are  most  severe 
temperature  reaches  105'  F.  ur  over,  with  delirium,  coma,  and  ooUftf 
riipidly  terminating  in  death  after  an  illness  lasting  a  fuw  hours.     Noi 
hteinorrh;iges  are  seen,  but  internal  hiemorrhages  similar  to  those  di 
on  p.   (88  are  found.     I  have  not  myself  seen  this  fulminant  variety. 

Black  snuill  pox  is  invariably  fatal.      It  rarely  occurs   in   vaccinal 
subjects  under  the  Jige  of   puberty.      Young,  vigorous,  and  appofiiflt 
strong  health}'  adidts  form  a  considerable  proportion  of  thoeo  at 
I  have  not  seen  it  in  vaccinated  subjects  under  seven  years  of  oge^ 
in  anyone  vrho  had  one-third  of  a  square  inch  of  well-foveated  vaodniit 
cicatrix  :uid  had  also  been  successfully  revaccinatod.     In  unvaecit 
subjects  bliick  small-pox  may  occur  at  any  age. 

(2)   Fesioilur  *xnd  hudnUr  /Jinnorrho'jic.  Stnall'por, — Thi£  class inclu 
a  very  largo  number  of  cases  occurring  among  vaccinated  and  unvact'iftJtt 
subject*.      Theie  are   two   varieties — (A)  Ca*ee  which,   in  addition 
hiemorrhagic   symptoms    of    varying    intensity,   show    a    Gonfiider&t 
amount  of  characteristic   small-pox   eruption  ;   (6)  Cases   in  which 
hajmorrhage  i«  conlineil  to  the  cutis  under  the  vesicle  and  into  ibe  s^ 
immediately  surrounding  the  vesicle,  with  or  without  hipmorrbige?  U 
the  mucous  membranes.     These  may  be  nameil  sul>-  and  |»cri-v( 
hairaurrbagir  cases. 


riiagic  cuks  attend^  by  more  or  leH8  abundanl  charHcLeriatic 
k  eruption. 

emtly  speAking,  iu  this  claj»s  u  fuiily  copious*  eioiptioii  succtiods  or 
iriiea  the  bii-morrhagic  manifestations,  the  amount  of  t;liAracl«ristic 
t  bein^  UBunlly  in  iiiversi?  intio  to  the  severity  of  the  buinorrhiigic 
^t  only  do  hifuiorrhuges  Uike  place  frum  the  mucous  surfacefe  and 
D  free  from  eruption,  but  there  't&  oltvu  hajmorrhage  into  the  cutis 
kc  \-e8icle,  and  into  the  skin  immediately  snn'ounding  the  vtisitle. 
Iperature  in  these  CAsee  h  usually  about  100'  F.  iu  the  veeicidar 
tod  if  the  jiatient  live  idl  the  pustidation  hegins  it  oft^n  rises  to 
4  F.  The  mind  is  always  more  or  less  confused,  and  there  is 
puvc  and  violent  delirium,  the  dcgi'ee  of  mental  eunfuBinn  and 
\  being  usually  iu  direct  ratio  to  the  amount  of  L-haractcristic 
|k  eruption.  The  face  and  limbs  swell  in  proportion  to  the 
of  the  small-pox  eniplion.  The  pulse  is  rapid,  weak,  and  may 
Jular.  Respiration  is  4|uickonod  and  shallow  ;  cough  is  usually 
lorae.  Albuminuria  is  generally  present,  and  often  hivmatmia. 
^  nfttiii  much  eruption  on  the  mouth  and  fauces,  while  dried 
iidheres  to  the  month,  throat,  juid  nostrils,  and  thirst  is  excessive, 
the  symptoms  ujtpruach  those  of  couHuent  natiu'al  small-pox. 
lent*  very  rarely  recover  from  this  kind  of  snuill-pox.  The  dura- 
Kfc  is  longer  than  in  the  pure  hamorrba^c,  and  shorter  than  in 
iral  contluont,  casus  ;  it  is  directly  pioportional  lo  the  amount  of 
>x  fTUption  present,  and  in  inver-se  ratio  to  the  amount  of  cuuueous 
Ifir  ba'monbages.  Death  usually  takes  place  from  the  seventh  to 
Eh  day  of  disease. 

illt-  and  Peri-v^sindfir  Ufnnonhngif  Coses. — In  these  CAses  there  is 
Uhrf  ordinary  cutaneous  and  subcutaneous  h(emorrbages.  The 
rmay  be  discrete  or  confluent ;  the  papules  and  line  of  redness 
ttie  vesicles  are,  however,  often  of  a  deep  angry  red,  or  e^en 
i  colour.  The  vesicles  develop  in  the  usual  way,  but  aboiit  the 
ty  of  the  eruption  a  dark  central  discoloration  appears  in  the 
t  it  quickly  enlarges,  and,  in  twenty-foiu-  hours  or  less,  the  vesicle 
Iniform  purple  or  leaden  appearance  ;  simultaneously  with  this 
if  not  before  it,  there  appears  round  the  base  of  the  vesicle  a 
floured  areola,  about  a  line  in  width,  which  does  not  fade  on 
t.  These  sub-  and  peri -vesicular  ha-morrhages  may  be  co  extensive 
t  eruption.  They  are  often  seen  on  the  lower  extremities,  especi- 
Ithe  legs ;  in  other  ense&  on  the  lower  and  upper  lind)s  aiul  trunk. 
Others  on  the  face  also.  As  the  vesicles  fill  and  are  distended  by 
irhich  is  usiuilly  quite  clear  and  free  from  blood  or  htcmoglobin,  the 
icular  hicmorrhagcs  disappear  from  view,  but  the  clarcty  areola* 
There  is  sometimes  hremorrhage  from  the  mucous  surfaces  and 
tiieys,  but  this  iH  not  so  niarkeil  as  in  the  other  variety  of  hwmor- 
cases  (Class  A).  There  is  often  much  fetor,  great  thirst,  and 
deliriiun.  Albuminuria  is  present  in  a  large  jwrceutage  of  the 
The  tempeniture  mnges  between  99'  and  102'  F.  in  the  vesicular 


eUigti  i  aiid  la  the  pustular  rises  to   10d'-104'  F.,  or  even  higher. 

piil»L>  is  i-apid  ami  we^ik.  Rocovcry  is  not  infrt»|iienL,  especijJIy  if 
and  peri-vcsicular  hrinorrba^es  Iw  confined  to  the  lower  extremilio*,  udj 
to  a  Igw  vesicles  ou  the  tnuik  or  arms  ;  but  ii  the  h^viuorrbu^o  be  nn  l| 
face,  Lriiitk  and  oxtruitiiLieu,  iind  Lbc  eruption  coiitliieiiU  recovery  does  no 
take  place.  I  have  scon  u  fatal  cose  of  discrete  ismall-iMX.  wiib  nib 
vesiciUar  biernurrhuge  under  every  vesicle,  but  no  purple  spots  or  petecbii 
and  no  trace  of  hieiuorrha^e  from  mucous  aurfaeeH.  Vcftieular  and  pustiii 
hiL*morrhagic  small  pox  may  be  oithor  contluunt  or  diacroto,  but-  i^  mfii 
commonly  conHuuut,  and  attackii  l>otb  vaccinated  and  unv.iccitul 
subjects. 

Psendohtt'iiMrrha^  Cast^. — There  is  a  form  of  small-pox  sometiiM 
called  h»imorrhagic  vesicidar,  in  which  the  appeai'aucee  ai'e  aa  follows: 
No  ciitaneous  or  subcutaneous  hfcraorrha^es  penetrate   either  into 
pjiits  of  the  skin  free  from  eruption  or  into  the  skin  under  the  voiie 
About  iho   fourth  i>r  fifth  day   the   vehicle*,    when   filling   with  wniin. 
aoipiire  a  purple  colour,  tinged  with  rc<l,  due  to  the  voaiculiu*  fluid  btinj; 
stained  by  h;eraoglobin.     The  vesicle  is  ustuUy  well  filled,  and  un  b 
pricked    reddish  serum   encapeti.     This   is  a   totally   different  comtiu< 
from  the  sub-vesicular  haemorrhage  above  described,  which  appeal'^  on 
second  to  the  fourth  day  of  eruption,  and  disappears  from  view  *s 
vesicle   HIls   with   ckyir   lymph.      In   women   some   uterine   hmmorrh 
sometimes  occurs.      The.sc  pscudo-hiomorrhHgic  nttai^ks  occur  in  vaeciuut 
subjects.     Recovery   is   usual,  and   ciLses  of   this   nature  are  frumotii 
recorded  as  recoveries  fi'om  black  small-pox. 

Inoculated  Smallpox.  —  On  the  second  day  after  iiioculatiou 
skin  at  the  points  of  inoculation  is  puckered,  and  of  a  yellow  colour. 
the  third  day  a  p<ipule  luis  formed  ;  on  the  fomth  a  vesicle.  On 
sixth  day,  if  inoculation  bis  taken  pbico  in  the  arm,  the  axillary  gl 
are  swollen  and  i»iiinftd,  and  on  the  seventh  or  eighth  ilay  the  vi 
hjis  become  a  pustule.  The  tcm{x*rature  is  raised,  and  there  zuiiy 
heiulaehe,  backache,  and  vomiting,  followed  wxin — eighth  to  tenth  daj 
by  the  ehamctcristic  general  eruption  of  smiUI-pox.  luoculatcd  small-f 
usually,  but  nut  invariably,  runs  a  mild  course. 

Second  Attacks. — ^These  undoubttully  i>ccur,  but  they  art?  qi 
excepliunal  Many  small  pox  [mtients  state  that  they  have  had] 
pix»vious  attjick,  but  if  careful  iinpiiry  be  ma»le  into  the  symptoms, 
tribution  of  eruption,  and  duration  uf  illness,  and  the  sears,  if  iiny 
cxiimined.  the  alleged  first  attack  will  usually  turn  out  to  have 
chicken-|K)X.  In  three-fourths  of  the  cases  of  alleged  secoikd  attack 
have  come  under  my  notice,  I  was  able  to  satisfy  myself  that  the 
aiUck  had  been  one  of  chicken-pox  ;  and  in  most  of  the  others  thtm* 
not  sufficient  evidence  to  shew  whether  the  first  attack  had  been 
pox  or  not.  t  have  not  seen  u  secotid  attack  in  any  one  who  bore 
misUikable  evidence  of  hitving  had  antecedent  small -pox.  The 
usually  mil  a  mild  cimrse  like  that  of  mtxlified  small-pox,  but  imtlaiii 
in  which  the  second  attack  was  severe,  are  said  to  have  occurrod. 
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Small-pox  after  Revaccination. — In  the  majoiity  of  cases  it  will }« 
>tmcl  thai  the  revaccination  hiid   been  ungucces^fiil.     Some  persons  who 

Pbecn  fiwcccfisfully  ^evHCcin^aod  do,  however,  conti-act  sniall-pox.  Of 
observed  by  me  the  tinie  intervening  between  the  revnccination 
Iht;  allack  of  small  {jox  v.iricd  from  one  to  twenty-five  years  :  the 
vuni^c  being  ten  years.  The  uttiick  Ia  usmilly  mild  and  motlilietl,  Init  J 
WW  *eea  a  case  of  pure  ba.'mun-ha^MC  small-pox  in  a  woman  who  stjuc<l 
bt  she  bad  been  successfully  vaccinutod  four  years  previously  ;  and  on 
wurm  were  scats  alleged  to  )>e  due  to  and  indifltinguishatile  frnm  tho^e 
entiling  from  vuceimition.  1  have  not,  however,  seen  fatjd  smallpox 
Quiyoni;  whost  prim;iry  vaccination  shewed  not  less  than  one-tliird  of  a 
i|U.irv  inch  of  well-foveated  scars,  and  who  ha<l  also  been  successfully 
Bvacciiiateil. 

j^finall-pox  In  the  Foetus. — This  is  said  to  have  f»ccurred  as  tarly  as 
^^mth  monih.  The  Liability  of  cho  fa^tus  to  small-pox  is  not  great, 
Wk.  appears  to  increase  directly  with  its  age.  It  is,  however,  oxcep- 
Hn9  to  find  that  infants  bom  of  variolous  mothers,  even  during  con* 
ileKence,  have  bad  small-pox  in  utero,  or  thai  ihey  are  sutlcring  from  it 
I  the  time  of  birth.  Of  half-aKlozen  infants  born  of  variolous  mothers 
hicb  have  come  imder  my  observation  only  one  had  small-fKix  at  the 
me  of  birth.  But  infants  have  been  born  at  the  full  time  who  had 
ideotly  passed  thmugh  an  attack  of  small-pox  in  utero.  Of  the 
i&hts  Ixjrn  of  variolous  mothers,  some  develop  smaD-pox  a  few  days 
ter  birth,  having  oontntctod  the  disease  in  utero  ;  others  contract  it  at 
rth.  the  eruption  appeiiring  at  the  usual  time ;  and  a  few  are  in- 
L**ceptible  both  Lo  Kmall-pox  and  Ui  vucciniu.  Cases  have  liei-n  recorded 
infants  wiih  the  cniption  of  small-jiox  well  developed  ut  birth,  the 
ixliers  not  having  had  amall-fxtx  ;  and  in  one  such  case  the  mother  is 
1^0  have  conti-uctcd  small-iiox  from  hvr  infant. 

Hdhi  plications. — A  numlier  of  com  plications  arise  in  small-pox,  many 
Eg  due  to  pyogenetic  infectiun  from  the  skin  and  mucous  mcmliranes 
the  mouth,   throat,   and   respiratory    Lnurt.       As    would  naturally   be 

Peil,  such  complications  oeciu'  much  more  fi-oquently  in  severe  than 
i  attacks. 
rn  tiW  Sttft/^uUtneous  Tissw^.  —  Multiple  suiwriicial  absecssos  or 
are  the  most  frequent  of  all  complications.  They  are  more 
dinon  afi*^r  severe  than  after  mild  attacks,  and  appear  during  or  after 
I  etiige  of  decrustation  ;  they  arc  situated  usmdly  on  the  extremities,  face, 
lb,  find  back,  vary  in  size  from  that  of  a  large  pea  w  a  walnut,  or  larger, 
Ettatiended  by  much  pain  or  constitutional  disturbance,  and  are  often 
pent  in  large  ntmd^ers.  Large  absceitses  on  the  shoulders,  hips,  limbs, 
d  neck  are  not  uncommon.  They  aie  painful,  often  extend  deeply, 
d  are  not  infre<|uently  accomjKinied  by  SHplic  symptoms,  which  are 
BMJtimus  very  severe,  and  in  riire  cases  death  may  result.  Ischio-rectal 
ucciu's  occiisionally.  Gangrene,  affecting  isolated  are;is  of  skin. 
acrotiim,  penis,  ami  jKirts  of  skin  subjected  to  presstn-ei  0€Ciu*s,  but 
lih  the  course  of  severe  attacks. 
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Cellulitis,  usually  aflbcting  the  extremities,  supen-enes  in 
fluent  cases  during  the  slago  of  decnisUtion.     It  rimy  be  wiHeaprcad  wsA 
extend  <leeply,  sometimes  invohiiig  a  whole  limb ;  the  nffected  |Mn 
red,  brawny,  and  hot  to  the  touch ;  extensive  sloughing  of  tiasuw 
tjike  place  eveu  if  the  p;irt  bo  deeply  and  freely  incised ;  such  ca«e«  ctf( 
pruvu  falid. 

Krysipelas  is  not  infrequent ;  it  comes  on  during  the  ecabbin!;  «t 
or  Uter,  mostly  attacks  the  face  and  sudp,  or  the  anus,  ami  6»iintti 
the  scrotum ;  it  is  apt  to  8pre<id,  and  is  attended  by  pyrexia.  U1 
extensive,  the  constitutional  snnpioras  may  Iw  severe,  and  thw  p 
if  weakened  by  a  severe  attack  of  small  •  pox,  is  not  ontikely 
succumb. 

OUiiiiHte  Hcnu  pustulosa  of  the  nose  and  face  is  uob  uncommon  duni 
convalescence. 

A'yr>. — There  is  frequently  much  eruption  on  the  eyelids  and  oo  iV 
edges  of  the  lids,  accomjjanied  with  pronounced  wtieuia.  A  vaiidt 
larely  forms  on  the  conjunctiva.  When  present  it  is  small,  being 
unlike  a  phlyctenular  ulcer.  There  is  considerable  conjunctival  injc 
and  swelling,  with  Jiome  hicriniation  and  occasionally  muco-pnm 
discharge,  tlie  symptoms  lasting  about  a  week.  Later  in  the 
phlyctenular  ulcere  are  not  infrequent.  Conjunctinlis  is  pi 
large  [irojxjrtion  of  confluent,  and  in  a  nmall  pro]>ortion  of 
cjLscs ;  it  occurs  mostly  during  the  vesicular  and  pustidar 
sometimes  during  convalescence.  In  adults  and  children  01 
years  of  age  it  is  not  usually  severe,  and  subsides  under  suit 
treatment.  But  in  unvaccinatwl  infants  and  children  under  it 
years  of  age  it  is  not  infrequently  attended  by  profuse  pur 
discharge,  with  swelling  of  the  lids,  the  up{3cr  »<»  overlapping 
lower  that  it  is  with  the  utmost  difficidty  that  they  can  be  op 
In  favourable  cases  it  yields  to  treatment,  but  in  others  corneal  ulc 
4levelo[)s,  or  keratitis  sets  in  followed  by  sloughing  of  the  conies, 
or  complete  anterior  staphyloma  resulting.  Simple  corneal  nicer 
not  infretpiently ;  it  usmilly  yields  r&idily  to  appropriate  treatment 

A  {>eculiar  form  of  cuniea)  ulcerati(m  is  sometituL>i4  met  with.    U' 
quite  superficial,  begins  at  the  margin  of  the  corneji,  gnidually  creeps 
one  side  to  the  other,  and  denudes  the  cornea  of  its  epithelial  layor. 
\A  accomp;inicd  by  pain,  photophobia,  and  injection  of  the  corneal  2orw 
i-essels  and  of  the  conjnnctiva;  infiltration  of  the  deeper  layers  of 
corneji  does  not  occur.     As  the  ulceration  progresses  the  rene>ru]  oi 
epithelium  follows  on  closely,  the  ulceration  shewing  as  u  thin  line  w 
creeps  from  one  side  of  the  cornea  to  the  other. 

Kenktitis  is  of  fairly  conmion  occurrence,  especially  in  conilueni 
It  afl^ect*  adults  as  well  as  children,  but  the  bUt-cr  more,  in  proportJ* 
Kubbiag  of  the  face  on  the  pillow,  especially  in  children  with  ctmflae 
eruptions,  leJuls  to  remov;d   of  the  epidermal  covering  of  the  vesicle" 
the  lids,  i^  that  the  lids  become  liatxl   and  stitf,  and  very  often  ktiraiil 
follows  soon.     It  sometimes  occurs  in  the  late  vesicuUir,  but  more  ofi 
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the  pitsuilAr  and  incrusUtion  sUges.  Ii  usually  A6ecu  oit«  eye,  or  if 
ith  eyes,  one  Iobb  sevcrel}'  than  the  other.  Pbotophobii^  and  increased 
tn-ocnlar  tension  are  generally  present :  as  a  rule  the  inHanimation 
Ij^ns  at  the  outer  margin,  and  18  often  limited  to  one-haU  of  the 
>mM ;  it  is  sometimes  accompanied  \yy  hypopyon,  in  other  cases  by 
iirtighing,  and  formation  of  a  deep  perforating  ulcer.  If  the  ulcer  be 
x^  very  deep,  the  opficity  often  disappears  in  time,  though  it  is  eome- 
Ibbs  permanent.  The  whole  coniea  may,  however,  be  involved,  in 
rbidi  cue  there  is  great  danger  that  the  sight  of  the  eye  afi'ected  ^nU 
Id  loit.  Li  keratitis  occurring  during  the  course  of  conllucni  attacks, 
f^iftlly  those  in  which  the  vesicular  eruption  is  flat  and  pasty  in 
ifi|iBiirance,  there  i*  often  complete  absence  of  injection  of  vessels  of  the 
onjuuciiva^  or  of  the  corneal  sonc.  and  no  photophobia  or  lacrimation. 
\)a^  first  sign  of  its  onset  is  diminished  lustre  of  the  cornea,  which 
Doles  dldl  and  sluggish  ;  it  <|uickly  becomes  cloitdy,  and  the  whole 
laineft  may  become  opaque  in  from  twenty-four  to  thirty-six  hours, 
■fday  or  two  it  sloughs,  discharge  of  the  aqueous  humour  follows  with 
I^Me  of  the  iris,  protrusion  of  the  lens,  and  complete  anterior 
tephyloma ;  or  even  panophthalmitis  miiy  ensue.  In  other  coses  only  a 
iortion  of  the  comeji  sloughs,  and  if  the  perforation  be  small,  a  small 
Uphyloma  only  results.  This  fonn  of  keratitis  is  often  limited  t<,)  one 
>'e,  but  if  both  be  affecte<l,  one  usually  suffers  less  than  the  other. 
Mindness  dne  to  smallpox  usually  arises  from  kenaitis,  8omt'ti?ne8  from 
«ep  corneal  ulcer. 

Retinal  hu'moiThage  occurs  in  some  heemorrhagic  cafics.  Iritis  is 
cctBOually  seen  ;  cyclitis,  choroiditis,  and  retiuitis  are  vei'y  rare.  Orbital 
i^Oulitis  is  met  with  in  a  few  cases. 

WrfM  mtdia  is  tmcommon,  occurring  usually  in  children  with  severe 
Uacks  during  the  stages  of  pustulatiun  and  desiccation.  Sometimes, 
Wngb  rarely,  facial  [wralysis  follows ;  mastoid  abscess  is  very  rare, 

lit^firati/ttf  Tnict  ami  Lun^ja. — Kosal  catarrh  is  nire,  and  only  occurs 
I  a  very  few  conHuent  cjwos,  Epistaxis  and  ha*moptysis  arc  seen  in 
"'tnorrhagic  small-p(>x.  Lar^'ngitis  is  usually  caused  by  the  presence  of 
sides  on  the  mucotis  membrane  of  the  larynx  :  it  occurs  in  vesicular  or 
fttular  stages  in  a  large  number  of  continent  and  occasionally  in  discrete 
tee.  Its  onset  is  usually  gradual,  and  is  attended  by  husky  voice, 
yngcal  cough,  and  not  infrequently  by  dyspno?^  which  may  render 
'^^heotomy  or  intul>ation  necessary.  Immediate  rulief  is  often  thei-eby 
l^ned,  hut  unless  the  patient  be  young,  and  the  attack  of  smalljtox 
torery  severe,  recovery  seldom  Uikea  place.  ^loat  confluent  cases  with 
^ttgeal  oliBtruction  have  bronchitis,  and  many  exhibit  sigiis  of  hypostatic 
tsnmonia,  sometimes  of  bronchopncumoni;i.  Ulceration  of  the  Iar}n»x 
tl  necrosis  of  cartilages  occurs  in  a  few  cases.  lEdema  of  the  glottis 
comparatively  rare,  Bntnchiiis  is  always  jiresent  in  severe  cAses, 
>Dg  attended  by  frequent  cough  and  much  expectoration.  In  un- 
-cinated  children,  bronchopneumonia  is  not  infrequent,  very  often 
^ing  fatal ;  in  adults  it  is  less  common.     Pleurisy  with  suppurative 
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cllitsion  ami  lobar  pneumonia  occur  ocoasioniUly  in  eevere  ntUcks,  for  iW 

most  ptirt  (luring  tliu  stngijs  of  inoruntation  ami  lUwn illation. 

IHgestiit  .Sy.s^m. — (ilossitis  of  varying  sevi'rity  occurs  in  ihe  vnumhi 
or  pustular  BUtges  of  eorilluent  cases.  Wbeii  severe  it  i«  acundeO  W 
much  pfiin  :  the  ton^iu  is  ofl«n  cnormouHty  swollen,  tilU  up  the  variiVM 
the  mouth,  protrudes  from  the  lijia,  and  prevont^  the  jiuticnt  tJcii^ 
nourishment.  GIuHsitis,  if  etivere^  is  lUtiiHlly  u  fnUil  compiiutiun 
I'lLrotiti.H  Ik  tiot  unc-fiminun,  in  Homc  chhos  tmiliii^  in  »iuppuniliun. 

I'lcoiation  of  the  piilatc,  fauces,  jind  plmrynx,  iitc«itdcd  hy»  nugew 
condition  of  the  nrntous  uiemlmiriH  due  to  rupture  of  the  vtwide*,  is  tm 
ihfr64]uent ;  and  if  the  entption  \m^  very  copious,  the  fauce«  &nd  tonal 
appear  to  be  invested  with  dirty  disintegniting  liiphtheritic  membrane 
the  condition  if^gemhU'^  l)ut  is  not  diphthcriii.  Diphlheria  is  vm- nr 
in  small-pox.  Ulcerativo  fttonuititis  occurs,  but  gangrenous  gtnnwuti 
is  rare.  Tharynifitis  is  usiuil  in  itatient^  with  much  eniptiou  iu  thi 
pharynx  \  {K>8t-pharyngoa1  abace«8  is  of  rare  oocnrreticc. 

Heart  ami  Hhnvlvt.'^ls. — Myocarditis  is  present  in  a  large  nnmlvrn 
severe  cases.  Pericarditis  and  infective  endocarditis  are  extremely  nn 
IMilebitis,  UBuatly  of  the  lower  limbs,  is  of  infrequent  occurrence  tltiriqi 
the  stjige  of  incru.statton  or  later. 

.tb'i'iiinHtil  I'mrra. — roril-onitis  is  uncommon.  1  have  seen  It.  in  w 
adult  miUo,  a^soci.itt^d  witli  pleurisy  ;  in  another  case  it  wax  limiKxi  *>'• 
rhc  l<^ft  bypfwhondrinm  and  to  the  epigri-mriuin,  the  spleen  being  utadiM 
with  large  infarctji,  and  in  twu  casei§  after  alxirtion.  Aliscesses  in  tM 
liver  and  kidneys  hjive  l>eon  recortled,  but  ai*e  excewlingly  rare.  Inlaitti 
are  soraeLimcs  found  iu  the  spleen.  Albuminiu-ia  is  fretjuent,  1^ 
nephritis  is  imoommon  ;  I  have  seen  the  latter  during  convalescenoe 
Cystitis  occurs  uccjisionally. 

Septicieniia  appears  in  many  confluent  cases  during  the  Btagtf  ^ 
ptwtulation  and  incrust^Uion,  ami  later  in  case.s  complicated  with  il«ci 
abscesses  and  extensive  cfllulitia,  Pyii-niia  occurs  ticcasionally,  ami  i 
sometimes  associated  with  acute  infective  chiuiges  in  some  or  all  of  A 
princijwd  joints.  H 

lifti'ti  Hint  ism  is  exceedingly  rare,  but  may  occur  in  convalet^l 
Chr/ii/i",  often  double,  with  effusion  into  the  timica  vaginalis  occurs** 
usmilly  in  tho  ptwtular  and  incnist^ition  p<iriods.  ihariiUi  I  have  w 
seen,  but  it  is  saiil  to  have  occiured.  Phimosis  and  j)ftrajthin»tni  » 
sometimes  sei^n  in  children.  CeUtditis  nf  thr  scroluvi,  sometimtis  invnlv^ 
the  [M'ni«,  comes  on  in  some  sevt'ro  cium's  durin;^  tho  second  nrthinl  vti** 
The  pirls  are  [)ainfu1  and  tender  to  the  touch,  intonricly  red.  hard,  i* 
much  swollen.      In  extreme  cases  Rloughinii  of  the  tissues  takes  plare. 

Xrrnnts  Sysfnn. — This  is  j>erhHp«  more  often  involved  in  anmll-i" 
than  in  the  other  atiite  cmptivo  infectious  diseases.  Tlie  ntrv« 
manifcstiitiona  appejir  during  any  stage  of  the  attack,  usually  dcvel 
rapidly,  ftud  may  originate  in  the  brain,  spinal  curd,  or  jwripbv 
norvtis,  the  spinal  coitl  being  more  freipienlly  affected  than  the  braiiu 

Initiad  Stage. — Tho  intense  headache  ia  not  infrequently  aitoi»d 
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viih  dt^Uriuni,  which  usu;Ul_v  tful^tsidus  when  the  einiptioii  has  coiun  out 

I  L'xitt  abated  ;  but  in  some  iuatances,  of  which  I  have  seen  one, 

■  iSjQ  acute  munla.    In  tbo  vc^iciihu'  biumorihagic  form  it  i%  often 

lotis  and  violent  from  the  fii'st,  and  only  cea»u»  with  the  deiith  of 

:,,  j,L:ieut;  in  others  there  ia  some  remission  during  the  vesicuhir  stJi^'e, 

with  exaeerltatioD  when  pustulation  l>egifis.     Convulsions  not  infrei|uent1>' 

occur  in  childruu   in   the   initiid  t-i.-ige  :  uomn  of  varying  iuLenstty,  with 

nrhioh   may    be   aasociated    panlysis,    either    general    or   aflcoting    the 

otNauties  only,  is  preKent  in  .some  instancea.      In  others  a  mental  and 

AUuir  condition  simihir  tu  that  caused   by  alcohol  oueurs,  iuid  ]Maier\ts 

ibewing   such    symptoms    in    the   initial    stage   of   smalb[H3x   have    not 

tuir«i|uenLl3'  been   thought  to   he  drunk.      Tlie  coma  UBually   luufsi's  oil' 

duriug  the  vesicular  stage,  but  the  paralysis  may  not,  and  is  oft«?n  long 

'itinued ;    should   recovery   Uike    place,   gradiud    improvement    begins 

ii  iiij  convatei*cenre,   but  some  die   in   the  acute   stji^e  of  the  illness. 

Haliticinations  and  melancholia  are  .sometimes  noted. 

Eruptive  and  later  Stages. — In  addition  to  delirium  and  the  occa- 
aofol  continuance  of  the  e;irly  coma  and  fuiralysis,  acute  mania  may 
davfibp  during  the  eruptive  stage  ;  some  recover,  but  others  become 
miwutly  insane.  In  one  case,  an  aUidt  male  luider  my  care,  with 
"  mild  m<xlitif'd  amalbpox,  no  remission  of  the  delii'ium  of  the 
-1-  took  place,  ami  it  merge*!  during  the  vesicular  period 
Utto  violent  mania  la.sting  about  a  fortnight ;  the  acute  condition 
gradually  altated,  ultimately  resulting  in  harmUiss  dementia,  ajid  after 
ilireo  months*  detention  in  the  hospital,  he  was  removed  to  a  lunatic 
«vlnm.  The  post-febrile  insanity  of  Bmall-|>ox  is  eometiraes  associated 
*ith  [lanilv^is. 

Of  the  gi-avor  forms  of  jxiralysis  incidental  u>  small -|K)X,  }*QYnpU<}vt^  of 

■"ki.'h  ft  considerable  number  of  instiuices  have  been  recorded,  is  the  mo&t 

•*rio«8  and  generally  proves  fatal.     It  usually  appears  in  the  pustular 

''*S*i  or  later,  during  early  convalescence,  is  geneiully  aecompiuiied  Ity 

P^nUyris  of  the  sphincters,  and  may  follow  either  mild  or  severe  attacks. 

"<  a  jKitient,  a  female  of  eighteen  years  of  age^  nmler  my  care,  it  occurred 

'"^  the  fourth  week,  during  early  convalescence  from  an  attack  of  discrete 

"atur&l  smiill-iox,  and  proved  fatal.     Ucmxj'Ufiity   is  much  less  fre<|iient 

tiittu  jwraplogia,  and  the  outlook  as  regards  recovery  is  much  more  bope- 

"*L    Aphasia  may  develop  concurrently  with  hemiplegia  or  independently 

^  any  associjited  jwralysis,  and  lasts  in  either  case  a  considerable  time, 

^siiidly.  however,  ending  in  recover}'.      Facial  paralysis  may  or  rm\y  not 

'|e  associ.-ited  with  otitis  media.     Penphcnil  nntritiA  is  very  rare,  is  itsnally 

umitwl  to  circuinsciilt^'d  areas,  and  may  be  associateil  with  jiaitdysis  Jind 

pG»T««nent  atrophy  of  special   muscles.     One  or  two  instances  of  ai'uU 

*^^rnitna  fxtrnhjxis  have  lieen  reconled,  and  one  case  of  meningitis ;  all 

**©ifig  falul.        Cerebral  and  nervous  complications  are  met  with  in  both 

"sodifted  and  natural  smiUl-pox.  and  occur  in  mild  as  well  as  in  severe 

Attjv^ks.      CfirthrtU  hivjHonhdije  is  very   uncommon.      I    have    seen   two 

^^^xces  in  adults  at  an  early  period  in  the  stage  of  pustulation  *.  both 
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proved  rapidly  fatal,  the  ha-niorrhago  being  on«-8ided  and  Ur^ 
I^HLtieiits  hjid  severe  attacks  of  smallpox,  one  being  of  the  v\ 
hiumorrliagic  lyiie. 

Aldrich  hus  recorded  a  caso  of  profound  ■new'nsthcnia  following 
6niall-]jox.  He  has  also  collected  particubirs  of  fifteen  rucunled  in 
of  iii&irmiiMtfji  emyjihahhin^flifiif.  'I'de  c^isen  exhiliiled  atiLxie  uiuie 
of  the  extremities,  usually  most  nmrked  in  the  legs,  slow  and  aw 
movements,  slow  monotonous  atwl  jerky  si>eech,  fnulty  nrticulatiQii,  I 
\iLrying  degree  of  mental  degradu-tion,  nn<l  the  symptoms  sbewetl  a deddsj 
tendency  to  imjirove. 

Pvf'tunnry. — Ijability  to  ahortion  inoreases  directly  with  tJie 
the  frelus  and  the  severity  of  the  attack  of  small-pox.      In  hfeDDorr 
and  severe  confluent  cases  abortion  invariably  occurs  if  the  patjenc  cnrnfi 
long  enongh  ;   in  the  furmer,  nut  infre<|ueritly  during  the  initinl  fiU^  a 
the  latter  UHuall}'  during  the  vesicular  stage.      It  \&  oft«n  attend<d  vitl 
much   hjemon'hage,   and  sometimes  the   placenta  is   retained.     All   \h 
hH:-nioi*rhagic  and  niuirly  all  the  conHuent  cases  die.      In  dincret' 
small-pox  abortion  is  nuich  less  frc*|nent  and  ihis  prognosis  is  ■ 
in  modified  Emall-p<»x  it  occurs  in,  perha]>8,  aljfmt  a  third  of  >' 
recover)'    being   n^nal.       In    the   discrete    natural  and    in    the 
diseases,  abortion  usually  tAkes  place  during  the  second  or  third 
the  diseitse,  sometimes  during  convalescence,  or  even  later. 

Sequels. — Pil/ino, — In  cas^s  in  which  the  skin  leainn  is  su{»erficial' 
piuing  is  slight  or  absent.  At  first,  on  the  separation  of  the  desiccated 
there  is  often  considerable  hypertrophy  of  the  piipilhv  at  the  site  of  th 
pustule,  the  epidemii.s  being  redilened  and  raised.  In  course  of  tunc  ihi 
8ul>5ides  and  leaves  the  skin  cjuite  smooth  or  faintly  pitted.  But  in  ruc 
iu  which  the  skin  lesion  is  deep  and  followed  by  ulceration,  the  pitting  i 
marke^l  and  sometimes  excessive,  being  most  noticeable  on  the  face,  whic 
sometimes  presents  a  ragged  vornicose  api>earance.  The  extent  an 
depth  of  pitting  are  in  direct  ratio  to  the  depth  of  the  doatructivc  inllan 
mation  of  the  piipiltw  of  the  skin.  In  a  few  confluent  cases  in  wbii' 
there  is  <lealructive  inflammation  of  the  corium  followed  by  deep  suppun 
tion  and  abscesses,  Iwnds  of  cicatricial  tissue  form,  and  a  chWul  cumlitin 
results.  The  face,  which  is  the  part  usually  allectod,  becomes  fttam* 
and  dlsfigurcil ;  distoition  of  the  eyelids,  nose,  mouth,  and  chvckt  ma 
result  in  much  f.^ci.al  disfigurement.  I  have  seen  an  extreme  insunt 
of  this,  the  {uitieiit  bciu'.'  ."^o  disfigiued  iluit  he  was  unuble  to  fio 
employment  for  a  long  time  after  his  recover^'. 

Ali'jtvcM  is  noticeublo  only  after  severe  attacks,  and  is  UKiuUy  nxK 
marked  in  adults  than  in  children.  If  the  depth  of  the  lesion  be  snch  a 
to  destivv  the  hair-follicles,  permanent  partiid,  sunieltmes  jdmost  cotnpln 
Hlct|>ecl'L  follows.  But  in  many  cases  the  hair  gnjws  Again  in 
!d>undHnct\     The  nails  are  sometintcs  she<1. 

Pvjm€iiiatvm. — ^When  the  desiccfited  scabs  fall  off  there  is  in  all 
ft  red   discoloration   which  lasts  a  conaidemble  time.      In  vesicular 
pustular  hiemon'hugic  cases  there  is  dark  pigmentaiiou  ol  skin. 
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m-vrkwl  on  the  lower  extremities.     This  pigmentation  lasta  ft  long 
;uul  tlifia{>pear8  vory  slowly. 

ilfrrulogU  of  thf  luni/.f  occasionally  follows  n  severe  ftltack  of  sraall- 
[eiihor  <lunng  convalescence  or  later,  but  it  is  u  rare  sequel. 

mvalescence  lasts  a  vanMng  jwriwl — from  a  week  in  the  mihlest 

to  iDAny  months  in  the  most  severe ;  a  few  piLtients  never  com- 
pletely regain  their  health.  But  in  most  cafles  ultimate  recovery  is 
MQi|iIete,  and  it  is  not  an  unusiinl  occurrence  to  hear  jmtients  aft.<*err.  long 
lifter  recovery  from  severe  small-pox  that  they  enjoy  better  health  than 
before.  Kecovei-y  from  discrete  and  mild  ciinlhient  sniall-pox,  unaccom- 
puicd  by  hn'morrbagic  symptoms,  whether  in  vaccinated  or  unvaccinated 
»8l>jocts>  is  in  almost  every  case  rapid  and  complete.  Recovery  after 
men  contluent  and  vesicular  and  pustular  h»>morrhagic  attacks  is 
onully  slow,  and  is  often  retarded  by  the  occurrence  of  serioua 
■Bpli  cations. 

^ptliL*  duration  of  the  infectious  period  is  bo  variable  that  a  hai'd  and 
mnilc  as  to  its  limits  cannot  bo  laid  down.  It  varies  from  a  week  in 
tlw  mildest  to  two  months  or  more  in  very  severe  cases.  In  discrete 
<a«ea  with  abundant  enipl-ion  it  lasts  usually  three  to  four  weeks. 
tJoder  the  thick  epidermis  of  the  palms  of  the  hands  and  the  soles  of  tbo 
(iwt^and  under  the  nails,  many  of  the  pustules  do  not  rupture,  and  must 
^  cut  out. 

A  miall-pox  convalescent  should  not  be  allowed  to  go  out  in  public 
"'til  the  medical  man  has  sivtisfiod  himself,  by  iwrsotial  observation,  that 
1*6  whole  of  the  skin  is  free  from  crusts,  desiccated  unruptured  pustuk'S, 
id  powdery  debris. 

The  co-existence  of  small-pox  with  other  acate  infectious  diseases, 
ch  in  the  acute  stajje,  is  very  ran:  in<lL'(;d.  In  olwerwitionH  eprcud 
*»•  a  sencs  of  years,  including  many  thousands  of  cases,  I  have  mily 
iti  a  few  caseB  of  concurrent  small-jiox  and  whooping-cough  ;  twu  cases 
th  membrane  in  the  larynx,  and  one  with  membrane  in  the  tmchea, 

Kembranc  being  aimilur  to  that  of  laryngeal  and  tracheal  diphtheria. 
of  the  recorded  cases  of  co-existence  of  8mall-i>ox  with  scarlet  fever 
-ith  measles  are  iuKtances  of  scarlatiniform  and  morbilliform  initial 
'lies.  Welch  and  Schamberg  record  a  case  of  concurrent  small  pox 
i  chicken-pox.  Of  course  one  or  other  of  the  acute  infectious  diseases 
■^y  occur  in  smalI-|>ox  patients  during  the  stage  of  dccrustation  and 
ring  convalescence. 

^fjry&^\a&  occurs  in  the  incrustation  and  convalescont  stages  of  small- 
K^but  I  have  not  seen  it  in  the  acute  stage. 

HUa^nosls. — Difficulties  occur,  firsts  in  tho  initial  stage  ;  second,  in 
^eruptive  stage  ;  and  it  is  not  possible,  nntil  the  initial  symptoms 
^^  been  followed  by  the  characteristic  eruption,  to  make  a  positive 
Miosis  of  small-pox.  Nevertheless,  even  in  the  initial  stage,  if  due 
-jght  be  given  to  coitain  symptoms,  some  approach  to  a  correct 
^^osis  may  be  made.  Should  a  person  be  suddenly  seized  with  head- 
bo.   severe  backache,   rigors,  epigiistric  pain,   nausea  with  or  without 


vomitmg,  und  complece  anorexia,  and  should  these  svmptoinft  be 
panied  by  high  temperature,  rapid  pulse,  and  (though  not  at  fir'^t)  iub 
prostnition,  the  onset  of   small-pox   may   bo  strongly  gii^[tect«c].     If, 
addition  to  ihese  33'm])titmH,  on  the  Hret,  H(M:oiid,  or  third  day  a  ptti-ctui 
erythematous    i*Hsh   appear   on    the   a)>domino-crurtU   triangle,   vriili 
without  it8  appearance  on  other  flexor  tiurfaces,  one  may  say,  almost 
certainty,  that  the  disease,  will   prove  to  l>e  small-pfix.      A  tnKtwnr 
history  of  definite  exposure  to  the  infection  of  small-pox  within  thi!  nsB 
limits  of  the  inouhation-jwriod  would  materially  increase  the  pntlcibili 
of  the  caau  heing  sniall'jKjx.     hut  the  ])rol>abilily  is  inoreafted  to  certoml 
if  on  the  second  or  tliird  day  of  illness  there  appears  an   eniptiou  d 
red  niaculeA  on   the   face,   extremities,   and,   to    a  less   extent,  oil 
trunk,  which  soon  after  th(M'r  appearance  arc  raised,  distinctly  bard 
"shotty." 

A.  Dintjimm  in  the  Iniimt  Stage. 

In  its  initial  stage  small-pox  conntt^rfoita  certain  acute  infectious 
other  diseases,  notably  scarlet  fever,  measles,  t3-phus,  syphilitic 
influen/a,  erythemas,  Gennan   measles,  lumbago,  cofiaiva  eiiiptjon, 
menstnial  rashes. 

Smrkt  F(vtr. — The  symptoms  common  to  smnll-pox  and  scariet  U 
arc  heailache,  nause-'i  or  vomiting,  anorexia,  rigors.     The  pyrvxiA  a 
varied  degree,  the  pulse  is  rapid,  respiration  is  (juickencd,  and  in 
the  skin  may  be  dry. 

Symptoms  peculiar  to  scirlet  fever. — The  patient  usually  oompliltf 
of   sore    thivjut.      On    exaiuination   a    bright   red   ring  of   injoctioD  b 
seen  on  the  uvula  and  free  edge  of  the  soft  palate  and  pillars  of 
fauces ;  and  there  may  or  may  not  lie  inflammation  of  the  t-onsils 
dot«  of  u.xudatinn  in  the  crypts;  perceptible  enlargement  of  the  cf*nTC 
or  suVimaxillary  glands  is  present  in  many  eases;  the  tongue  is  ciHit«l' 
a  white  fur,  the  swollen  papilUe  showing  red  on  a  white  ground. 

Sytnptflms  fjoculiai-  to  small-pox. — Severe  backache,  absence  of  sea 
injection  or  inflammation  of  the  fauces  such  as  is  usually  present; 
8e;alel   fever,   no  cidargement  of   the  cerviwil   or  submAxillarj*  gl 
The  thiyjiU   may  feel  dry,  but  is  not  sore.     The  tongue  may  be  coat«*« 
but    its    papilhe    are   not   etdarged.      In   most  cisos  of   fimall-|xn  0^ 
temiwraturc  is  higher  than  in  scarlet  fever;  bnt  in  hu-morrhagic «nitf^*~ 
pox  with  seailatiniforra  initiid  i-ash  the  temperature  is  oft^n  low. 

If  the  initial  erythema  of  small-pox  be  general,  enveloping  the 
of  the  ffice,  neck,  trunk  and  limbs,  it  resembles  the  ru^h  of  scarlet  h 
but  on  looking  closely  it  will  Iw  noticed  that  the  pimctate  appeal 
which  is  always  present  on  the  thighs  and  arms  in  the  oiw.*  of  br 
scarlet  rashes,  does  not  appear  in  the  initial  orytbenia  of  smallpox, 
the  groins  there  will  most  probably  bo  a  more  marked  deepening  of 
tint  of  the  rash  than  is  to  Ije  noticed  in  scarlet  fever.     It  may,  how< 
be  imix)ssible  to  arrive  at  a  diagnosis  from  the  appearance  of  the  erupt 
The  fauces  should  therefore  be  examined.     In  a  case  of  sairlet  fever  wit>* 
an  eruption  so  extensive  and  bright  there  will  t>e  marked  re<lnes8  of  tl^ 
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ring  and  tonsils,  with  probably  some  swelling  of  the  latter.  There 
f  be  some  rtKldening  in  small-pox,  but  the  charnoteristic  appeamnces 
Kfirlct  fever  will  bo  al>sent. 

If  the  erytheniu  be  partial,  limited  to  the  trunk  alone,  or  to  the  tnink 
I  flexor  surfacus  of  the  limlis,  scarlet  ft-ver  may  Iw  exchidefl  by  the 
aice  of  oniption  on  the  neck  and  upper  part  of  the  chest,  by  the 
Mice  of  faucial  injection,  and  of  cervical  and  submaxillary  glandular 
tteoment.  The  rash  of  suirlet  fevur  in  usiuilly  )>ri^ht«r  in  tint  than 
Krliktiniform  rash  of  small-pox  ;  further,  in  a  large  numl>er  nf  cju;os 
^flifulty  in  the  diagnosis  will  not  arise  if  it  Ihj  remembered  that 
5<:  initial  scarlatiniform  rj»shes  dt)  not  occur  in  children  under  ten 
iK  of  aye.  I'aitial  initial  scarlatiniform  erythemas  present  perhaps 
I  dillieulty  in  diagnosis  than  jfunenil  gratlaiinifi>nn  erythemas. 

The  eruption  of  scarlet  fever,  howci"er,  occa.sionally  counterfeits*  the 
lial  [HiUJcbio-erytlieraatous  rash  of  small-pox  so  closely  that  a  mistake 
jii^enosis  may  readily  occur.  In  Buch  cases,  alon^  with  t^'piciil  scarlet 
laaimatioii  of  the  fauces  and  enlargement  of  the  submaxillary  anrl  cervical 
ods,  there  is  a  I)rilliant  warlct  rash,  with  minute  purple  petechias 
iwing  on  the  neck,  just  above  the  claviclt*^  luid  in  the  gmins.  It  is 
it  necessary  that  particular  care  bo  taken  to  weii;h  well  the  significance 
the  faucial  inflammation  and  cer\'ical  and  submaxillary  glandular 
u^^emcnt  that  are  invariably  to  i)e  noted  in  these  caj^es  ;  l>ecaUHe  the 
mie  purple  petechia'  in  the  groins  and  on  the  neck  are  indistinguish- 
e  from  those  that  appear  in  these  situations  in  c;ises  of  hiemorrhagic 
lU-pox  with  a  general  bright  scailatiniform  initial  rash.  After  ex- 
iling the  thiXHit  there  should  be  no  difficulty  as  to  diagnosis. 
Jfftw^A  —  Symptoms  common  to  measles  and  small  jwx  are— 
Mion,  pjrrexia,  rapid  pulse,  anorexia,  and  in  some  cases  suHiision  of 
conjunctiva*. 

In  measles  the  catarrhal  symptoms — lacriraation,  cough,  coryza— 
usually  present  from  the  first,  and  Filatow's  or  Koplik's  spots  will  be 
1  on  the  buccal  mucosa,  unless,  as  sometimes  happens,  they  have  dis- 
tored  shortly  after  the  eruption  lias  come  out  The  eruption  appears 
&«  akin  nstuilly  on  the  third  or  fourth  day  ;  it  consists  at  first  of 
ate.  raised,  pink  dots  Iwhinrl  the  ears,  011  the  forehead,  chin,  cheeks, 

neck,  rapidly  shewing  on  the  liml>3  and  chest.  Measles  mainly 
cks  childron  undsr  ten.  The  eruption  reaches  its  height  on  the 
od  or  third  day  of  the  rash,  that  is,  on  the  fifth  or  sixth  (3ay  of  the 
ate  ;  it  is  then  coraposetl  of  lai^e,  soft,  velvety,  raised,  pink  pajjules, 
fluent  in  many  ports  of  the  skin.  On  drawing  the  fingcra  across  the 
ihead,  the  spots,  although  y^i^vy  distinctly  raised  and  somewhat  re- 
int,  are  soft  and  velvetv,  nnt  hard  or  sholty.  The  temperature  in 
«lec  is  not  usually  hiidi  until  the  rash  appears,  and  it  reaches  \\a 
fht  with  the  full  devc]o]>ment  of  the  eruption. 

In  Binall-|>ox  with  initial  morbilliform  eruption  some  of  the  tiswal 
symptoms  \iiU  be  present,  but  there  will  be  uu  absence  of  Filatow's 
'&ad    catarrhal   symptoms,   though   p<isfiibly    there    may   be   some 


conjunctival  sufluaion.  The  initial  eruption  appears  on  the  first  or 
day  of  iUness  on  the  fuce^  trunk,  and  extremities  eimultaneooUy. 
ai>ots  At  tirat  arc  larger  in  size  than  the  miniice  siiuts  of  measles,  aiid 
eruption  has  spi-carl  over  the  entire  surfaco  of  the  skiu  by  the  time 
the  eruption  of  measles  is  beginning  to  appcur  on  the  fnce  nnd  n 
The  eruption  \&  very  slightly  if  at  all  raised.  It  d)8api>curs  in  tn-^he 
twenty-four  hours  after  it  has  reached  its  hcighi,  and  does  not  leare  ik 
faintest  stain.  Before,  simultaneously  wth,  or  imnjcdiately  aitw  the 
disappearance  of  the  nuih  the  papulei^  of  sniall-pox  appear  and  tbe 
temperature  falls.  If  the  initial  morbilliform  rash  be  partial  it  appeui 
on  the  groins,  ^ides  of  tlie  trunk,  the  flexor  surfaces,  or  the  exicour 
surfaces  of  joints;  it  13  not  accomih-ihicfl  by  oatarrhjil  sytuptouis;  nai 
having  regard  to  its  distril^iition,  should  not  give  AJiy  vxctise  for  i 
diajjfltMia  of  iae;taleji.  In  a  very  small  nundjor  of  eases  of  meafiles,  ob  lia 
first  or  second  day  of  the  disease,  an  initial  general  erythema  occnn  vlttd 
is  absolutely  indistinguishable  from  the  general  scariatiniform  erytbeouof 
»niall-pox.  It  is  seen,  hoivevur,  so  fai-  as  my  observation  goes,  onlrm 
children  nnder  ten,  the  age  period  in  which,  as  far  as  I  know,  tbe  miliil 
scariatiniform  rash  of  small-jwx  does  not  occur. 

Ttjphiis. — Symptoms  common  to  typhus  and  small-pox  are  pjTcja. 
headache,  rigors,  anorexia,  thirst.  In  typhus  there  is  ocoafjion.i.h  ■ 
initi.il  erythema  on  the  face  and  forearms  on  the  third  or  fourth  !' 
followtid  by  the  typhus  eniption  of  red  macides  on  the  forearms,  cbi-'- 
abdomon,  and  limbs  on  the  fourth  to  the  fifth  day.  Hardly  evtr  iW* 
the  eruption  of  typhus  appear  on  the  face.  The  macules  are  not  in  ih* 
faintest  degree  hard  or  raised.  In  small-pox  the  chanietenstic  erupt 
has  appeared,  as  a  rule,  by  the  third  or  fourth  day  of  illness,  and 
its  ap|>earanco,  or  shortly  after,  the  high  temperature  and  initial  »; 
toms  subside;  wherc-ia  in  typhus  the  temperature  is  continuous. 

Sppkilitic  Jioseola  ("Macular  Syphilide")  appears  usually  on  the 
and  face,  soon  changing   to  a  raw-ham  colour ;  it  is  not  necumpau 
by  initial  symptoms  of  the  severity  of  anudl-pox,  unless  it  uppe-^r  | 
Iter  a  debauch,  when  headache  and  malai&e  \vi\\  doubtless  be  pf««enW 
!'he    inguinal,   perha]w    the   cervical    lymphatic,   glands   will    be   foond 
enlarged. 

Injiurtisn. — Considerable  difficulty  may  be  experienced  in  the  diagnoo* 
of  snuiU-pox  ami  innuenza  on  account  of  the  close  similarity  of  tbtf 
initial  symptoms  of  the  former  disease  to  the  symptoms  nf  the  liUter- 
Tlie  n on -;ip|>ea ranee  of  the  characteristic  eruption  of  smallpox  on  ih^ 
third  day  will  solve  the  difficulty. 

Krt/tht^uuitt — In  many  cases  neither  the  initial  symptoms  nor  the  ini 
temperature  of  small-jKjx  are  present.      Rrythomas,  due  to  shelt-tish 
may  present  considerable  i-caomhlance  to  sm.tll-pox  initial  nuihes,  notti 
in  their  apytearance,  but  in  the  rapidity  of  their  dovclopmenU     If 
he   no  headache  or  bfickache,  and    the    temperature   not   much 
inijuiry  should  be  made  as  to  the  recent  diet  of  the  patients      In 
instances  the  cause  of  the  attack  may  thereby  be  discovered.     In 
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M|  of  food  poisoning  the  onset  of  the  sympioms  ia  more  sudden  than 
Bin  small- pox. 

^mrtfthrnux  Midiifurme. — When  neither  the  initial  symptnmR  nor  pyrexia 
^■n&ll-pox  arc  present  there  shouhl  he  no  diHiciilty  in  diji^nofiis. 
wT  t-rytheimi  niiiltiforme  is  Bometiniea  accompanied  by  high  pyre?da 
,wi  Avrnplomn  i'h)8ely  resembh'n^'  those  of  small-pox.  In  such  cases  it  is 
kflrabic  to  inquire  if  there  is  any  historj'  of  rheumatism — perhaps  the 
iftticnt  mny  have  had  an  attack  of  that  disease,  or  have  bad  n  similar 
vh  and  symptoms  before.  Should  a  history  of  rhenmatifim  be  elicited, 
I  wfMiId  be  advisable  to  wait  until  the  appeamnce  or  non  appearance  of 
;he  chanicteristic  symptoms  of  snuill-pox  solve  the  difficulty. 

fierman  meaj*l*s  the  initial  temperature  and  symptoms  of  small-pox 

jnt. 

ni/irt  Eruption. — In  this  there  is  usually  an  absence  of  the  initial 
)m8  and  temperature  of  sniall-pox. 

iba^  has  been  mistaken  for  small-pox,  but  the  absence  of  fever, 
:he,  and  other  symptoms  should  be  sufficient  to  exclude  the 

is  of  small-pox. 

'  Jffprfnm/  Knijtliffj\s.  —  A  general  erythema,  covering  the  entire  skin,  of  a 
Iwp  purjilc  colour,  and  fading  on  pressure,  occurs  sometimes  in  women 
4  the  climacteric  age.  The  colour  is  so  dark  that  it  has  sometimes 
*eo  mistaken  for  hjtmorrhagic  small-pox.  Small  p<^x  should  be  excluded, 
nfhoui  much  difficulty,  because  the  mucous  hremorrhage  is  exclusively 
terine,  there  being  no  bleeding  from  the  gums,  epistaxis,  haemoptysis, 
'emaiome~sis,  nor  any  purpuric  spota  on  the  skin.  The  eruption  is  not 
Wtmpanied  by  the  initijil  symptoms  of  eniallixjx,  except  perhaps  Kick- 
he,  nor  by  the  prostration  that  invariably  attends  the  luemonhagic 
aallpox. 

B.   IHa^wfis  in  the  Vesictdar  Sta/jt. 

.Small-|K>x,  when  the  characteristic  eruption  is  fully  out,  inay  be 
istAken  for  diseases  that  are  accompanied  by  papular,  vesicular,  op 
laiular  eruptions.  These  are  chiefly  measles,  chicken-pox,  syphilis, 
acWDfl,  enteric  fever,  bromide  and  iwlide  eruptions,  prickly  heat,  acne, 
mpg,  lichen,  glanders,  and  rheumatic  rashes. 

^flm&le*, — Confluent  email  pix,  on  the  first  or  second  day  of  the 
Vption,  is  fre4^|uently  dijigno^ed  as  measles.  The  signs  that  mislead  the 
•server  are  usually  confined  to  the  face  and  arms,  where  the  skin  is  often 
'n^esled,  intensely  hyper»niic,  of  a  purplish-red,  stud<led  with  large 
gd  papules  about  the  size  of  the  spots  of  measles.  The  akin  is  swollen 
Ml  measles,  the  eyes  are  most-  prol>ably  siitTused,  and  a  careless 
^xver  not  looking  closely  may  easily  be  mistaken  as  to  the  nature  of 
-  (lisease.  In  smallpox,  however,  careful  examination  will  shew  that 
'  papules  are  more  raised  than  those  of  measles,  that  minute  vesicles 
'  forming  in  the  centre  of  some,  if  not  in  many,  of  the  papides,  and  on 
••sing  the  fingers  firmlv  to  the  forehead  and  drawing  them  slowly 
*>e8,  the  papules  are  felt  to  be  resistant,  hard,  and  "  sliotty."  In 
^les  there   is  not  a  trace  of  vesiculation,  and  the  eruption,  though 


resistant,  ia  velvety  and  soft — not  in  the  fainiefit  degree  indtir 
Further,  on  cxaniirn'ng  the  mouth  and  tliroat  numerous  small  whit«  «pou 
of  the  t>ize  of  a  »igo-graiu  or  lurgur  will  be  seen  on  the  longiie,  Umek. 
pharynx,  hihI  buccal  mucosa  if  the  ciise  be  small  pox.  But  if  mcaulc^ 
the  small  white  Koplik's  gpots,  if  present,  will  be  seen  modtlr  am 
buccal  mucQSii  opprrsitc  the  uiular  tooth,  not  on  the  tonsils  or.pharyux. 

ChUifn-jvix  is  the  disea-se  most  comrnonly  mitsUikon  for  small  jwx. 
cases  of  smjiil-pox  in  un vaccinated  childrtTi  are  very  freipieritly  mwl 
for  chicken-pox.     The  diaf^^nosLic  {)oints  of  chicken  pox  ai*e  as  folKiw*:- 

(i.)  Initial  Symptoms — There  is  usnaLly  complete  al^&enee  of  x\\<m\ 
chicken-pox,  but  occtiaionuUy,  and  mostly  in  adults,  they  cloaely  umt 
those  of  small-pox,  except  that 

(ii.)  The  l«jra]>enitui*e  is  not  at  all  or  only  slightly  raiaod  before 
rash  appears,  and  may  or  may  not  rise  when  the  rash  comes  mil :  Imtl 
it  be  ntised  before  the  appearance  of  the  rash  it  does  not  then  (nlL 

(iii.j  Distribution  of  Kniption. — The  eruption  is  most  abundantoa 
trunk  and  sometimes  on  i)io  sealp :  it  is  less  on  the  face,  le^  still  oo 
arms,  thighs,  foreamis  and  legs,  and  lea^t  of  all  on  the  hands  uid 
It  is  almost  invariably  discrete,  although  it  may  be  «o  abundant  »  tfi' 
be  nearly  confluent,  and  may  a]t|>ear  all   in  one  crop,  or  in  succeisid^ 
<  roi>s.  extending  over  one,  two,  three,  four,  five  or  more  days  iifter 
first 

(iv.)  Character  of  Eruption. — In  all  cases  of  chicken-pox  the  enif 
18  nt  tirst  either  mactUar  or  papular;  but,  on  account  of  the  abseocti 
sytnptoniy,  the  eruption  is  not  usually  oWrvcd  until  it  has  reached  th* 
vesicular  stage.  \Mien  there  is  a  fairly  copious  ertiption,  some  of  the 
vesiL'les  are  round,  others  oval,  the  httter  being  usually  in  the  uiltuj 
folds  and  Hunks,  with  the  long  axis  uf  the  o^'al  parallel  to  the  fohlii 
the  skin.  But  if  there  be  a  very  sparse  eruption,  not  infreipientlr 
the  vesicles  are  round.  .  The  vesicle  of  chicken-pox  is  more  sti|)c 
than  that  of  smallpox,  and  its  floor  is  very  slightly  itidunittsl  at  longi 
the  vesicle  remains  intact.  On  the  foreamis,  han<ls.  lf>gft,  and  fe*.t, 
vesicles  aie  usinilly  round,  and  often  less  superficial  than  on  the  tnt 
Some  of  tliu  vesicles  mature,  uften  within  twelve,  always  within  tw< 
four,  honi-s  of  their  api'carance.  Xo  such  rapidity  of  evolution  chamc 
ises  the  small-pox  vesicles.  When  matuit?,  they  are  shiny,  tmnsluc 
and  filled  with  clejtr  serum  ;  if  tninsfixed  and  presaeil.  the  cnntentbca 
and  the  vcBicular  wall  colIa]>aes.  The  vesicles  rarely  shew  a  ceni 
depresflidti  until  aft«r  rupture,  which  freijuently  occurs  as  soon  as 
vesicle  is  inaturc.  When  rupture  takes  place  either  a  littU--  scrum 
with  consequent  partial  central  collapse  of  the  wall  of  the  vesicle, 
a  central  depression  rcsidta,  or  all  the  aernm  e9ca)>es,  a  flatttmed  et 
vesicle  resulting. 

In  smallpox  the  initial  symptoms  are  marked  and  the  tompent 
high,  falling  when  the  eniption  is  fully  out.     The  Icsinn  lies  deopei 
the  epidermis  than  that  of  chick»*n-pox,   and  it   is  not    fully   \e*i« 
within  twenty-four  hoiu's  of  it<  appearance,  either  in  natural  or 
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When  mature,  the  vesicle  often  showa  a  central  depression 
row  white  ring  ut  ite  periphery,  and  can  only  be  emptied  by 
open. 

from  such  help  as  may  be  obtained  from  a  consideration  of  the 
tptoma  and  tem[>eratui'e,  the  difTerenti.il  diagnosis  of  chicken-pox 
-pox  rests,  in  the  e;irly  .stages,  on  the  distribution,  ehnracter, 
tjon  of  the  individual  eruptions,  above  all  on  the  evolution^ 
ttieken-pox,  slow  and  gradual  in  sniull-pox. 
later  stages  of  chicken-jK)x — third  or  fourth  day — considerablo 
11  diagnosis  is  sometimes  presented,  usjxs-iaUy  when  the  distri- 
the  eruption  follows  closoly  that  of  smal!-|Kix.  The  jioints  to 
are — the  history  of  the  illncf^s,  and  the  different  phases  of 
int  of  the  comjwncnt  lesions  of  the  eruption  ;  papules,  vesicles, 
and  scabs  beiiig  alt  intermixed.  If  tlie  eruption  he  at  all 
Bsions  will  be  seen  in  all  sUiges,  papules,  abortive  vesiclcfi, 
d  Tesicles  filleil  with  turbid  or  puriform  contents,  flattened 
arying  sizes  with  dirty,  Kometimes  black,  scabs;  wliil*^  the  edges 
ik  are  often  irregnliir  and  puckered,  not  infrequently  shewing  a 
margin  with  the  surrounding  skin  reddened.  The  irregular 
of  the  i>eriphery  of  the  pock  la  very  characteristic  of  the 
scabbing  chicken-pox  vesicles.  The  evolution  of  the  eniption 
yx  is  more  uniform  than  in  chicken-pox,  ami  the  combination 
e  vesicles,  mature  uiuiiptured  vesicles,  and  flattened  scabbing 
pocks,  is  not  seen  in  the  former  discaee. 

perhaps  advisable  to  direct  attention  to  a  point  that  is  often 
I  in  regard  to  tlie  ernption  of  chicken-pox.  It  is  this:  on  the 
krms,  hands,  legs  (from  the  knee),  and  feet,  the  vesicles  of 
X  often  bear  a  strong  resemblance  to  those  of  modified  small- 
small,  round,  hard,  not  tmnspjii-ent,  and  set  more  deeply  in 
■mis  than  are  the  vesicles  on  the  trunk.  If  one  relied  for  a 
tolely  upon  the  character  of  the  eruption  present  on  these  sites, 
w  impossible  in  many  cjises  to  sii}"  whether  the  disease  were 
X  or  small-pox.  It  is,  therefore,  essential  that  the  whole  of 
on  should  bo  inspected.  In  all  cases  of  chicken  pox,  if  seen 
gh,  typical  vesicle*  will  be  seen  on  the  ti-unk  or  upjier  parts 
3'emitifls,  or  if  seen  later  in  the  disease,  the  character  of  the 
nil  be  such  as  has  Ijeen  already  described. 
of  8mHll-|>ox  in  mivaccinated  chiltbcn  have  frequently  been 
or  chicken  pox;  but  if  due  regiu*d  be  had  to  the  distributinn  of 
nd  above  all  l-o  the  rule  that  in  chicken-jtox  some  of  the  vesicles 
ftve  reached  their  full  development  within  one  day  from  the 
>  of  the  papule,  while  in  smallpox  in  unvaccinated  subjects  the 
e  not  fully  developed  until  five  days  after  the  appearance  of 
)n,  no  mistake  ought  to  be  possible.  Mi8Ud;os  of  this  nature 
1  and  again  been  the  cause  of  small  pox  outbrciiks. 
0.  —  Vsually  the  scaly  -  papular  and  the  pustular  eruptions 
[en  for  email -pox;  in  some  cases  the  history  of  the  gradual 
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appearance  of  copper-coloured  scaling  papules  and  the  6\*nimeCricaldicTn 
tion  will  at  om-o  HiiijiiOHt  &y[)hili.s.      If  copper-<:<)IourMl   juipnlt^  nw 
with  scaling  pHpules  and  pustulous,  a  mistake  should  not  be  [Mia^iiiK  li 
there  have  been  high  initial  fever  of  a  few  days'  durntion,  followwl 
geneml  [uipular  eruption  bticomiiig  in  part  at  least  vesicular  or  pu.il 
the  fliagnosis  nuiy  present  some  ditficulty.     In  moet  if  not  in  ail  « 
cases  of  syphilitic  eruption  there  are  tlat,  copper<*o1oured,  scaly  p'i|»i! 
alnn^   witti   vesicles   or  pustu1e&«  and    the  evolution   uf   the  eniptjiia 
slower  than  in  small-pox.     Such  a  combination  never  occurs  in  a: 
ami  many  mistakes  made  in  the  diagnosis  of  pustular  syphilid 
be  avoided   if   this   iw^itit   were  carefully   noted.       If,   in    a<ldit 
temperature  do  not  fall  with  the  appearance  of  the  cmption,  Lh(^r« 
l^»e  no  doubt  wluitevor  as   to   the   exclusion   of  fimaU'i>ox  as  a  pnatiUi 
diagno.sis  ;  while  the  invariable  presence  of  enlarged  inguinal  lynipkolic 
glitiids,  and   the  history  of  the  case,  wid  to  the    cerUiinty  of  its  heio^ 
syphilis,  not  siu.'i11-|kxx  ;  heie  apiin  an  examination  of  the  entire aurto 
of  the  akin  should  not  be  omitted. 

Hcrpus. — A  cluster  of  papules  arise  on  a  circiunscribcd  area  oi 
inHammiLtion,  Iwcomu  vesicular  by  the  end  of  the  6rst  day,  are  tnutt- 
jiarent  and  filled  with  a  clear  fluid,  and  collapse  on  being  pnckrtL  If 
present  on  the  jwlato  and  fauces  they  look  not  unlike  the  v<sid«  f*i 
fimall-ix>x,  but  the  distribution  of  the  I'ash  and  the  abt^oiicc  of  the  mit^il 
symptoms  of  small-pox  ought  to  remove  any  ditficnlty  as  to  the  diagtwttiii. 

Eczami. — Here  again  the  initial  sjTnptoras  of  small-pox  are 
the  vesicles  are  small,  and  arranged  usually  in  dusters  on  an  inH 
base  which  is  larger  than  the  pi\pule  of  smallpox. 

frhtuUrs. — Pyrexia,  malaise,  and  pains  in  limbs  are  present  hef 
the   skin   lesion   appeai-s.      The    eruption    is   at  first   composed  of 
papules :  these  arc  indurated  and  increase  rapidly  in  size  till  thty 
about  as  big  aa  a  pea.     Pustides  form  on  the  top  of  the  papule.    Th 
is  a   fetid   nasfd   discharge.     The   initial   symptoms  and  course  uf 
eruption  and  of  the  disease  are  totally  unlike  the  s)'mptoms  and  m 
of  small  pox;  while  the  aeverity  of  the  constitutional  symptoms  is  imi 
all  pr<i|>ortion  to  those  that  accompany  a  case  of  small-ijox  with  n  hi 
amount  of  eruption.     Moreover,  nasal  discharge  is  very  rare  in  small  i 
If  inoculated,  the  local  wound,  character  of  the  eruption,  and  the  hisi 
of  the  case,  suffice  to  exclude  the  diagnosis  of  small-pox. 

Vijtfmic  Sliit  Ervptioiif!, — Those  mistaken  for  small  pox  usually  » ^ 

in    cases   of   infective   endocarditis   presenting  an   eruption   of  a  nn*^ 
number  of  petechia}  and  pustules.     The  pctechise  vary  from  the  si**  **^ 
a  lentil  to  a  split  pea,  are  irregular  in  outline,  of  a  red   tinged  ifi** 
purple  crtlour,  and  di!*tril»ut<*d   mostly  on  the  extremities;  interspei *' 
with  these  are  small  pustule*.     The  gradual  onset  of  the  symptoma,  *'**' 
date  of  the  appearance  of  the  eruption,  its  sparseness,  the  absenoo 
deep  violet  or  purple  spotJi,  the  continuwl  high  temperature,  the  gi  ^^ 
prostration  and  severe  constitutional  symptoms,  negative  the  diagnosis 
small-pox. 


SMALL-POX 


525 


i>  AVirr. — If  the  erupcioii  be  present  011  the  tnirtk,  linibbi,  and 
on  the  fuee,  the  i>ose-8])Ot8  much  raised  and  more  oi'  less  resistant, 
mo  of  the  spotfi  shew  mimUe  vesiculation,  the  disease  mav  l>o 
n  for  emall-pox.  The  hi.stnry,  symptoms,  and  dimitiori  of  ilhiees, 
at  least  before  the  appeacance  of  the  rash,  sliould  remuve  any 
the  uuture  uf  the  ailment. 
t^ly  hfiU  nmy  be  exeliidofl  by  the  Hbaonce  of  tlie  initial  symptoms 
Dperattire  of  small-{)ox. 

Vtviaidc  and  iuduif  eruptions  the  initiiU  symptoms  and  pyrexia  of 
px  lU-H  absent.  The  vesicles  «oraetiniefe  tlupcly  resembk*  those  of 
ox  in  distribution,  size,  shape,  and  contents,  but  they  do  not  shew 
led  centres,  nor  a  nutTou-  white  riny  at  tlie  periphery.  If  the 
Vt  contents  be  analysed  bromine  or  iodino  will  he  detected, 
the  entption  shews  as  very  large  vesicles  ami  buUip  there  should 
difiicnity  in  diagnosis.  Impiiry  should  be  made  with  regard  to 
Urc  of  medicine  that  the  patient  may  have  been  taking. 

H-  Erujftiom!. — It  is  only  when  there  is  an  eruption  of  miliar}' 
kexlly  bii'i^iT  than  those  usually  iissiK-iated  with  rheumatism 
ikes  are  nuidc.  Unlike  fim«ll-pox.  the  eruption  is  most  aViundunt 
tnuik.  Tlie  vesicles  are  small,  hemispherical,  tilled  with  a  clear 
w-coloure<l  Huid,  and  collajise  on  pricking.  The  history  of 
tism  or  other  disease  attended  by  sweating,  the  absence  of  initial 
s  of  smallpox  before  the  eruption  appeare<l,  its  distribution  anrl 
r,  shouKl  exclude  smulb]K)x. 
ne, — Initial  symptoms  of  small -pox  wanting.  The  eruption  is 
ited  on  the  face  and  shoulders.  Tlie  pustules  are  iwuniinated, 
[  them  indurated,  and  they  shew  a  central  dot  or  comedo, 
Inr. — The  jiapules  are  soft  and  red,  and  do  not  become  vesicular ; 
re  no  initial  symptoms. 

Ujthiijits. — The    initial    symptoms   of   smAlb}K)x    are   absent;    the 
much  hirt^r  than  smail-jMix  vesicles  ;   they  are  distended  by 
-coloured  Huid,  and  collapse  on  being  pricked. 
tiiit  PapnUkVi, — The  wheals  are  small,  ttf  the  siz«  of  a  split  pCH, 
a  dull   white  cohnir  ;  they  rise  in  an  hour  or  two   to   the  full 
or  with  no  redness  at  the  Ixiae  or  that  of  the  usual  erythema 
ia.    The  vesicle  is  Iiard  like  the  small-pox  vesicle,  but  in  urticaria 
OS  the  size  of  a  split  pea  ii!  a  few  hours  ;  the  initial  symptoms  are 

of  smalt -ptox. 

mical  irrHnnh  s«)metimcs  produce  a  vesicular  eruptiou  indiatinguisb 
ym  that  of  small-]>ox.  I  have  seen  a  confluent  vesicular  eruption 
forearms  and  han<ls,  with  a  few  vesicles  on  the  nape  of  the  neck, 
for  smaU|)OX.  The  vesicles  were  of  the  size  of  those  of  natiural 
ox  on  the  fifth  day  of  eruption.  The  limitAtion  of  a  cnnHnent 
eruption  to  the  forear-ms  and  hand.s.  and  the  complete  alwencc  of 
Hi  on  trunk  and  extremities,  nejiatived  the  diagnosis  of  small-pox.  In 
initial  symptom*  were  absent,  and  the  r.ish  had  attained  its 
within  two  days  from  the  time  that  the  patient  had  immersed  his 
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urmK  in  a  strong  solution  of  waahiug-soda.     The  vesiclee  on  the  napeoli 
neck  were  accounted  for  by  the  patient  having  scratched  the  spot 
his  wet  fingers. 

The  diseases  otnimeratcd  above  ure  instances  of  cases  of  ei 
diagnosis  that  came  under  my  notice  diiriug  the  years  when  all  snuil^ 
cases  iu   London  certified  lor  removal   \jo   ho^pitid    |utsKed    ihrungh 
hands    for   voriliuLlioii    of    the  dia;^nosiH.      To   avoid    mistakes  ui 
diagnosis  of   eruiuions   whiL-h   counti-rfoit   that  of  small-pox,   be  it 
niitiu'al  or  modified  smaU-|>ox^  is  not  ]ierhap8  |x>S8ibIe  in  every  case; 
a  careful  examination  of  the  entire  surface  of  the  skiu,  with  full  infjuiryi 
to  the  history  of  the  case,  will  obviate  the  occurrence  of  many  crrm  n 
diagnosis.       The   great    practic^il    im|]Ortance   of   the  duignosis,  ami  tlie 
anxiety  with  which  doubtful  wiaes  are  regai-dod,  must  bo  my  cjccusc  fui 
the  detail  with  which  I  have  gone  int^>  this  part  of  the  subject* 

Prognosis. — A.  General  confide  rations  atroctiug  prognosis. 

These  are  age,  vaccimition,  and,  in  a  minor  degree,  the  sex  d 
jKitient-s.  The  following  table  shows  the  fatality  of  snudl-f^tox  in  unn 
oinuted  and  vaccinated  patients  in  the  different  quiuquenniads  up 
thirty : — 


Tablk  of  Coses,  Deaths,  and  percentage  Mortality  in  the  Quiiii|u 
Torioids  up  to  Thirty.* 


CksM. 

I^AOCUfATSU. 

USTMKOIAtlft          ■ 

DealbB. 

Hon.  ti.c- 

Ck»M. 

DnlliL  ,lm»J 

Under  5  years 

3f. 

0 

0 

»4» 

400     ;    K-H 

6-  9        .. 

23.1 

3 

0'8 

7W 

i2}»  :  u^fl 

10-n 

67:. 

7 

1-04 

:*ao 

VI  I  xk-m 

15-19 

1,488 

*i\ 

!■«! 

S37 

66        1»4 

20-21 

2,0Wi 

78 

5  $9 

226 

67      ^^4 

25-29 

l.SJl 

107 

B-77 

147 

53     1    M# 

30  and  iiiiwanln 

4.627 

616 

l.t-31 

220 

101     1    »**•, 

10,«»7 

884     j      ?•« 

U,223 

S9(j     M'm 

It  will  be  tioted  that  the  mortality  in  vaeciuated  subjects  isahodslj 
under  10  years  of  age,  very  slight  from  10  to  19,  and  lhereafu»r  ini 
eousidoraVily.     In  unvaccinjited  suliject-s  the  most  fatal  periods  are 
5  and  ovet'   30  years  of  jige,  while  the  lowest  mortalilv  is  brtwiHrnJ 
^ind  U. 


The  character  of  the  vaccination  also  aflbeta  prognusis. 
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of  Cnaes,  Deaths,  and  percentage  Morulity  of  Patients  with  one, 
Lwn,  three,  and  four  or  more  good  and  indifferent  inarkt<.' 


|»r  iiBric«. 

Cliwwter  ((f  Marlw. 

NaofOuM. 

DeitlM. 

Mortolltj'  |i.A. 

1 

i 

GixkI     . 

I.OBfi 

70 

6-4 

F 

\ 

rmliirereut  . 

2,014 

341 

l«-7 

I 

Cio-xJ    . 

1,461 

64 

37 

i 

1 

ln<]irrori-ut   . 

2.47fi 

279 

U'2 

^L 

{ 

Good   . 

1,09& 

•11 

:*-7 

^m  ' 

lQ(]il?erent 

1,778 

138 

7-4 

lor  uoro 

f 

Oowl    . 

826 

23 

a  7 

\ 

ludifrvnrnl   . 

Toul    .        . 

»49 
11,724 

46 

I'S 

987 

8-1 

table  shews  that  while  the  mort;dity  among  cases  with  one  good 
6'4  |M;r  cent,  among  those  with  oriH  indirterent  it  in  16'7.  Amon^ 
th  two  j;ood  marks  it  is  3*7  ;  among  those  with  two  indiH'erent 
it  i«  l\"2.  Among  those  with  three  good  marks  it  is  3"  per 
d  in  tho»e  with  three  indiH'erent  it  iH  74.  Among  those  with 
moi-e  gofxl  it  is  2*7  ;  among  those  with  four  or  more  indifferent 
8,  Good  marks  are  those  with  a  well-foveated  surface,  and  in 
arc  those  shewing  faint  foveationa  or  smooth  siiHaco. 
cienl  vaccination  l>e  estimiite<J  by  sii|K'rficial  area  of  marks  the 
e  is  even  more  striking.  I  carefnlly  noted  the  area  and  character 
rimai-y  vaccination  marks  in  HKOt*  consecutive  cases  of  smallpox. 
time  my  ohservations  were  made,  one-third  of  a  square  in<h  of 
eat<Mi  surface  was  held  to  constitute  efficient  vaccination.  There 
435  p:itient3  shewing  efficient  vaccination,  of  whom  30  dieiJ, 
a  mortahty  of  2'.">  per  cent;  and  1375  patients  shewing  imperfect 
tion,  of  whom  37P  died,  giving  a  mortality  of  8*7  i>er  cent.  So 
m  prote<:tion  against  fatiil  fittack  is  about  three  or  four  times 
among  patients  with  efficient  than  among  those  with  non-ufficient 
tion. 

Uld  a  person  who  hits  been  succe.^sfidiy  ro vaccinated  contract 
Bx,  the  risk  of  the  attack  proving  fatal  is  very  small  indeed,  unless 
ox  be  superadded  to  some  pre  existent  serious  disease,  for  example. 
Hey,  hirig,  Imiin,  etc.  There  are,  however,  some  exceptional 
t  in  whom  the  protection  against  smidl  ])0x  afforrled  by  vaceinHtion 
Iniceiniition,  or  previous  attack,  does  not  l.'ist  more  than  a  year  fir 
nd  it  is  impossible  in  all  ciises  to  promise  immunity  from  an 
of,  or  oven  death  from,  smallpox  after  vaccination  antl  revaccina- 
But  I  have  not  seen  a  fatal  case  of  small-pox  in  any  one  who  had 
pd  of  n  square  inch  or  more  of  well-foveated  prinuiry  vareination 
d  b:ul  Iteen  sueeessfuUy  revaccinatcd. 
does  nt>t  apprt-i-iably  alVect  prognosis,  the  mortality  in  males 
ly  I  per  cent  higher  than  in  fomides. 

Ifiileil  frurn  Reports  of  the  UeiUcal  Sn))eriutcti(Ienti(  of  tlie  Aitylnniii  Uoard  Mumll 
iul  rmiii  IS71  to  1R86. 
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The  nature  of  the  pi^vailing  epidemic  aflects  prognosis  to  i 
extent;  for  instiince,  the  epidemic  of  IfrTl  was  considembly  more 
geiiorully  than  tite  outl»reiiks  for  some  time  before  or  since. 

B.   Special  consid  emtio  its  affecting  prognosis. 

Serious  antecedent  or  co  existent  illness  nficcts  prognosis  unfavouml 
and  6mul1-[K>x  when  it  attacks  alcoholics  often  assumes  the  vtrsicuUn 
pustular  hiemoiThagic  form,  the  prognosis  Iroing  then  most  uiifuVdiinK 

The  duration  of  the  incubation-period  hardly  affords  reliable  iii.Ji 
tious  a»  to  the  severity  of  the  subse«|uent  attack,  but  srmic  have 
thiit,  in  pure  hemorrhagic  cases,  it  is  not  infre<iueutly  shortn   rlmn  i\ 
average. 

Ci)nsiderable  ufisiatiince  in  prognoaia  may  bo  derived,  bowL-Ner.  in?ai 
consideration  of  the  early  svTuptoms,  the  appearances  presented  by  init 
nishc's,  the  amount  of  Iho  chariicteristic  eruption,  and  i>articultirl; 
the  hemorrhagic  mauifestAiions. 

Initial  St/mj}t'Oms. — If  these  be  mild  the  attack  will  proUihly  mrt 
fatuL     Bui  the  convei'se  does  not  hold  guu<l,  for  although  in  thv  luujcri^ 
of  contlacnt  and  in  all  pure  h»>morrhjigic  cases  the  initial  eympiucu  in 
severe,  j'ot  severe  initial  symptoms  often  usher  in  a  mild  attacks 

Inidfil  li^ishf.^. — General  Erytlicmas. — General  scurtjainifurm&tirl 
billiforni  erythemas  are  usually  followed  by  luild  atuicks,  cs]>(tw11\ 
vaccinated  subjects.     On  the  other  hand,  a  vivid  red  genenil  erytbcnui 
often  met  with  in  |>atient«'whosu  attacks  prove  to  bo  of  the  ha-morrhn 
ty[ie.     If  a  general  erythema  be  accompanied  by  an  abundant  CJQ\t 
piirjjle  petuchiie  in  the  groins  or  elsevrhere,  the  case  will  probably 
fatal ;  and  if  ticcumikinied  by  isolated  ink  spots  death  will  result. 

Partial  KrythLinas. — Partial  erythemas  unaccom{junied  by  biri 
rhagic  signs  indicate  ever)*  probability  of  a  mild  attAck  follovis^ 
If  petechio-erythematuiis  mshes  shew  only  the  bright  red  pet«in» 
the  case  will  probably  recover.  If,  on  the  other  hand,  there  lie  nuaabid 
purplo  petechia-'  in  the  alx3omino-cnjral  triangle  or  in  the  hjmlwr  rtipon 
the  case  will  most  likely  l>o  fatid.  If  a  pelecln'al  rash  be  com|)04<«l  f^ 
bright  red  and  purple  petechia?,  the  case  is  likely  to  be  severe  ;  if  vi 
nated,  the  case  will  probably  recover ;  if  unvaccinateil,  it  is  not  unU 
to  end  in  death. 

Generally  speaking,  the  piobability  uf  a  severe  attack  foUowiog 
initial  rasli  is  directly  proportioned  to  the  depth  of  the  purple  hn' 
the  degree  of  the  duskiness  of  the  rash.     Bbwd  in  the  urine  in  the  iiti* 
fstage  is  an  unfavountble  symptom,  as  is  also  hemorrhage  from  inuc 
snrtju>es  anil  the  uteni*. 

In  discrete  modified   snudlpox  the  prognosis  is  very  good  ;  d***^* 
rarely  occurs.     In  discrete  nntiu-al  smallpox   prognosis  is  imfavour*)"*^ 
under  one  yejir;  less  so  between  one  and  three  years  of  age  ;  aft«r 
good.     Convulsion.^  and  coma  in  modified  or  unmodified  discrete 
pox  are  unfavoundtle,  es|>ecially  so  if  they  supen'ene  from  about  ihei 
to  the  ninth  <lay  of  disivise. 

Conjhiettt  ModijUU  Sinull  pwc. — When  vaccinated  adults  shew  a  co[4' 


ttttluent  einiptioii,  it  is,  during  the  first  few  duys,  impossible  to  say 
or  not  tho  diacaeo  M-ill  be  modified.  If,  on  the  third  or  fourth 
ruption,  the  vesiclos  on  tho  face,  which  is  iisuiilly  at  thiit  date 
r  «^emutoU8  in  tht'^y  ciwe»,  begin  to  get  cloudy  it  may  then  he 
liTQed  that  the  atiuck  will  be  modified,  and  that  the  patient  will, 
)lxibilitT,  recover. 

Unit  Unmfulijicd  Smnll-piri. — Gnivity  of  prognosis  betirs  a  direct 
||ho  degi'oe  of  confiucnco  of  eruption.  If  quite  eoiiHiient  on  tho 
0,  extremities,  and  back,  the  prospect  of  recovery  is  slight ;  but 
bplton  be  not  contbient  on  the  britik  the  chance  of  recovery  is 
leater.  Abortion  allects  pri>grif>5is  ^oiy  tui favourably.  I'nder 
k  of  age  conlluent  nultirat  siuall-iiox  is  almost  invariably  fatal  ; 
i  lo  five  years  abijut  une-fourth  of  the  cases  i  ecovcr ;  the  prog- 
rcaftcr  is  more  favourable,  and  from  ten  to  fourteen  the  patient 
ikely  to  recover  than  at  any  other  age.  After  fifteen  years  of 
percentngc  of  deaths  to  recoveries  increases  steadily  with  advanc- 
% 

\  cases,  abundaut  eruption  on  the  mouth,  fauces,  and  pharynx  is 
ible  ;  and  if  symptoms  of  laryngeal  obfitruction  supervene,  the 
tf  the  prognosis  is  increasetl.  Subcutaneous  o:dcma  is  not  in 
iftvourable  ;  on  the  other  bund,  if  the  vesicles  (ill  with  lymph  very 
pd  the  skin  at  the  fifth  or  sixth  day  of  eniption  presents  a  flat, 
tite,  or  rough  parchment  appearance,  accompanied  by  very  little 
(other  thiiu  that  cAused  by  the  rairftd  epidemds),  ihe  prognoKiti 
pnfavuuritble,  recovery  rarely  Uiking  j)lace,  and  then,  as  a  rule, 
Clients  between  ten  and  twenty  ye^ii-s  of  age. 
jum  in  tho  vesicular  stage,  and,  in  children,  grinding  of  the  teeth 
rounible.  If  the  temperature  in  the  vcsicubir  stage  do  not  fall 
kl'  F.  the  prognosis  is  less  favourable  than  if  it  fall  to  normal.  A 
lure  over  104'  in  the  pustular  stage,  attended  by  restleseiiet^s  and 
I  is  unfavourable  ;  anJ  if  septicttmia,  deep  cellulitis,  laiyngtal  or 
Cy  complications,  or  diarrha'a  fullow,  the  gravity  of  the  prognosis 
«ed. 

prrhatfic  Small-par. — True  htemonhagic  snmll-pox  is  invariably 
JHiere  haimurrhagic  manifestations  and  the  eruption  of  Hmall-po.\ 
progtiosts  becomes  less  ^rave  as  the  attack  more  nearly  assumes 
in  which  the  skin  hitmorrhagcs  are  limited  to  sub-  and  pen- 
hwmorrbages ;  but  in  all  such  cases  the  prognosis  ia  exceedingly 
*ble,  and  recovery  \cry  rarely  takes  place.  In  sul»-  and  peri* 
•  hemorrhagic  cases,  if  the  eniption  be  discrete  and  haemorrhage 
|te  and  he  limiterl  mostly  to  the  lower  extremities,  recovery  is 
►ped  for :  but  if  the  eruption  be  abundant,  and  suV  and  peri- 
I  haemorrhage  general,  recovery  is  very  doubtful.  If  the  eniption 
lent  with  general  sul>-  and  peri-veaicular  hicmonhagt-,  lecovery 
take  pUce  ;  but  a  considerable  number  of  confluent  cases  recover 
trhage  be  present  only  in  the  lower  extremities,  and  to  a  limited 
a  the  trunk  and  anns.  The  presence  of  a  chiret-coIoure<i  areola 
II. — PT.  I  2  M 


eucircHng  the  mujoiity  of  the  vesicles  early  in  the  course  of  erupidcitiui 
niosl  HijfavouniUl*'  sign.     It  often  Hppeiira  on  the  second  Hay  of  eniptiia, 
anil  ttffoitls  early  evidence  as  to  the  prol^able  termination  of  the  HWw 
If  it  he  cunliued  to  the  lower  extremities,  it  is  not  in  many  aistf 
Hi^iiiHeancc.      In  all  forma  of  hii-niorrlia<:ic  8maII'[>ox  copious  hjin:  :. 
fi-om  the  mucous  membranes  deepens  the  gravity  of  the  prognosk 

The  onset  of  serious  liuig  complication  during  the  pustuUr  ««! 
incrustation  stages  is  unfavourable,  fm  are  also  extensive  er}*si[)elaA  of  tkt 
extremities  and  deep  cellulitis.  ^m 

Nursing  and  Management  of  Patients. — Careful  and  judicioun  d^| 
ing  ami  the  most  Hcrupulutis  attention  lo  the  cleanliness  of  the  liedlinec. 
are  all-important.  The  p\is  ouzing  fi*om  the  pustules  very  quickly  will 
the  personal  and  l>ed  linen,  >vhicb  shoidd  therefoi'e  t>e  changed  vcr> 
frequently.  The  mouth  and  nose  should  he  frequently  cleansed,  and 
ttltove  all  in  severe  attacks  the  eyes  should  be  watcheti  constantly,  anti  b* 
i>athed  anil  cleansed  BysteinaUcally  and  thoroughly,  ll  is  ini{>os&ibli!  to 
overrate  the  importance  of  this  attention. 

The  handling  of  the  pitients  must  be  most  gentle,  and  in  mixing 
the  head  or  shoulders  tlie  iiurse's  arm  shoidd  always  l>e  plac<.nl  under  tlM 
pillow.  Infants,  when  being  nursed  in  the  arms,  should  rest  on  a  piUow 
on  the  nurse's  arm.  Attention  to  details  of  this  lund  add  much  to 
patient's  C(nnfurt. 

In  the  acute  stage  it  is  not  practicable  to  Wiish  patients    sufffl 
fi*om  severe  or  even  moderately  severe  small-pox  ;  but  the  skin  si 
be  ciennse^l  as  much  as  possible  by  8]>on;^nrig,  arul  such  a)>lulioU8  uvtli 
readily  suggest  themselves   to  an   iiituUigont   nurse  carried  out 
should  hv  given  as  soon  as  the  patient  can  bear  the  fatigues 

The  management  of  delirious  i^iLients  requires  much  tact 
telligcnce  on  tlie  |>art  of  the  nm-se.  The  most  troublesome  and  xiolon* 
delirium  is  noted  usiuilly  in  conlhient  casee  during  the  late  vesicular  Rti^J^J 
ur  at  tliL'  l>eginniii';  of  ihe  pustular.  These  patients  rexiuire  mostcaft^ul 
and  constant  watching.  Ver'y  often  they  seize  the  occasion  of  the  niir*f'« 
temporary  absence  to  make  their  escape  through  door  or  window,  i'ot 
thi?  reason  tliey  shoidd  not  >>e  left  unattended  for  nii  instaitU  Most 
commonly  the  patient  has  the  strongest  objection  to  being  considered  iUi 
wishes  to  go  homo,  ami  insists  upon  having  his  clothes  givi'u  hira.  A 
judicious  fnu'se  will  endeavour  to  distnict  his  attention,  talk  to  lii^ 
humour  him  as  much  as  possible,  tell  stories,  prevaricate,  do  anythini 
but  argue  with  op  contradict  him  ;  and  must  never,  except  in  »o"* 
extremity,  use  mechanical  restraint,  and  then  oidy  ns  a  purely  tcmpoi** 
mciisurc.  Mechanical  restraint  is  most  inadvisable,  aggnivating  *^ 
patient  and  increiising  the  delirium.  A  delirious  small-pox  jwitient^  w^* 
thoroughly  rnused  and  angry,  will  not  hesitate  to  knock  the  nurse  do"" 
und  make  his  escape.  In  the  case  of  a  patient  who  insists  that  h^ 
quite  well  anil  demands  to  be  dressed  and  allowt-d  U)  go  home,  if  opil*"' 
fail  to  quiet  him — a  useful  device  is  to  dress  the  patient  in  a  drcsc£J> 
gown,  stockings,  and  slippers,  and  allow  him  to  walk  up  and 
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'    !  riiuiicl  t}iu  room,  the  rmrso  holding  the  jatient's  ami,  at  the  same 

'iping  her  eye  on  lh«  (](Kji'  .Hiid  window.     Aflti"  n  few  turns,  the 

timls  that  he  is  unaMc  to  continue  the  *fxerciHO,  ami  fft<^H  quietly 

•  ImiI.     In  such  aiiies  it  is  necessary  to  have  the  assistance  of  an 

iiol  nur^c  or  male  attendant  to  sit  hy  the   patient's   bed.      If  the 

-.iiuum  be  on  the  first  Hoor  or  above,  stops  should  be  fixed   in   the  sjwh 

pw>rmt  so  that  neither  sash  can  be  opened  \v\t.\rv  than  six  inches. 

Treatment, — Paiionta  with  discrete  iDo<Iifie<I  sniall-pox  reipiire  little 
jttention,  but  in  those  suffering  from  the  severer  foi-mR,  unremitting  c:ir« 
iwlgowl  nnrain/j  are  essential.  There  should  be  an  ample  supply  of 
fttth,  cool  nir.  Tlie  temperature  of  the  rc)otu  shotdd  lie  about  CO '  F. 
*nie  patient  ought  not  to  be  exposed  to  draughts.  The  air  in  the  rooM 
ihould  be  chaitged  ut  least  four  times  every  hour,  and  there  should  be  no 
ctotainsor  hangings  to  imjiede  its  free  ciirulation.  The  bed-  and  bot^y- 
liuen  Bbould  1>c  of  fioe  soft  material,  and  the  coverings  light.  A  hair- 
ittllrefia  on  wire  makes  the  most  comfortable  bed.  Ao  a.;  :ter  Low  fine 
the  liuen,  the  ]irpjwnre  of  the  bed-cloLhe»  and  the  mattress  make  the 
pitient  feel  as  if  he  were  sleeping  on  thorns.  Iii  continent  cases  considcr- 
«ble  relief  is  affbrdwi  by  a  M'ater-bcd,  but  air-  and  wat^r-cushions  are  of 
little  line. 

Smrighmmfy  StimuiantSj  and  THtt. — Throughout  the  acute  stages  of 
tbe  illne&s  milk,  mixed  if  necessary  with  diluents,  is  the  main  and  most 
«iuhle  .irticle  of  nounsbment.  Water  should  I>e  given  lif'endly,  and  a 
(Up  of  tea  or  Cfiflcc  whenever  the  patient  >nshes.  In  the  initial  stjigo 
many  patients  take  little  nounehmcnt,  nor  is  it  often  necespnry  that  they 
■bofiM  tjdce  more  than  a  con[)le  of  pinta  of  milk  <]aily.  Fur  the  majority 
"i  patients  suffering  from  modified  small-pox,  the  above  dietary  will  be 
aiilfiiient  during  the  short  illness  they  experience.  As  soon  ;ta  the  ajjpetitc 
fR*iinii!  the'  ortUnary  diet  of  health  should  be  resumed. 

hi  the  severer  forms  of  small-pox,  however,  more  liberal  nourishment 

'*  necessary,  and  in  many  cases  it  is  of  gi'CJit  importance  that  it  be  given 

"on*  two    hotu'vi   day   and    night.       During    the   vesicular    stage,    three 

fnia  of  milk  with,  say,  a  pint  of  mutton,   veal,   or  ehickcn-broth,   or 

'•W-ftc*.  ;tnd  in  addition  plenty  of  walt-r,  is  usually  a  sutficient  daily 

alliiHance.       i»urinir    the    pusttdar  ami    inernst;ilion    stages,    the    strain 

"f  tile  ibsejiso  taxes  the  patient's  strength.     This  [>eriod    is  roughly  the 

*wond  week  of  the  illness.     To  comlwit  the  exhaustion  and  jirostration  of 

this  period,  three  or  foin-  pints  of  milk,  two  or  throe  eggs,  the  raw  juice 

^f  foiir  to  eight  ounces  of  lean  meat,  and  abundance  of  water  should  he 

^*'«ii.     lilt*  eggs  are  perhaps  bcft  given   in  llu'  fonn  of  cgg-flij)  with  or 

Without  A  little  brandy.     The  mw  meat  juice  should  bo  given  mixed  in 

'Should  the  pulse  become  weak,  alcoholic  stimulanti^  should  be  given 

'Hiantity  proportional  to  the  degree  of  prot«rration  and  cardiac  weak- 

****-      Patients  will  often  be  benefited  by  brandy  or  whisky  given  freely, 

^^*«    the  stitnuhmt  should  not  be  discontinued  till   the  condition  of  the 

^^■cui  permit,  and  then  gradually.     Champagne  is  a  useful  stimulant  in 
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protiouncod  prostration  and  exhiiiistioii.  Vesicular  hnemorrhftgic 
sometimes  show  marked  prostration  during  the  vesicular  stAge  and  tuf 
then  require  alcoholic  stimulants  with  eggs,  nnd  so  forth.  In  pan 
heemoirhagic  cases  it  is  sometimes  desirnble  to  give  alcohol  tu  Imhl 
the  pjitient's  distrc&s.  hut  ahhougli  it  may  alleviate  sulforiug  nnd  pmflf 
prolong  life  a  little,  it  will  not,  avert  a  fatal  issue.  V 

When  there  is  continued  vomiting  the  milk  ^Iiouhl  br*  peptoni-^tl  or 
mixed  with  diluents  such  as  barley-  or  lime-water.  Should  the  vomiiiag 
|>Grsisc  recourse  g>hould  be  had  to  rectal  feeding.  In  the  feeding  of  Ii4liit4 
uiiil  infants,  curt;  sbi>idd  bo  token  not  to  overloa<l  the  stomach  vil 
much  milk,  as  this  is  a  common  cause  of  vomiting. 

I'ieces  of  ice  alloweil  lo  molt  in  the  patient's  mouth  are  ma«t  i 
ami  agreeable  in  lUI  severe  cases,  especijilly  whun  ihei*c  is  much 
and  faucial  eruption  and  swelling.  Lemonade  made  with  fresh  \ti 
htfljw  t-o  ijuench  the  thirst.  In  the  mre  instinces  in  which  jiationu  iW 
luuiblc  lo  swallow  or  refuse  to  lake  nourishment  by  the  mouth,  ievnh^ 
by  the  nasal  or  stomach  tuh^e  should  be  tnc<l,  but  it  may  Ik:  ditft^ 
to  piLss  cither  of  these,  and  rucUvl  feeding  may  have  to  be  Jidopteil.     ^ 

111  the  more  severe  cjises,  its  soon  jls  the  appetite  begins  to  reiura  thv 
jhitient  should  be  given  light  and  digestible  solid  food,  milk  pud-liDfrs, 
custard,  boiled  fish,  chicken,  nnd  so  on,  at  iirst;  when  the  a|i{<iiit' 
improves  the  ordinary  tliet  f»f  health  should  be  rosumetk  The  appeiii* 
during  convalescence  is  often  mvenous,  and  should  bo  gratitie*!  ivtht** 
practict'ible  niui  advisiible. 

Dui-ing   convalescence  from  severe  small-pox,  when  thv   npp 
sluggish  ami  the  {mtient  is  reg;uning  strength  slowly,  Mine  is  very 
ficial,  port  b*Mng  perhaps  the  most  suitable.     To  many  cunvalesceuui 
liquors  may  be  given  with  advantage. 

In  conHuont  attacks,  during  the  vesicular  and  pustular  Btagos, 
tion  may  be  difficulc  and  painful.  Small  pieces  of  ice  placed  in  ih< 
patient's  mouth  will  often  allbrd  consider-able  relief.  The  |UitienU  UMiilIj 
keep  the  mouth  ojwn,  consequently  the  mouth  and  throat,  covercU  "ili 
disintegrating  vesicles  and  secretion,  become  dry,  and  as  a  result  di'g^oli 
tion  is  difficult.  This  am  in  the  main  I>e  obviated  by  caiefnlly  clc»nim 
the  mouth  and  faace!»  frequently,  and  is  most  satisfactorily  accotnplislo 
by  using  swabs  moistened  with  a  solution  of  Iwric  aciil  or  other  sniul'l' 
wash.  After  swabbing,  the  mouth  ami  throat  should  be  brii?hfd  vn^i 
glycerin  of  l>orax  or  a  solution  of  boric  ocirl  in  glycerin.  If  the  |mu«i 
be  callable  uf  rinsing  the  month  himself,  a  goo<l  wash  for  the  purpo*ri 
one  of  liijuor  poUisso;  3  drma.,  and  acid  earbol.  IJ  di'ms..  to  a  pint  o 
water.  The  fetid  breath,  which  oftvn  marks  these  cases,  will  Iw  nmd 
lessened  by  these  measures.  For  ]>funfu)  deglutition  iiaintirie  the  fattce 
with  a  weak  solution  of  cocaine  before  the  feeds  has  been  i  < 
in  about  Hvc  or  ten  minutes  the  patient  will  be  able  to  sw.  .> 
ably.  ^ 

Local  applications  to  the  skin  are  useful  in  order  to  allay  the  exctoV 
irritation,  to  remove  iho  pus  oozing  from  the  pustules.,  lo  lessen  the  <niiD 
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to  nccclerate  the  separation  of  the  onists,  to  prevent  in  some  measure 

septic  absorption,  and  t«  hasten  the  healing  of  the  ulceration,  iherehy 

Idling  pitting  and  disfig^irement.     The  itt:hing  and  irritation  are 

iKjst  relieved  by  cold  moist  applications,  such  as  boric  lint,  very 

lUi'ntly  inoiatened  and   renewed   as  rotjuired.     1   have  nf>ed  oils  and 

lino,  but  have  generally  found  that  they  increased  the  irritation  and 

ition  of  heat,  especially  during  the  vesicular   and   earlier  pustular 

Antiseptic    diiinting   powders,  such  as  creolin,   VwrHcic,   winter- 

ri,  iind  the  like,  are  undoubtedly  useful  in  allaying  smell,  but  th<^ 

kHve  the  di»:utvaiitiii;e  of  fjivonring  the  formation  and  adhesion  nf  cru6t« 

mtitr  which  uleenition  of  the  skin  can  proceed  unchecked.    A  cold-cream 

irtth  four  parts  of  salicylate  of  soda  to  one  hundred  of  cream  has  been 

Aiund  to  alhiy  the  smell  in  the  sup[>urative  stages  (Dujardin-Beaumotz). 

tmlilutcd  tincture  of  iodine  has  l»een  employed  by  Welch  and  Schamberg 

i&  a  local  application.     It  is  painted  on  the  face  as  early  in  the  disease 

«  poMihle,   once  or  twice  daily,   and    may   be  tliluted    Ui  oiie-half  the 

♦irrnglh  if  the  skin  l)e  very  sensitive.     About  the  eightli  to  the  tenth  day 

&  [urchment  like  mask  is  foi-mcil,  which  begins  to  crack  and  peel  off. 

Ther  Mieve  that  the  application  of  iodine  t^nds  to  make  the  pustules 

ihrink,  ut  hasten  rlecrustation,  and  that  Uj  some  extent  ir  lessens  pitting, 

^i»l  that  the  liability  t-o  subsequent  pyogcnctic  complications  of  the  skin 

4{i|teArs  to  be  tliminishcd. 

When  the  oniption  ia  quite  confluent,  and  the  patient  tears  the 
tptdirmis  off  extensive  areas,  it  is  tiecessary  to  niuifle  the  hands,  while 
^^  'Kising  cutirt  should  be  covernl  by  some  suitable  cold,  moist,  antiseptic 
'ifwfing.  In  all  cases  in  which  the  eruption  is  copious  on  the  scalp  the 
li»r  should  be  cn:»pped  shnrt  early  in  the  dis<>ase. 

The  early  sejiiiration  of  the  rmsts  on   the  face   and   scalp  is  most 

vMU&ble.     This  can  best  be  ncconiplishnd  by  the  application  of  Hnseed- 

*■!  poultices.     On  the  scalp  a  Oiiriy  thick  poultice,  with  iculofoim  uii 

'**  surface,   may  be  applied  in  the  ordinary  manner ;   on   the  face  the 

'5'*tbod  most  agreeable  to  the  patient  is  as  follows:  (?iit  a  mask  of  a 

""gU  thickness  of  lint,  with  apertures  for  the  eyes,  nose,  and  month  ; 

^*yf\x  a  thin   Iiiyor  of  linseed  poultice  on  this,  taking  cnro  to  put  on  the 

"*fnce  a    littlo   vaseline    in   whit^h    iodoform    has   been    mixed    (greasy 

"Pplicaliuns  do  not  at  this  sUige  irritate  the  patient),  and  apply  it  to  the 

'^*^",  changing  it  every  two  honis  at  k»ast.     'ITie  crusts  may  be  removed 

***•"<;  nipiilly  by  this  means  thjin  by  any  other.     Tt  is  imjiortant  tliat 

y^    cnists  should  be  aeiwrated  from  the  face  as  soon  as  possible,  in  order 

J*^-*^  suitjible  antiseptic  dressings  n)Ay  be  applied  to  the  ulcerating  sui-faces. 

**      tiie  arms,  legs,  and  other  (wiit*.  boric,  we.ik  formalin,  or  other  moist 

••^iseptic  dressing  should  l»e  .ipplicfl.     The  importance  of  these  moist 

'l*T*lic;(tion5  in  the  incnistation  and  decrust:itiori  «tiiges  cannot  1^  nver- 

^*^i  muted.     Tepid  or  wanu  btithe  one-half  to  one  hour  in  duration  may 

"*     given  daily,  with  the  view  of  facilitating  the  separation  of  the  cruata 

**'^^  cleansing  the  skin  of  the  trunk  and  limbs. 

During  convalescence  from  severe  snudl-pox  the  sViu  is  often  very 


teiiiler  and  rough  ;  consequently  the  frictinii  of  thu  cluthiii^  ruuMs  ni 
irrilation  of  the  skin  and  discomfort.     Much  relief  is  obtnined  by  nibfcinr' 
the  skin  after  the  usiud  hiith  with  a  powder,  such  as  pulv.  anci  oi»d 
p»dv.  amyli ;  pulv.  acid.  Iwric;  two  part«  of  starch  aud  one  of  the 
two  ingredients. 

The  rjigged  vernicose  condition  of  the  skin  on  the  nose  occurring 
some  cases  may  l>e  lessened  I>v  parinj^  oil'  the  nigs^wi  warty  exiTea 

Multiple  snpcilicial  ulxsco.^es  should  lie  opened  as  soon  as  they^ 
those   on   the  .scalp  hy  crucial   incisions  :    iodoform   prudticca  or 
antiseptic  dre»siiigi<  are  thert  to  he  applied.     l>ecp-&e»tcd  al>sce«es  at 
lie  opened  as  soon  as  the  presence  of  pus  is  dotecle<l     Cellulitis,  if  e« 
sive,  must  be  incised  freely,  deeply,  and  early,  and  antiseptic  fomentatr 
iipplicd. 

For  laryngitis  a  steara-tcnt  with  warm  inhalations  should  l»e  om 
If  dyspnwH  be  great,  or  (wleniii  of  the  glottis  ctccur,  tracheotomy  or  iotiilN 
tion  should  be  performed.     The  great  swellinj;  of  the  npc.k  in  sniftlt- 
renders  the  performancu  of  tracheotomy  somewhat  difficult.  And 
hwniorrhago  may  Uike  place. 

Glossitis,  if  glight,  subsides  without  interference,  but  the  tongue 
be  painted  with  glycerin  of  taniuo  acid,  and  application  of  ice  U  grulfH 
but  if  the  swoUing  be  very  ;^o.»t,  it  is  necessjiiT  to  make  a  free  iiK4»v 
about  half  an  inch  deep  and  aliout  two-ihinls  of  an  inch  exteniallj 
the  raphe. 

If  erysipelas  occur,  the  affected  pjirt  should  be  enveloped  in  orft 
wool,  or  painte^i  with  a  piwte  nwide  of  milk  and  a  little  lit|.  phunh. 
acetatis,  and  an tiatrop locoed e  senim  may  be  injected. 

With  the  view  of  checking  the  pustnlation  of  the  vesicles, 
dings,  such  ;ts  xylol,  thymol,  eucalyptus,  sulpho-CHrlwlate  of  soda,  hv] 
sulphite  of  sodu,  perchloride  of  mercury,  have  been  given  inttirually- 
have  not  found  that  any  arrest  of  pustulation  followed  the  um  of 
remedies  ;  not  oidy  did  they  apiJCvir  to  l>e  uselesa,  but  in  many  ir 
they    had    the   disadvantage    of    weakening   the   digestion   and    iiidu( 

liting.  ,. 

Opening  the  vesicles  with  or  without  CJiuterisation  has  l>een  worttf^ 
to  for  the  purpose  of  preventing  pitting,  but  the  method  is  painful, 
most  authorities  agree  that  no  appreciable  1>eneHt  results. 

With   the  view  of  arresting  the   pit)grea*   of  vesicuhu*  growtii 
pustiUalinn,  vacciiuition  has  been  recommended  after  the  apjieanua'i 
the  characteristic  eruption.     It  does  not  affect  the  progress  of  the  i^ruji 
in  iho  slightest  de;;i*ee. 

A'ys. — It  is  most  important  in  all  cases  in  which  the  eye«aro 
even  if  only  in  a  slight  degree,  that  \-aseline  shotild  be  appUefl  tn 
edges  of  the  lids  frc(pieittly,  to  prevent  them  from  sticking  toj 
otherwise  disclmrge  is  pent  up,  and  much  injury  to  the  eye  m;iy 

Conjunctivitis  and  mild  ophtliahnia  usually  yield  to  svslcmatic 
regtdar  irrigation  with  Ijoric  soliuioii.  Should  the  ophthalmia  lie  ati<i 
with  very  copious  purulent  discharge  and  much  swelling  of  the 
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jonctiva,  i^oHU  stick  of  nitrato  uf  silver  sfaonlrl  he  upp)ifHi  <laily  till  tlie 

DtlitJoii  W>gir\s  to  siibsiile.     When  there  is  very  groat  chomosis  of  the 

eotijiinctiva,  Welch  and  Schaniln-Tg  recommend  that  it  Ije  snipped,  and 

ii  cictnime  chenKksis  of  the  lids  canae  undue  pressure  on  the  eje^  that 

tbfl  onter  canthus  bo  cut. 

Wben  keratitis  occurs  in  the  course  of  an  uttHck  of  ophthalmia,  the 
fopU  should  bo  widely  dilated  by  Htropinef  and  warm  iHjrie  lotion  used 
wirrigaie  the  eye.  Should  there  be  much  increase  (-f  intra-ocuhir  tonsinn 
•  pftnicent4?.si8  should  be  performed,  and  be  repeated  if  necessary.  In  cuses 
td  keratitii^,  without  any  conjunctival  injeetitm  or  discharpe,  in  which  the 
fflmlc  conica  threatens  rapidly  to  Vwcome  opaque,  the  pupil  must  M  ftdly 
ililuted  with  atropine  twice  daily,  and  warm  fomentation^),  mafle  with 
liquid  extract  of  opium  or  poppy  heads  in  watci-,  applied  to  the  e\-e  every 
fire  miniite«.  and  interniiited  for  one  quarter  in  every  hour,  till  moderate 
uitiaiuniatory  reaetion  of  the  conjunctiva  is  set  np.  It  is  eiwential  that 
waat  of  The  warm  ffiniontation  should  be  dropped  into  the  eye  each  time  it 
isfotocnted.  After  some  intlammatory  action  of  the  conjunctiva  is  estab- 
lished, tlie  warm  Piiraentations  should  l>e  continued  ev^vy  liour  or  two 
Iwurs,  the  eye  to  be  kept  clear  of  any  discharge  that  may  appear,  and 
Iftter  recoimte  may  be  had  to  irrigation  with  warm  boric  lotion,  Many 
cues  of  this  nature  do  Itadiy,  the  whole  cornea  Hlon^,'hin;i  and  the  eye 
Wcoming  dworgnnised  ;  only  a  few  respond  To  treatment,  which  must  be 
commenced  as  soon  as  the  faintest  dulling  of  the  corneal  lustre  is  noticed, 
if  cQccess  is  to  be  hoped  for. 

Small  ulcers  of  the  cornea  yieW  to  treatment  with  an  ointment  com- 

pteed  uf  bydnirg.  ox.  flav.  2  grns.,  atropine  -1  gms.,  vaseline  2  <lrni8., 

*pplie<l  lo  the  eye  twice  a  diiy.      For  corneal  lUeer  coming  on  dnrin^*  tlie 

course  of  an  ophthalmia,  M'olch  and  Schaaiherg  recommend,  if  the  ulcera- 

'ion  he  central,  that  atitjpine  be  dropped  in  twice  or  thrice  daily.     But  if 

^Of  ulceration  Ixs  marjiinal  a  weak  solution  of  eserine  salicylate,  one- 

'I'larter  grain  to  an  ounce,  may  V»e  used,  Imt  with  great  caution,  as  this 

'*^g  is  liable  to  increase  the  hypenemia  of  the  iris,  with  consequent  iritis. 

"  hen  the  pupil  is  contracted  the  use  of  the  drug  should  be  discontinued. 

"hen  perforation  of  the  cornea  is  threatened  they  recommend  that  the 

**gefl  of  the  ulcer  be  cauterised  with  a  hot  probe.     During  the  whole 

*^>r8e  of  treatmertt  the  eye  must  be  thoroughly  Hushed  with  warm  boiic 

^''^iitions  every  hour,  or  more  often  if  necessary. 

Tlie  drug  treatment  of  small  pox  is  restricted  to  treating  symptoms  la 
~^^y  aiise,  since  no  drug  has  yet  been  discovered  that  will  inlluence  the 
^*v«lopment.  or  ane-st  the  piLstulalion,  of  the  eruption.  With  the  object 
^*  »iitigating  tlie  lie«d:iclio  of  the  initial  stage,  antipyiin  »>r  plienucctin 
^^y  l»e  given,  and  «ome  hypnotic,  such  as  trional  or  opium,  to  induce 
■leo|>.  Should  vomiting  \yc  troublesome  at  this  time  morphine  will  usually 
^Un.^*  it.  A  mild  tudine  mixture  may  l>e  given  during  the  earlier  period, 
•allowed  by  quinine,  in   two-  or  four-gmin  doses  every  six  hours,  when 


eruption   i»ocoraes  fidly  vesicular.     Should   the  pulse  become  rapid 
Mrcdi,  or  irregular,  during  puslulation  or  later,  cardiac  stimulant*, 
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tsuch  as  strychnine,  digitalis,  and  adrenalin  chloride,  may  prove  beneficiil 
For  bronchitis  expectorants  are  sometimes  useful.  During  recovery  froo 
severe  attacks  attended  with  emaciation,  Easton's  syrup,  iron,  quinine,  ind 
in  some  cases  cocMiver  oil,  are  distinctly  beneficial. 

During  the  late  vesicular  and  the  pustular  stages  restlessness  and 
sleeplessness  are  often  marked.  To  render  the  patient  fairly  comfortable 
and  to  induce  sleep,  drugs  are  required.  In  my  experience  tincture  of 
opium  or  morphine  are  the  best;  not  only  do  they  bring  rest  and  aleef^ 
but  a  dein*ee  of  comfort  otherwise  unobtainable. 

o 

In  quieting  the  violent  delirium  of  small-pox,  opiates  are  indis- 
{XMisable,  and  large  doses  are  frequently  necessary,  such  as  thirty  drop 
of  laudanum  or  half  a  grain  of  morphine,  repeated  in  an  honr  or  two  if 
the  delirium  continues,  and  thereafter  as  required.  These  may  be  given 
by  the  mouth  or  hypodermically  ;  in  the  more  violent  cases  I  found  hypo- 
dermic injection  the  most  suitable.  In  many  patients  it  is  possible  to 
keep  the  delirium  under  control  by  these  measures,  but  in  some  hiemor- 
rhagic  vesicular  and  pustular  cases  it  is  impossible  to  control  it  complet«lr. 
When  opiates  are  considered  inadvisable,  trional  or  other  hypnotic  Mf 
be  given.  In  some  cases  I  have  found  that  two  or  three  ounces  of  bnniir 
in  hot  water,  given  as  a  draught  in  the  evening,  will  enable  the  patint 
to  ivst  and  sleep  comfortably  during  the  night.  While  many  patienU 
object  to  ordinar}'  sleeping  draughts,  they  generally  take  brandy  readilj. 

For  the  retluction  of  high  pyrexia  during  the  pustular  stage  antipyresii 
may,  in  some  cases,  be  deemed  advisable.     If  the  temperature  be  hifA 
and  long  continued,  anti]>yrin  or  phenacetin  in  10-  or  15-grain  doses  will 
in  many  cases   temjwrarily  reduce   the  pyrexia.     Where  circumstanw* 
permit  a  toi>id  l«th  90    to  95'  F.,  given  and  repeated  as  requir&i,  is 
useful,  antl  will  motlerate  the  pyrexia  and  add  to  the  patient's  comfort 
Continuous  tepid  b:iths  are  recommended  by  some,  who  assert  thai  ht 
their  use  not  only  is  the  pyrexia  reduced,  but  the  early  maceration  of 
the  pustules  is  etfeetod,  the  formation  of  crusts  and  scabs  prevented  »»1 
the  septic  absorption  thnnigh  the  skin  very  much  lessened.     Cold  Itfite 
are  not  often  administerctl,  but  if  it  be  considered  advisable  to  do  so  ihc 
temper.ituiv  of  the  Ivith  for  adults  should  be  SO'  to  75   F.,  redaced  while 
!he  (K'tient  is  in  the  Kith  to  alwut  70  ,  and  for  children  8.^    F..  reduced 
to  aK>ut,  but  not  Mow.  7-">\     The  duration  of  the  immersion  shonMbe 
ii'iMU  ten  to  twenty  minutes,  as  the  comlition  of  the  patient  may  indicate* 
In  most  eases  ii  is  necessi>ry  to  irive  a  little  brandy  before  the  patifi*^ 
iv  iutheil. 

In  biAik  small-iHix  attendril  with  k-emorrhage  from  the  mncO* 
<'.'iri.ives  I  have  a«.tniinisteiv<l  er^otin,  hazeline,  and  other  hiemostai'*^ 
\^i:h  the  view  of  ^heokinc  ;:,  ^ut  little  or  no  benefit  has  refulied. 

-■   ■  '■       >bo',ild  ^-e  relieAeil  by  agret.*aMe  Ihii  effective  aperier**- 
."..;iU,  :t  !:ev'e*s*»ry.  \  y  suitable  etiemas.      Diarrhtva.  which  usually  o«r**] 
:.  y  ;r.  so\ere  ^ases.  ir. .^y  of:o:;   >"  ohtvkerl  by  such  astringents  as  cb^- 
..V.-:  vv.:*.\h':.  vombine-:.  it  r.^o^ssiirw  with  opium. 

Red   light   treatment.   ::i  which  the  actinic  or  chemical  r»v»    ^ 
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1,  baa  been  ndvncated  and  used  by  Ftnsen  and  others  for  tbe 
|fffTet»lioii  iif  sujipunition  of  the  veflieli-s.  The  success  clidmed  for  this 
BiKliod  hiis  not  buen  confirined  by  the  most  i-econt  oltservers.  Dr.  T.  F. 
Kicketla  tried  it  in  casus  carefully  aelecte*],  partly  as  being  in  a  very 
ftirlj  fttage  of  the  dietaise,  and  |>artly  as  being  likely  to  develop  Biippura- 
tioD  in  the  lesions.  He  slates  that  in  no  instiince  did  the  development 
ftdbfl  emption  and  the  prot^ess  nf  the  ra.ses  differ  from  what  wonUI  have 
Wen  expected  had  the  patients  been  treatod  in  the  ordinary  way. 

Serum  therapy. — Vaccinal  serum,  obliiined  from  immunisc<l  heifers, 
hu  been  used  by  litfclere,  Thoma<>n  and  Brownlee,  and  others  in  the 
tiwttQent  of  smallpox  wnth  the  ^^©w  of  arresting  the  pustulation  of  the 
Twicles.  The  dc«e  i-cqnired  is  very  large,  equivalent  to  one-fiftieth  part 
of  tbe  IkkIv  weight  in  adulu,  and  to  the  twentieth  part  in  children. 
Tlu*a  woman  weighing  70  kilograms  (155  lbs.)  received  over  loCH)  c.c. 
{h'l\  oz.)  beneath  the  skin  in  one  hour.  The  oises  trealed  have  been 
too  few  to  afford  any  reliable  indication  as  to  the  value  of  this  treatment. 
BiTgsr  states  that  the  method  is  harmless,  and  the  injection  of  the  scrum, 
«nin  in  large  amoimt*.  is  borne  perfectly  (rirf*  jj.  750). 

We  may,  however,  hope  tliat  when  a  highly  jxitent  vaccinal  serum 
iflarailiiblc  it  will  be  possible,  by  its  use,  to  arrest  the  evolution  of  tbe 
'»f  natuntl  smidl-pox,  and  induce  an  abortive  pustulation  in  the 
■~  similar  to  thut  seen  in  the  vesicular  omjition  of  many  vaccinated 
nmnlipo-x  fKvtionts  about  the  thiM  or  fourth  day  of  eruption.  When  this 
uathicvwl,  natural  smidl-pox  will  be  robbed  of  its  tcrrore. 

The  prevention  f>f  small-pox  is  most  eflicicntly  ensured  by  vaccination 
M)il  revaccination,  and  the  prompt  isolation  of  the  sick.  Should  smallpox 
W»Ic  out  in  a  family  all  "  contacts  "  shoidd  be  revaccinatod  at  once.  If 
rer.'U'ci nation  Iw  jX'rformcMl  within  three  ilays  of  reception  of  infection, 
Aiiil  if  it  l>e  successful,  none  of  those  exposed  to  infection  will  develop 
^mll  }K>x ;  if  done  later  it  may  or  may  not  modify  the  attack  should 
ffltill-piix  develop. 

John  MAcCo.MJiiE. 
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TYPHUS  FEVER 

By  Sir  Joii.v  W.  Mw»ke,  M.D.,  D.Sc.  (Hon.).  F.R.C.P.I. 

SYNONYM.S. — SjtoUM  Frirr,  MtculatM  or  Pettfhial  Tvjthui:  Germ.  F"^^ 
Jiff/er,  Fledti/phus^  Ejantheimiiisrhcr  Tf/phm;  French,   T^jtitus  a^  ■ 
tnutiyHf :    \Ui\.  Penmhti/o^  Tffjiho  fsantfuuUko :    Sjjjinish.    7if«»,     f^    ' 
TafmitliUo"  or  "  Tidttniii/liu"  (from  Ai/winA*,  a  cloJik  oJ  liark  el'»th  inir"«1 
by  the  poasjuitry  iu  Spain) ;    Dutch,   llfkhwiis,  K^cn'ui  ■  'J 

(I'.tf,  mfiligimnt  fever);  Swedish,  Fiifckii(fHs\  Norwegian  •'  -  «. 

NervfJArr^  Emntmutiiik  Tt(fu:f. 


Tvi'HUs  Fevkk  18  an  acnto,  specific,  highly  infections   disease  whi<^li 
pi-eNTiiU  in  epidemics  ;    |wirticn]arly  in  times  of  destitution  and  in  tl»f 
presence  of  nvercrowding  with  deHciont  ventilation.      It  Is  cfuirnctt-ri*^*' 
i>y  «  aniideti  onset  \vith  marked  nenoue  symptoms,  namely.  rheum;tt-<^**^ 
pains,  rigore.  atid  heaflache.     A  peeuliur  measly  or  rulieuloid  nish  apiwr'*'*^ 
most  commonly  on  the  fifth  day  of  the  disease.     This  consists  of  aligH*-*- 
elevated  spots  of  viirying  size  and  shape,  at  first  deleble  on   ppe«»***r 
(munilif)^    afterwards    |Hjriisient    ami    darker   (/Wcr/ii/f).       This    rnfib 
commonly  present,  except  in  young  children ;  hut  its  ]>resence  must  ** 
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le  coQsidered  essentisl  to  the  diagnosis  of  t\^biis.  It  results  ratber  from 
liaeolution  of  the  lilooi)  or  from  ^MuMeriul  thrombosis  than  from  dcrmntilis. 
ttere  is  early  and  usually  extreme  prostration  ImdiU  of  tlic  nervous  system 
[aifaTii)  ;iml  tif  ihe  muscular  system  (atltfiiamia). 

In  the  Aecoiid  week  of  the  fuvcr  delirium  is  commonly  present, 
MRUtimefl  of  an  ocuto  and  noisy  type  (delirium  ferox),  aceomjuinied,  it 
ny  be,  by  much  muscular  ftgitation  antl  restlessness  (delirium  treniens), 
but  oflcner  of  a  low.  listless,  muttering  kind  with  somnolence  (t}'7>ho- 
fuftitt  uf  Oalen).     In  this  case  there  is  a  tendency  to  stupor  or  coma. 

le  fever  terminates  by  ii  crisis,  which  generally  hai»|M!us  on  or  about 
wrtceuth  day,  and  takes  the  foi-ra  of  a  deep  and  prolo!i^'e<l  sleep,  a 
^Inmw  with  depoeits  of  urates  in  the  urine,  a  moderaU*  diarrho^a^  or 
slight  diaphoresis  with  quickly  reviving  intelliKfnee.  I^rofuse  clammy 
Ideating  at  the  time  of  crisis  is  universally  and  justly  regarded  as  a  most 
Mkrourable  sign.  Its  occurrence  is  associated  with  extreme  nervous 
Btmtirtn  ;  a  condition  which  Cfmatitutes  the  M>c>al]v<i  "typhoid"  or 
^Bdc  '  state. 

IR)uriQg  the  fever  the  mucous  membranes  are  generally  tbe  seat  of  a 
i^ive  c^rrh  ;  and  as  the  bronchial  tract  is  the  most  all'pcted,  the 
^ttue  uaed  to  be  called  ^Waiajrhal  typhusi"  in  Ireland,  while  Rokitansky 
toed  it  " bronrfioti/phus **  or  *^ jmrttnKfhfpJiJt*" 

In  fatal  cases  no  speeitic  Icston  is  fcmnrl  beyonrl  a  widuapread  con- 
»Uon  and  '*  dissohition  of  tJie  blood,''  as  woll  as  a  granular  (iL'geneiiition 
d  cloudy  B welling  of  the  nerves,  muscles,  and  great  viscera.     Koiio  of 

KleHioiis,  however,  is  of  constant  occurrence  or  peculiar  ti^  typhus. 
be  Greek  term  rvr/w?  (smokt^  misi,ptg)  waa  employed  by  Hippocrates 
fine  a  confused  siAto  of  the  intellect,  with  a  tendency  to  stupor 
up{tr  fxlUmitufi)  ■  and  in  this  sense  it  is  aptly  applied  to  typlnis  fever  with 

Bow  cerebration  and  drowsy  stupor.  Boissier  de  Siiuvuges  first  (in 
)  calle<l  this  fever  *' typhus,"  and  the  name  was  adopted  by  C'ullen 
Edinburgh  in  1769.  Previous  to  the  time  of  de  Sauvnges  typhus  was 
lOwn  as  "  Pestilential "  or  "  Putrid  Fever,"  or  by  some  name  suggested 
r  Iht'  eruption,  or  expressive  of  the  locality  in  which  it  appeared,  as 

tp,"  "Jail,"  "  Ho.spit4iI,"  or  "Ship  Fever"  (Murchison). 
iolofiry. — Tvphus  is  mostly  a  disease  of  the  temperate  and  cold 
ft  result  which  is  in  great  measure  due  lo  the  mode  of  living 
id  by  juxtple  residetit  in  cold  cliniules.  They  con^'regale  in  badly 
!«tiUted  bouses  rather  than  live  an  open-air  life.  This  fever  has  from 
nie  lo  time  prevailetl  in  all  parts  of  Europe,  hut  it  has  ha*!  its  peculiar 
^hitjiia  in  Great  BritJiin  and  Ireland,  and  in  liussia.  In  the  United 
i|De  and  British  North  America  it  has  prevailed  epidemically  at  various 
0i  since  1807.  when  it  m:t<le  its  first  a|)peiiram't;  in  the  New  Kn>;land 
"^s.  In  Philadelphia  it  broke  out  in  1812,  cuittinuing  to  shew  itself 
^t^icftlly  until  I.S36  (H.  Amory  Hare).  It  is  hanlly  known  in 
^ttalia,  New  Zealand,  India,  Africa,  or  in  the  tropical  and  8id>tropicuI 
of  North  and  South  Aiiiciica.  The  Irish  race  has  been  especially 
to  the  disease,  probably  from  the  habits  and  comparative  i>nverly 
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of  that  people.     "The  history  of  typhtia,"  Hirsch  obsen-ed,  "w 
in   those  dark   |wi;es  of   the  world's  story  wliicli   tell   of  the  gri« 
visitations  of  raunkind  by  war,  famine,  and  misery  of  every  kiwi" 
added,  "The  idea  that  overcrowding  in  filthy  and  unveiitiUted  r 
artonU  the  essential  condition  for  the  development  of  typhus-foci  aui 
the  8preA4l  of  the  disease  hue  been  completely  l»oi*ne  out  by  the  C3 
onco  of  all  times."     Kpidemic5  of  typhus  aro  yearly  becoming  more 
more  rare.     The  most  recently  recorded  British  ontbreak  ia  one 
oecurred  in   Sheffield   in    IS90,    and   was   desciibed    by    Dr.    Th 
Thomson,  Inspector  of  the  Lo«d  Government  Board  (Knglund). 

In  practically  all  cases  typhns  arises  from  the  reception  intfl 
system  of  «  specific  poison.  Of  the  intimate  nature  of  this  poison  w 
still  ignonuit,  although  analogy  p«^»int8  to  some  micro-orgniiiJim  or  it< 
ducts  as  the  uium  raumm  of  the  disease.  Hlava  nS9I )  and  Lewi 
(1892)  arc  among  the  most  recent  writers  on  the  bacteriology  of  I; 
In  1894,  Kelsch  suggested  the  hy^jothesis  that  the  cause  of  typhnt 
micro-organ  ism  which  is  usually  innocuous,  but  become*  jMthogc 
under  special  conditions  of  environment.  Nothing  definite,  howevci 
a»  yet  re«idted  from  their  reswirchcs  or  those  of  other  investigjiti^rs 

The  timit'nes  morbi  is  cast  off  in  the  breath,  frum  the  skin,  posril 
the   evftonations  also.      It   is   then   conveyed   through   close   air,  < 
fornites,  arul,  itilialed  or  swallowed,  finds  its  way  intx^i  the  blood  of 
victims.     There  is  no  e^ndenco  that  the  poison  of  typhus  is  tmuo 
through  liquid  media.     It  is  certainly  not  carried  by  water,  nor  dl 
boar  any  relation  to  the  soil.     Actual  contact  with  the  sick  is  not  em 
for  the  transmission  of  typhus;  yet  the  striking-<lifttance  of  this  if 
not  gi*e.'it.     Unlike  the  contagia  of  small-pox  and  scarlatinft,  the  poii 
typhus  docs  not  cross  ojjen-air  sjmccs  ;  it  is  reaiiily  nentralised,  }tTo\^ 
by   oxidation,    on   coming    into   contact   with    fresh   air.      It   is  «|r 
absorbed  by  articles  of  clothing,  b&lding,  furniture,  and  l»&ims  of  ^ 
particularly  by  dark-coloured  rather  than  by  light-coloured  wcKiUeniu 
of  dress.     Such  carriers  of    infection  are   technically  Cfdbwl  **fon 
(Ivit.  fomes^  /oiiiitis,  touch-wood,  tinder).     Typhus  is  uon  inocnlabl 
eminently   infectious  or   "aitching."     There  is   no  evidence   that 
comnuinicuble  to  the  lower  animals.     One  attack  generally  confrt 
munity  fmni  a  second.     The  disejtsc  is  infoctitms  or  "witching"  in 
stages,  proltabiy  most  so  during  the  period  of  defervescence  and  iti 
convalescence — tliat  is,  when  the  patients)  are  des<pianiating.     Anai 
the  qnofition,  "At  what  period  of  the  disease  is  the  danger  of  inf 
greatest  1"  Ciirsrhniann   says,  "  l^ndr)ubto<lly  at  the  beginning  and 
height  of  the  febiile  sUtge."     He  reganls  infection  :i9  possible  durii 
period  of  incubation,  and  as  attsobitely  certain  during  the  initial 
(invasion).    In  support  of  the  former  of  these  two  stat<»mentfi,  he  rec 
instnictive  case  which  he  siiw  when  a  student.     One  of  his  fellowst 
became  infected  as  the  result  of  spending  an  hour  in  a  typhus  fever  p*1 
room,  at  a  time  when  the  patient  had  as  yet  no  fever,  and  eoni 
ouly  of  slight  general  malaise,  depression,  and  pain  in  the  head  and 
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f.ven  the  Ijodies  uf  tlueo  dcjul  of  typhna  may,  iindur  certain  conditions, 

'x  the  disejwe.     Its  poison  is  ver)*  volatile  and  lighter  thiin  atmo- 

uir.       There    is    strong    presumptive    ovideitfo    that   dry    lioat 

^ati  C.  =  204'8^  F.)  is  a  powerfid  diainfeotanfc  agent  in  the  preventive 

ent 

Curecbmann  considers  it  is  proUible  thnt  the  contagium  continaos  to 

rtNlnce  itaeU  in  the  iinmediute  snnoundiiij^a  of  the  jMitient  for  some 

t  liofore  and  after,  as  well  a.s  during,  the  fehrile  peritHl.      lie  thinks 

tiol  tliis  coatagium  undoubtedly  attJiches  itself  lo  the  dust  in  the  atmo- 

iplwif,  and  U  very  easily  tmnsferre<l  to  inanimate  arlieleH  handle<l  l)y,  or 

ckMC  CO,  the  ]>atient,  such  aa  clothing,  underwear,  bedclothes,  curtains, 

csTpflW,   upholstered  furniture,   and  in   fact,   all   objectii   with    a   rough 

trotillr  Kurfnce.      If  such  objecU  are  protected  against  contact  ^vith  air. 

'iLirly  air  in  motion,  the  contogiuta  clinging  to  them  may  maintain 

liity  for  mattv  month-t,  and  the  disease  may  thus  be  cairied  to  diHtant 

•  ■^,  where  it  was  not  prevalent  at  the  time,  and  where  it  is  not 

:  J:;u';.     For  example,  in  Hamburg  a  furrier  was  attacked  by  typhus 

U'n  days  after  he  had  receive<l  a  consignment  of  furs  from  an  infected 

district  in  Poland.      He  had  not  Iwen  absent  from  home  for  months,  and 

lu(i  not  come  into  contact  with  any  one  sutfering  from  the  diseiuse,  while 

niort*  than  a  year  had  elapsed  since  the  last  sporadic  case  of  typhus  fever 

lad  occurred  in  Hamburg.     The  disease  was  ti:n cd  to  the  infected  articles 

Wyre  they  had  been  put  on  the  market.     They  were  immediately  di»- 

init-ct^d,  and  ibero  was  no  fiu-ther  spread  of  the  disease. 

The  doctrine  of  the  tlr  notv  or  spontaneoiLs  generation  of  typhus  is 
"I'jiowd  to  idl  analogy,  so  far  as  the  specific  fevers  are  concerned ; 
i'ldi-wl  It  is  Ijcset  with  greater  difliculties  than  those  which  it  is  desjgrted 
t<M'.\plain.  Further,  it  is  nnnecess;uy  if  we  assume  the  micixjbic  origin 
»i  this  fever,  and  remember  how  great  is  the  vitality  of  the  contagium, 
if  enly  it  in  prevented  from  coming  into  contact  with  fresh  air.  It  must, 
Viwever,  be  adnutte^l  that  now  and  agiiiu  a  case  of  typhus  occurs  in 
*liich  it  is  impossible  to  trace  the  infection.  A  striking  example  is 
reiwrted  by  Surgoon-LJeneral  K.  H.  Quill,  l;.A.M.L'. 

Till)  bncl/Tu4(»j^  of   typhus   fever  is  still  imjierfect.     KescarchoB  on 

HBe  subject  have  lieen  in  progress  since  1808,  when  E.  Hallier.  of  Jona, 

^^■Doiuiced   his  discovery   of  a   typhus   fungus   (JihiutfMitji).      In    18ii3 

I*r.  .Mutt  described  actively  motile  dumblwll  cocci  in  the  blood  of  typhus. 

lo  3.SD1  Hlava  of  Prague  foimd  in  the  blood  in  twenty  out  of  thirty- 

wree  h»tal  coses  of  typhus  a  peculiar,  well-defined   Ijacterium,  l<j  which 

*"*  gave  the  name  of  Sirtftt'tfMuil/uif,  juid  which  he  regards  as  the  cause  of 

'Oe  fever.     Lewascliew,  in  1892,  described  organisms  which  he  hjid  foun<l 

^'^  the  blood  of  the  spleen  or  finger  of  typhus  ]>atients,  ami  which   be  re- 

^'^J^^d  as  a  cause  of  the  disea-se.     In  fresh  blood  these  organisms  appear 

j^  *»tial].  round,  highly-refractive,  actively  moving  bodies,  lying  between 

*^*_  coq>u8clcs.     .Sometimes  tho  organism  is  oval  in  shape  and  flagellate, 

't   may  ap|>ear  iis  a  thread  slightly  enlarged  at  one  end.     These  are 

**'>«iblv  different  forms  of   the  same    microbe.      Laatlv,  Dubieff  and 


Bruhl  (1893)  foujid  in  iHo  blood  ant]   spleen  u  (Hplococciis,  cadled 

An  ijidividurtl  is  rendered  more  susceptible  to  the  influence  of 
primjiiy  exciting  cjiuse  of  typhus  by  coitain  acci<lental  circumstances, 
selves  iu8utheiL-nt  to  genemie  the  fever,  to  which  the  term  "  predi»j 
causes  '*  is  applied.    The  chief  predispCMsing  causes  of  typhus  ure,  in  liicor 
of  their  etiolojijif^al  imporUincu,  destitution  iind  defective  numtion,  ni 
crowding,  Iwid  vcnliliition.     In  addition  to  these,  the  prevalence  i;f  1)1 
is  more  or  less  favourefl  by  the  winter  season,  int^raiwmnce.  n*c(*tu 
dencu  in  an   infecttxl  locjility,  previous  illneescn,  IxKlily  fatigue  utii 
lofts  of  sleep,  mental  anxiety,  and  depressing  emotion  3uch  as  &*ivt 
disappuintment.  and  worry,     lu  the  presence  of  a  gi'oup  uf  ihefid 
small  and  hitherto  inert  dose  of  the  fever-poison  may  kintlle  a 
attack  of  typhus  in  such  u  way  as  to  suggest  that  the  fever  hn 
BpontJuuiDUsiy  or  de  novo. 

Morbid  Anatomy. — Cadaveric  rigidity  is  of  short  dumtion,  »« 
putrefaction  Uikes  place  rapidl}.  Kmaeiation  is  sometimes  eonsidenl 
lhou;^h  much  Ie8.s  than  in  enteric  fever,  owing  to  the  shorter  cuum^ 
typhus  and  to  the  absence  of  intestinal  lesions.  Widespread  rori^ 
(|Ni$sivc  hypertcmia)  is  the  most  constant  and  noticeable  post-i 
appearance.  The  petechi,*B  persist  after  dcAth,  and  the  hhmd 
general  is  prnfoundly  altt^-cd,  being  feebly  coagulable,  often  sUinii^ 
the  endocaixlinm  and  the  intima  vasorum.  Examined  under  U» 
microscof>e  rouleaux  are  absent,  and  the  reti  blotid  -  curpusclet  ir? 
crenatcd  and  misah&peiL  Oligucytluemia  mid  leucocytoKts  are  QfluJlv 
observed— the  latter  condition  affording  a  diagnostic  from  omeric  in 
<Combemalc).  The  muscular  tissue  of  the  heart  is  softened  and  fi 
It  is  the  seat  of  cloudy  swelling  ami  granular  fatty  de-gen cratiun.  In 
respiratory  system  there  arc  traces  of  a  M'idosprcad  catarrhal  infli 
tion  of  the  airjKLssages  and  of  hy]x^6tatie  consolidations  in  the  h 
Cuntehmann  has  seen  live  uisos  of  pulmorukry  gangrene  in  typhus, all 
10  aapirution  of  putrid  matters  in  perichondritis  of  the  larynx. 
evidence  of  acute  inflammation  of  the  brain  or  its  mcmbrunoi  is  U 
coming  an  a  mle  ti>  ac^'ount  for  the  cerebral  symptoms.  The  ki 
are  not  uncommonly  liypcrwrnie  and  enlarged,  while  the  tubes 
with  granular  epithelium.  Notwithstanding  tlie  more  or  less 
occurrence  of  the  foregoing  iiathologicaj  changes,  we  may  conchide 
Murehisou  that  "thei^  is  no  obvious  lesion  cousUinl  in  or  peculiar^ 
typhus." 

Clinical  Description. — In   typhus  fever  there  seem*  to  1«  no 
duriition    for"    the  jkii'hI   of  infuhatuiH   or   the   Utirut   stage.       In   a    Ii 
lunnber  of  casiw  it  irt  aliout  twelve  djiys  ;  it  rarely,  if  ever,  excrrds 
week*.     In  muny  instances  (one-third  or  more)  it  is  less  thiin  twelve 
and  occasionally  there  is  scarcely  any  latent  periml,  the  symptom* 
mcncing  almost  at  the  instant  of  exposure  to  the  poison.     Frequi 
the  [latients  are  conscious  of  the  moment  at  which  the  fever-poison  n 
the  system.     One  or  two  days  of  slight  indisposition,  shewn  by  lanl 


Ti-rtt^  slight  headache,  and  Iuba  of  appetite,  may  provedu  the  actiinl  unset 

.  which  is  sudden.      Thi-  oarlit'st  symptoms  arc  referable  to  t.h<* 

-.ytittim  ;    thoy   are   chilliness  ur  slij^ht   riyors,  lan^or,   frontal 

bt-vUcho,  f>ain»  in  tho  Imck  aud  liinhn,  eBpecially  the  thighs.     Giddiness, 

DCiue»  in  the  ours  (tinnitu:i  nuiiMtu),  and  di&turhod  sleep  or  Ble6ple»sne8s 

feTQ  ooniniouly  present.     If  sleep  occur  it  is  haunted  by  dreaiuB.  and  the 

]»iirrit  ramblcii  in  his  sleep.     A  Hcutte  uF  complete  exhau.ition  <|iiic-kly 

<i«rrMbirlut6  ihe  suHcrcr,  su  that  by  the  third  day  ho  ia  fain  to  Uik<*  to 

!    Ivd.     In  this,  the  .V"Vf  vf  ittvaxnni,  other  gymploms  are  loss  of  appetite, 

I  i>tti|Nition,  Bunietinid»  nauHea  without  vomiting,  cnatetl  tongue,  quick 

■       pciUc,  riuahed  and  dusky  face.    Th«'  expression  at  tiri^t  l)ctokenH  weariuess^ 

?       itui  «oon  brcomci*  dull,  heavy,  and  listless,     Afterwards  the  aspect  becomes 

v,Mniit  and  liewildcrod,  .sometimes  Avild  ati<l  deriant.     Tho  face  i»  flun'hed, 

with  .1  dusky,  eartiiy,  or  leadpu  htie.     Such  is  the  focus  Urphvm. 

Tlie  stiujt:  of  itri^/us  fj^cUrm^nt — -also  called  the  fniptive  staffc — 
fnlliiWK.  It  commonly  extend.8  from  the  appearance  of  the  i-ash  on  the 
fffunb  or  Dfih  day  until  tho  commencement  of  somnolence  or  sULpur.  Ita 
l«Iing  foalurefl  arc  restlessness,  wakefulnesfi,  and  delirium.  During  this 
•tagc  headai.-he  gives  jiloce  to  iiiving,  and  the  tongue  gn>ws  dry  and 
brown ,  sotxJes  collect  on  the  Ii[»s,  teeth,  and  gums,  and,  becoming  black 
fruti  desiccation.  Lave  a  heavy,  offensive  smell.  The  pre.nence  of  abimdant 
>Upii«it8  of  sonies  is  so  far  a  proof  of  a  severe  attack  and  of  serioitsly 
impftired  vital  powers. 

The  rash,  or  cxanthem,  of  typhus  in  its  earlier  bt4\go  often  closely 
pcsemhles  that  of  measles;  hence  the  terms  "morbiUiform,"  "  rubeoloid," 
«k1  "(iiejiftly  "  arc  often  applied  to  it.  U  consist*  of  spots  or  niacube  of 
^vy  irregular  size  and  outline,  ami  of  a  dirty  pink  or  Horid  colour. 
Thene  Appear  first  nwir  the  armpitb  antl  on  tho  wristfl,  then  on  the  sides  of 
ihc  nUiomen,  aftcrwtu-ds  on  the  chest,  Ijjick,  shouldet^,  thighs,  and  arms, 
^bey  are  rarely  seen  on  the  face  and  neck.  At  first,  and  particularly 
in  tuild  cases,  these  niacidie  are  slightly  elevated  and  deieble  on  pressure, 
"ke  iJie  velvety  papules  of  measles.  Tbey  have,  however,  no  defined 
'  LiQ,  but  n»erge  insensibly  into  the  colour  of  the  surrounding  skin. 
)  uth  the  cuticle  another  crop  of  macuUe  often  apjiearK,  causing  a 
*^»*ratteristic  marbling  or  mottling  of  the  skin,  hence  the  cxprejision 
*Ubculictdar  mottling."  The  superficial  ^^pot«  and  the  dee|»er  mottling 
^^geiher  constitute  an  eruption,  to  which  .Sir  William  .lenner  gave  the 
"'Wne  of  tho  "mulberry  rash"  of  typhus. 

Towards  the  close  of  the  jird  ic<ek  headache  commonly  gives  place 

**J  'ielirium  or  raving,  which  may  last  up  to  the  time  of  the  crisis.      The 

*f^Iinum  is  sometimes  acute  and  noisy  like  mania  {drliiitun  /nvjr);  sonio- 

*-im<..5   more    like  that   ui    fKccmive  alcoholism,   being  aix*om|)anied    by 

*****actilar  agitation,  trembling,  lunl  talkativeness  {(fditium  tremens)]  and 

*'-*'ni'times  of  a  low  muttering  kind  (the  ii//'hointmia  of  Galen).     The 


»»•- 


■"voii^   excitement    is    niuHl   marked    towards    evening   and   at    night. 
'~t**trution  takes  it*  place  in  tlie  morning. 

Alwitt  the  tenth  day  the  sUiffe  of  tunwus  prwtraiiim  succeeds  that 
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of  uorvoua  excitement.     It  \^  niso  called  the  "putrifJ/'  **  tDAUjEnvOi* 

"typhoid"  ("aiftxic")  stage,  or  the  "later  eruptive  stjige,"     Tliit  ii] 
most  critical  [>eriu<l  in  typhus,  and  when  its  ominous  symptoius  are 
marked  the  |>atient'9  life  hangs  trembling  iti  the  balaitce.      Kxtm 
nervous  prostration  (ataxia),  muscular  and  cardiac  weakness  (adj 
defective  cerehration,  low  mutterinjL;  delirium,  stupor  and  un( 
deepening;  int<j   cuutii,   are   the   phenomena   which   >jhew    themiictvcf 
"  ataxu  adynamic  typhus,"  as  this  grave  form  of  the  fever  is  callod,^ 
patient   lies   on  his   Wk   and  sink.s  tlown  in  the  bed  (prostnt 
decubitus),  he  moans  and  mumbles  to  himself  incoheruutly,  is  int 
to  all   that   goos  on  around   him,   looks   stupid  and   uncoDscioof, 
injected    ferret-like   eyes,    contracted    pupils   (tho    ''pinhole   pupil 
(Jravca),   teeth   contccl   with   sordes,  and   dry,   bro\m-cnuit<HJ,  »hriv«lli 
tongue — the  **piLrrot-t<^»ngue  "  of   typhus.     Deafness   is   aUo  a  cfltni 
symptom.        V^irious     iuvoluutar}'    movements     take     plac«,    such 
tremorri,     twitchings    of    the    muscles    {mtltsuUuji    tnidittum),    &[ 
twitcliings  of   the   face,   perhaps  choreic   convulsions,   or  more  imi 
picking  at  or  fumbling  with  the  T>ed-clothes — the  so-called  "  ilovcitAtil 
or  *'car]»holugy."     Obstinate  hiccough  {siwjuUti.'^)  often  aiTrini{MUtie« 
movemont-s,    and   is    a   very  grave    sign.     Xot   uncommonly,   aI«j, 
voluntiiry  evacuations  take  place  from  [taresis  of  the  sphincters  of  tl» 
rectum  and  blwlder.     The  pulse  is  rapid  (112-145),  small  and  soft; 
respirations   are   shallow,    frequent   (40-48),    blowing   and    noisy — \ 
"cerebral  breathing"  of  Sir  Dominic  Conigan. 

Siniultiineously  with  the  unset  of  these  unfavourable  Byini 
eruption   changes   in  clmnicter,   becoming    darker   in    colour 
indelible  on  pressure.     The   »pots  are  no   longer  elevated,  and' 
centres  of  many  of  them  dj»rk  piuple  or  bluish  [wints  appeai\ — the 
"/WrtVu'r,"  which  Murehison  defines  as  consisting  of  an  infiUi'aliwi 
dissolved  ha:-matiu  into  the  tissue  of  the  cutis.     The  peculiarity  of  tj 
so  far  as  the  rash  in  concerned,  is  that  the  vrujition,  in  its  earlier  H 
is  a  true  exantheni  due  to  hyj>era.*mia,  or,  it  may  be,  congestiun  trf 
cutaneous  capilhiritis,  tho  ouuome  of  '*  ataxic  angio-ueiiroBifi  "  (Umis,  21 
where^is  in   its  later  stages  an  eswtpe  of  blood-pigment  into  the 
from  tho  broken-up  red  blood-corpuscles  is  substituted  for  this  hy| 
or  congestioiL     The   maculce  are,  in  a  word,  converte<l   intr>  pctcti 
Unna,  however,  maintains  (25)  that  the  docLrine  of  **  blood-dissnlulit* 
in  infective  ilisca.ses  is  obsolete,  an<l  with   Klebs  connect^;  the  cut^uii: 
hiemorrhages  of  these  diseases  with  blocking  of  the  vessels  of  the  skin 
bacteria.     The  infective  forma  of  pnrpum  are,  according  to  him,  wo^ 
simply  explained  in  this  ^vay  ;  and  he  thinks  that  bacterial  coognUt 
thrombi  will  probably  in  future  play  an  important  part.     Applyini! 
view  to  typhus,   the  pet4;cliia*  wotdd  be  the  result  of  a  diApodeuB 
]>ending  in   its   turn   on  clotting  of  plastmi  and  consecutive  si 
round  l>acterial  emlwli. 

Tho  earlier  and  more  marked  the  "typhoid  atate"  just  described,!^^ 
more  severe  the  case.     The  older  writers  spoke  of  it  as  the  "putritl"' 


»t  stiige."     It  is,  however,  by  no  means  peculiar  to  typlius,  for 

ipervene  in  small-pox  or  scurlatinH,  and  indeed  in  siny  idiopalhic 

toti-pdifiotiiiii;,  or  local  inflammation. 

mcb  a  dire  strait  thu  patient  may  lie  for  many  hours,  or  several 

Dtil   iht-  Atii[Hjr  passes  into  prf>ruund  and   fatid  coma,  the  "coma- 

pf  Sir  \Villiam  Jenncr.     In  this  most  deadly  tntnee  the  sufferer 

his  eyes  wide  opf  n,  with  a  vacant  j^aze  and  widely  dilated  pupils 

e  to   tight,    his  lips    parted,    his   fucti    pallid    and  devoid    of   all 

n,  ihc  pulse  rapid  and  feehle   or  imperceptible,  iho   brcalliiiikj 

be  detected,  the  skin  cohl  and  clammy  or   halhed   in  swujit. 

wake  the  {Kttient  ia  inHcnsihli',  and  flurely  dies.     In  other  cases 

bngorgement  of  the  lungs,  with  asphyxia,  supervenes,  or  the  heart 

'h  coldness  and  lividity  of  the  surface,  and  prufusu  Hwcatiu<; ;  death 

rom  syncope  and  coma  combined.     Or  again  some  fatal  complica- 

Y  seize  and  carry  off  its  victim — a  widespread  hronchial  effusion, 

be ;   or   the    so-called    hypostatic   conR^Btion    of    the    lungs,   or 

is,  or  inflammation  or  degeneration  of  the  kidneys  with  ura-mic 

ions,  or  gangrene   in   its   varied  tbrms  of  Ijed-More,  sjiontaneous 

ff  from  arlenal  thrombosis,  and  noma  or  canerum  oris  (gangrenous 

as). 

pity,  such  is  not  always  or  even  frequently  the  end  of  an  attack 
ns,      Tsually  on  or  alwut  the  fourteenth  day  there  is  a  more  or 
pden  and  rapiil  improvement  in  the  jmtient  s  eonditinn,  and  the 
'  dfferwsctnir  or  rrisia  ensues.      At  the  time  nanu^d   tlie   pjitient 
to  a  quiet  and  prolonged  sleep,  from  m  hicli  he  awakes,  it  may  l»e, 
IjcwiUlered  and  confused.     Soon,  however,  he   recognises   those 
him,  and  for  the  Hrst  time  is  conscious  of  his  profound  weakness. 
|se  Wats  less  quickly  and  the  tempenttnre  falls,  (he  ton^ie  becomes 
nd  clean  at  the  edges,  the  skin  is  moist  or  the  bowels  arc  rela.xed, 
iriuc  deposits  urates  in  abundance  and  is  copiously'secreted.     In 
Ite  diseases  is   crisis  so   marked   as   in    typhu.«,   and    in   uncom- 
cases  the  final  defervescence,  qs  recorded  by  the  thermometer,  is, 
Wunderlich's  expressive  phnise,  usually  "  precipitous." 
the  temperature  falls,  restunition  to  lieidth,  or  tlie  s/f/f/tf  of  can- 
goes  on  a|>ace.     The  tongue  cleans  and  is  moist,  the  appetite 
me  ravenous  (bulimia).     Mejinwhile  the  bodily  jwwers  improve 
ay,  so  that  in  three  or  four  ^vceks  health  and  .strength   may  be 
Typhus  but  rarely  lays  the  foundation  of  any  permanent 
se. 

mean  duration  of  500  uncomplicated  cases  ending  in  recovery 
rding  to  Murchison,  13'43  days.  That  of  100  fatal  cases  was 
iys.  When  life  was  prolonged  Ijoyond  twenty  ttays  the  fatal 
the  same  author's  experience,  was  due  to  some  oi)m[)licution. 
lagan  investigated  581  uncomplicated  cases  which  recovcro<l 
undee  Koyal  Infirmary,  and  found  Vimir  mean  duration  to  be 
vkys — a  value  which  is  pi-actically  identical  with  Murchison's 
Although  the  duration  of  typhus  is  thus  about  fourteen  days, 
ri. — PT.  I 
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this  fever  nuiy  i-un  a  much  shorter  course.  3rIaIignAnt  cm 
t«nmnate  fatally  on  the  second  or  third  flay,  or  even  in  a  fevr  boit 
such  oases  the  nanio  of  Uasttntj  ty^tltus  or  typhis  mdtiinM  faafi  beef 
This  terrible  form  is  apt  to  prevail  in  times  of  war  and  dostitutioi 

In  ordinary  times,  however,  cases  of  short  dtiration — pari 
among  children — are  not  uiicnmraon  and  are  usually  mild.  S 
these  patients  sh(?w  but  little  rash,  though  Murchison  gives  M 
cases  with  eruption  which  terminated  on  the  tenth  or  eve 
the  eighth  day. 

Relapses  are  extremely  rare  in  typhtu.  Not  a  single 
I'ttlttjise  was  ever  Been  by  Sir  William  .Tenner,  A.  P.  Stewart, 
Out  of  I8,26K  c'tses  of  typhus  reported  at  the  lx>ndnn  Fev€ 
during  twenty  three  years,  only  one  example  of  a  tnw  relii| 
observed  (by  the  late  Sir  George  Huchanan) ;  in  several  iiistanot 
ever,  a  genuine  has  been  preceded  by  an  al>artive  jittack.  But 
case  was  that  of  a  nurse  in  the  hospital,  aged  12.  who  passed  thn 
attack  of  tyi>hus  lasting  two  weeks.  After  a  week's  interval  a 
took  place,  with  a  recurrence  of  the  rash,  lasting  upwards  oi  a  fa 
A  very  similar  case  was  recorded  by  W.  E)>stein  in  1^09.  In 
stance  an  interval  of  twenty-five  days  occurred  between  the  two 
Cur^chmatm,  commenting  on  the  extreme  nirity  of  relapses  in 
reports  two  instances  of  what  he  believes  were  undoubted  exmq 
relapse,  additig,  that  he  looks  on  the  cases  as  anonialou»,  IhxsQ 
occnrred  in  IsTjs  amori^^  a  vcr)-  small  number  of  patients  in  the 
Hospital,  Berlin,  while  in  1871>  liis  colleagues  and  he  failod  to 
anything  in  the  leaut  r«*8ombling  a  relapse  or  a  recurrence.  The  i 
reported  by  Curschmaim  was  that  of  a  labourer,  aged  26,  what 
terminated  by  lysis  between  the  elevenih  and  seventeenth  du^-s. 
twcntv-sixth  day  the  temperature  rose  again,  the  spleen  liecame  el 
and  on  the  day  of  the  **  n^lapse  **  there  wvks  a  distinct,  though 
eniption  of  rosc-spota  on  the  abdomen  and  chest,  with  a  few  spon 
extiemitios,  the  rose-spots  "  later  in  part  undergoing  a  i>et«chi4 
formation."  This  was  in  1 879,  AVe  have  a  shrewd  suspicion  that 
test  would  have  given  a  positive  result  had  it  Ifcon  then  practisei 
second  example  of  "  relapse  "  in  typhus  is  equally  incunchisiveL    J 

Tfinixnilurr, — No  clinical  dtuscriptiini  of  typhus  would  be  a 
without  an  account  of  the  behaviour  of  the  temperature  in  the  di 

A  sudden  rise  of  the  thermometer  takes  place  at  the  out^H't^  cull] 
in  a  fastigium  or  acme  of  103"  to  105*  F.,  nt  some  time  lwt« 
evening  of  the  fourth  day  and  the  sevetith  day,  or  later.  E) 
severe  ca.^cs,  this  is  folhiwed  by  a  more  or  less  pronounced  rem! 
fever  or  jisrtuiocriais  cjirly  in  the  second  week,  generally  l>etw 
seventh  and  tenth  days.  In  mild  cases  this  fall  of  tem^ieratnr 
brgiiuiing  of  tht^  second  woek  may  prove  complete  and  final,  a  tn 
cutting  the  fever  short  ("typhus  li'viasimus,"  nr  "mild  typhus 
the  other  hand,  in  grave  cases  a  gradually  rising  tempernlurp  at  tl 
may  culminate  in  fatid  hvjwrpyrexia  (105'8''-109'4'^  F.). 
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In  many  insliint'es  the  pseuiio-crisis  at  the  beginning  of  the  second 
»pfk  U  Kucceeded  hy  a  second  fiu^ti>!;iuni  on  or  after  the  clcvcntli  dav- 
In  favourable  cases  this  does  not  attain  the  height  of  the  initial  fastigium 
iu  ;he  finit  week.  This  second  rise  of  teinperaturt:  may  be  absent,  the 
tbe-rmometer  gradually  failing  through  the  second  week  until  the 
fourteenth  day,  when  it  rapidly  sinks  to  or  below  normal. 

In  a  majority  of  cases  tlefervescence  is  sudden.  It  may  be  pre- 
crtiwi  h_v  a  final  evening  exacerbation  on  the  twelfth  or  thirteenth  day, — 
1  "critical  perturbation,"  as  VVunderlich  called  it.  The  descent  of  the 
teinppratute  is  then  rapid,  even  pre€ii>itous,  fallinj:  3'^  to  5'  V.  or 
more  in  a  single  uight,  afterwards  ic  rises  some  2  in  the  evening, 
Ml)  finnlly  reaches  the  normal  point  for  the  first  time  next  morning. 
Such  is  the  crisis  of  typhus.  In  its  suddenness  and  completeness  it 
elowly  resembles  the  abrupt  defervescence  in  l>oth  measles  antl  acute 
-nia  (pneumonic  fever),  except  tliat  it  occurs  at  the  end  of  the 
instead  of  the  fii-st  week  of  the  fever,  as  in  the  latter  diseases. 

Severe  cjises,  with  cerebral  symptoms  (aU-ixic  tj'jjhus).  shew  u  con- 
Unaoasly  high  range  of  the  thermometer  without  any  lemission  al}out 
tfe  seventh  day — indeed,  the  thermometer  continues  to  rise  through  the 
•Boood  week.  This  is  especially  so  when  some  complication  is  thi-eaten- 
iiji  a  state  of  things  which  may  postpone  defervescence  indefinitely,  or 
iiihcr  in  a  fatal  excessive  fever  or  hyperpyrexia. 

On  the  other  hand,  in  adynamic  cases,  with  heart-faihire  and  pul- 
motuuy  o1>stmction,  tlie  range  of  temjwrature  may  be  moderate — not 
exceeding  103"  F. — or  irregular  with  "sjiiking"  readings;  or  the  fever 
nuy  1)6  continuous  \nihout  morning  remissions  ;  or  a  fall  of  tem]x*rature 
tnay  be  observed  with  a  rise  of  pulse-rate  without  any  general  improve- 
meoL 

Koscnstcin,  in  1S6S,  drew  attention  to  the  occurrence  in  not  a  few 
'Uts  of  marked  precritical  variations  in  the  tomperatiue  curve,  the 
final  Buhsidence  of  the  fever  being  prece*ied  by  a  period  lasting  two  or 
Uiree  days,  during  which  the  temperature  s^nngs  daily  through  many 
(ifigreetr,  low  morning  readings  being  succeeded  by  very  high  evening  ones. 
Curscbmann  mentions  such  a  ciwc  and  gives  the  chart.  The  patient,  an 
ippreoticc  agod  17,  {msscd  through  moderately  severe  typhus,  in  which 
^he  thermometer  ranged  through  many  degrees  from  morning  to  evening 
"^terthe  thirteenth  day,  the  final  critical  defervescence  being  j)ostponed 
^  Uie  seventeenth  and  eighteenth  days. 

Fjital  cMes  are  u.sually  accompanied  by  high  readings  of  the  thenno- 
m«;t<T  from  the  outset,  yet  even  in  these  cases  it  is  not  so  much  the 
ity  as  the  continuance  of  the   fever  which   determines   the   mortul 

It  Just  before  ilejith  and  in  the  death  agony  a  supreme  rine  uf  the 
J'Jennometer  is  a  constant  auti  ominous  phenomenon.  On  the  other 
"*t\d,  Curschmann  reports  a  case  in  which  a  terminal  tem]>eralurc  of 
f**^'"  C.  (91"4''  F.)  was  recorded.     The  patient,  an  intempcmtc  vagalwnd 

I  23,  succumbed  early  on  the  twelfth  day  of  his  fever. 

Jfebrilf    tyjthm    has   occasionally    been    observed.       Combemale    (4) 


548 


SysrEM  OF  A/£D/aA£ 


reported  a  case  in  which  tho  temperature  rose  tu  104"  F.  on  th 

day,  then  fell,  and  on  the  raorriing  of  ihe  sixMi  day  rtiwlied  92"tf' 
rectum.     The  palietit  died   next  day  with  a   tempcttttiire  of  97- 
socoud  patient  had  a  temperature  of  about  100'4'  only  at  the  1 
of  his  ilhiefis  ;    it  then  wink  t<i  between  06'S'  and  9d'ti',  rcnuU! 
until  the  ninth  day,  when  a  descent  to  91 '8'  took  place.     Then 
rise  to  008;  death  with  a  reading  of  959". 

A  {loisoninis  tniour  hangs  a1>out  tho  person  and  especially  th 
and  breath  of  the  typhus  patient  after  tho  first  week.  It  i* 
infectious.  With  Miirchifion  we  niay  B|>eak  of  it  as  a  Bmell  mii  i 
though  Oerhiirtl  a]iLly  described  it  as  "  pungent,  nmnioniocnl,  and 
Bive."  It  most  resembles  that  of  the  air  in  a  low,  damp  and  ove 
dorniitoiy  after  Hinne  tunn-s  of  closure.  It  i«  a  mU8ty  or  *'  i 
smell.  This  typhus  odour  ia  strongest  in  heavy,  damp  wcath 
where  ventilation  is  deficient — in  fact  it  should  not  be  pcrceptib 
wel1-rnana;;ed  typhus-fever  ward,  where  ilue  attention  is  paid  to  tli 
ventilation.  Curschmann  telU  ns  that,  whether  it  was  due  to  tfie  t 
ventilation  he  cannot  say,  he  never  noticed  any  sjiecific  exlu 
from  the  typhus  |>atients  in  the  iMoabit  laziiretto.  Suilamina)  or 
vesicles,  local  eruptions  of  hei'jjes,  ]>tuimn'c  sjKits  and  vibices  Mi 
dental  manifestations  (epipbenoniena)  on  the  skin  in  tvphusj 
convalescence  the  skin  commonly  peels  oti*  in  line  branny  scales  (i^ 
acooua  desquamation),  and  the  hair  usually  falls  off,  although  not 
great  an  extent  ua  in  small  pujc  Interference  with  the  nutrition 
skin  and  its  appendages  is  shewn  by  the  frequent  occiurenc* 
tmnsverse  white  band  and  an  atrophic  furrow  at  the  lunula  of  th» 
four  to  six  weeks  after  the  commencement  of  tho  fever.  Those 
gradually  advance  to  the  tip  of  the  uails  during  tho  five  or  six 
following  the  attack. 

Daily  exiimiitation  of  the  pulse,  heart,  and  huigs  should 
omitted  in  typhus.  TIic  circulation  especially  is  much  disturbed, 
pulse  is  at  lirst  full  but  soft  and  comptv^sible,  and  modemtely  (|uv 
(lOiS-120  l)eats  a  minute);  or  it  may  l>c  abnormally  slow,  down 
io,  and  even  30  beats — often  a  sign  of  debilit}'.  \\'hen  the  p&ti( 
up  his  pulse  becomes  quicker  and  less  full ;  in  the  second  week  it  i 
dicrotous  or  undidatory.  This  is  an  indication  of  very  low  arterial 
pressure ;  and  a  practical  bearing  of  the  observation  is  that  the 
patient  slumtd  never  lie  allowed  to  assume  a  sitting,  much  less  ii  stl 
posture. 

The  condition  tif  th^  hnri  is  profoundly  altered  in  this 
Wejikening  of  tho  hwirt  gcnendly  begins  about  the  fourth  or  fifl 
and  piLsses  off  after  the  tenth  day  in  cases  which  are  about  to  ( 
The  musctdar  tiasne  of  the  organ  is  softened  and  friable.  All  i 
pathologists  agree  in  attributing  this  change  to  cloudy  swollii 
grarudar  fatty  degeneration.  Those  who  maintain  that  the  ch 
inHanmiatory  sjjenk  of  the  disease  as  an  "acute  |>arenoliym:itoii 
carditis "   or     "  an    infective    myocarditiB."       Those    who    regai 
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cooditiDD  OS  merely  degenerative  give  to  it  the  names  of  **»cute 
parenchymalnus  <Je.i;eneratioii/' "alhuminous  ik-genemtion,"  or  "  felirile 
loftening  of  ihe  heart. '  In  it  ihu  hrfirt  is  S4)inet!mes  perceptiMy  diluted; 
tbti  myocanliiim  i«  of  a  dirty  greyish-red  or  greyishyellow  colour,  with 
occanioiud  extnivii-sjitions ;  its  coiisistenoe  is  soft  \  its  8iib»tfttice  is  lax, 
fifcbbyf  and  friable.  Thrombi  may  bo  found  in  the  ventricles.  Micro- 
Kflpioally  the  nuiscnUr  fibres  are  swollen,  their  strijition  is  more  or  less 
krt  and  replaced  by  gnimdes  (albuminous)  and  fatty  molecules  ;  occasion- 
illy  they  undergo  hyaline  degeneration  (Zenker).  Along  with  ilu-se 
evitlent'es  of  dej;eneration  there  are  found  certain  appearances  which 
iu^eat  regeneration — a  condition  certainly  established  in  favourable 
cues  of  typhus. 

Thia  acut«  parenchymatous  change  may  be  the  result  of  the  spe<'itic 
wtion  of  the  felirile  [KMaon,  of  the  aw.*om|»anyiiig  pyroxiji,  (tr  of  both,  on  the 
[■mtopUsui  (MitchL^ll  Bruce).  As  regards  tlic  symptoms,  cardiac  failure  is 
liiR  I hief  cvidouce  of  this  morbid  condition  of  the  myocardium.  We  are 
ludfiUeil  to  St4^ikes  for  a  full  clinical  account  of  this  febrile  weaken- 
ing of  the  ho/irt.  According  to  him  the  first  objective  symptom  is  a 
diminished  cardiac  impulse,  even  when  the  patient  lies  partly  nu  the  left 
side,  in  which  jHtsition  the  ajiex  of  the  heart  comes  into  contact  with  the 
chttt-wall.  The  im])ulse,  in  the  next  degree,  fails  altogether,  while 
tbe  firet  sound  becomes  fainter  or  less  loud.  (_>ccusionally  a  tenipo- 
nrj  Diui-mur  accomjuinioB  thiH  sound.  These  signs  are  miist  apjmrent 
tflwirds  the  left,  because  the  left  ventricle  is  most  affected.  In  the  thiril 
stage  wf  the  lesion  the  first  sound  disaj)pearg,  the  heart  being  heai-d  to 
beat  with  only  one,  and  that  the  second  .sound,  which  may  be  autuHlIy 
icoGDtiuiterl  from  increased  pres.sure  in   the  pulmonary  artery,  or  apjiear 

KnUiated  by  contrast.  In  a  yet  more  advanced  stage  of  cardiac 
[neae  botli  sounds  are  equally  diminished  in  loudness  ami  become 
Mjuitliitant,  while  the  heart  beats  with  great  rajtidity  (tachycardia). 
The  puUe-rat€  is  now  from  140  to  100  beats  jier  minute.  To  this 
stole  the  term  *'ftetal  heart"  has  been  applied,  because  in  Wa  weakness 
Aiid  from  its  quickness  at  the  expense  of  the  long  pause  it  resembles  the 
(K-iiTl-boat  of  the  foetus  in  utero.  This  condition  indicates  great  debility. 
The  last  stage  of  all  is  silence  of  the  hejut,  a  sign  of  impending  dissolu- 
^'f>n,  a  condition  which,  as  Stokes  observes,  is  almost  always  fatal. 

In  makitig  a  physical  examination  of  the  heart  allowance  must  })e 
*»dc  for  the  murtling  of  the  soiuids  under  the  inHuence  of  a  very 
nnsenlar  or  a  very  fat  chest-wall,  or  in  the  presence  of  loud  bronchial 
^^  and  rhonchi. 

Should  the  patient  recover,  the  physical  signs  alter  in  the  inverse 

'^'er.     C'oincidently  with  the  return  of  the  first  sound  the  pulse  shoidd 

'■*''  in  rate,  otherwise  the  prognosis  is  ba^l.     After  the  fever  the  }mlse 

9|^*Ti  fall.s  much  below  the  normal  itMc — even  as  low  as  thirty  beats  in 

^^  tuinute.     It  then  slowly  recovei-s  itself. 

,        In  typhus,  when  there  is  no  pnlmonarj'  complication  of  account,  and 
^^H  the  nervous  symptoms  are  not  pronounced,  the  normal  ratio  of  the 


reapiration  to  the  pulse — 1  to  4 — is  tnaintKinvd.     Thofi  u 
boats  per  minute  would  mean  thirty  respirations.     lu  gra^ 
ever,  certain  aiuwrmal  jtwdt^  of  rtsj'imtwn  may  mow  from  c«rebnil 
turbances,  independently  of  uny  pulmonary  disease.     In  such 
breathing  is  hurried,  sighing;,  irregtilar,  apasraodic  or  jerking, 
is  a  ittiotn  de  resjnrcr,  what  the  (lemians  call  LnflUnnitrr.     This  i 
larity  of  l>re;ithing,  independent  of  any  jiectond  affection,  Gniveg 
"corohral  respiration."     In  other  cases  the  breathing  is  irregular.  hl« 
iriji;  or  hissing,  wliile  the  m<jiith  is  kept  closed,  the  clieeks  pnffMni 
the  nostrils  dilate  with  ojiuh   expiration;    this  is  the  "nervous  or 
bral  respiration  "  of  Sir  Dominic  Corrigan.     A  third  variety  i*  the 
and  falling  breathing,  CAlled  "  Cheyne-SUjkes'  resfjinition." 

Hypostatic  congestion  very  often  takes  place  in  the  most  de  pel 
parts  of  the  lungs.     Its  causes  are — iinjwiired  innervation  (paresia  a 
pneuniogastric    nerves),    impaired    nutrition    of    the    blood-vessels, 
lessened  heart  power.     The  occurrence  of  this  serious   complicsti 
favoured   by   the  greatly   impaired   movement  of   the    chest -walls 
the  dorsal  decubitus,  in  which  the  patient  liea  on  i)ie  broad  of  bis 
Physical  examination  of  the  chest  day  by  day  affords  timcliefit 
of  the  stealthy  approach  of  this  perilotw   condition,  and   shouM 
Iw  Me;;leclfcd  in  typhus.     There  may  be  neither  cou^li  nor  expoctor 
but  the  rapid  laboured  hieathing  with  cj'anosis  duo  to  defective  Ml 
of  the  blo<»d  should  draw  the  attention  of  the  physician  to  the  pal 
danger  fi-otn  semUK  oKlenia  of  the  lungs.     The  physical  signs  tu 
those  of  a  widespread  bronchial  catarrh. 

The   IfToath   of  a  typhus   patient  is  off'cnsive,   heavy  and  ptmgi 
often  ammoniacal.      Its  smell   has  been  likened  to  that  of  yeast     1 
al>solute  <nnintity  of  carbonic  dioxide  in  the  lungs  is  increased, 
proportion  of  this  gaa  in  the  expired  air  is  considerably  below  the 
amount.     This  anomalous  result,  arrivetl  at  by  Pr.  A.  Malcolm  of 
in  1S43,  is  explained  by  Viei-ordt's  observation  that,  even  in  heal 
pro|)ortion  of  cjirbotiic  acid  in  the  expired  air  diminishes  us  the  respi 
become  (piicker. 

Bronchial  uiUurh  Mx&y  usher  in,  accompany,  or  succeed  an  at 
typhus.      It  is  a  dangerous  complication,  paiticularly  in  winter — fl 
because  it  is  almost  certain  to  be  associated  with  more  or  less  by 
consolidation  iu  the  lungs  ;  secondly,  because  the  bronchial  secroi 
likely  to  accumulate  in  the  tubes  and  asphyxiate   the  patient 
sequence   of  his  iiuihility  to  cough,  coupled  with  the  inijiaircKl  n 
and  paralysis  of  the  muscular  fibres  of  the  bronchi.     Pueumoi 
rare  complication  or  8e({uet  uf  typhus.       It  may  be  distinguish 
hypOHtatic  congestion  (with  which,  however,  it  is  sometimes 
by  the  unilateral  dulness,  and   by   the    presence  of   tubular 
and  rusty  sputa.      PulnionHiy  gangrene  is  a  rare  but   fatal   cnmpi 
which  is  apt  to  occur  in  very  destitute  paticrit«.      It  may  bo  of 
oi-igin,   seeondjiry  to  extensive   bed-soi-es  over  the  sacrum,  as 
observed  by  Murchison.     Lastly,  it  may  result  from  aspiration  of 


br< 


TYPHUS  FE  VER 


in    Uryngeul    perichoridritis    (CurBchmann).      Pleurisy,    with 

Mt  effiiwon,  is  a  rare  and   may  T>c  »  laf«nt  complication.      Tuher- 

-  >A  the  lung  nlso  is  an  infrequent  sequel  of  typhus,  although  it  is 
br  no  meatiH  uncumnion  after  enteric  fever. 

A*  rei^Ards  thf  ttrhutty  sifM^.m^  the  amount  of  mine  is  much  diminished 
al  first,  wiicn  it  is  acid,  dark  coloured  from  typhous  diesolution  of  the 
Wooil,  and  of  high  density  (1024-103*)).  Urea  is  increase<l  in  quantity 
it  ihe  outset,  hut  afterwards  falls  bflow  normal,  on  account  of  low  diet 
ami  imperfect  idimination.  Alhiiminuna  is  often  present,  Init  this  does 
not  necesscirily  imply  renal  disevise ;  for  in  excessive  hIo(j<l  changes  such 
s« occur  in  had  ivphns  the  hlood-senim  may  find  its  way  into  the  urine. 
Frcmi  experiments  undertaken  by  H.  Lorenz  it  seems  probable  that  the 
illiamiiniria  of  fever  defw^nds  directly  on  certain  histological  changes  in 
the  renal  epithelium.  Acetone  may  be  present  in  variable  proiwrtion, 
ami  in  children  diacetic  acid  and  also  ^i-oxybutyric  acid  (von  Jakscli). 
rhacetnrirt  in  children  is  not  an  unfavourable  indication,  but  iti  adults 
it  is  a  grave  sign,  and  is  not  infrequently  followed  by  fatal  coma  in 
fever  M  well  as  in  dial>etes  mcllitus.  Uric  acid  is  usually  increased,  and 
both  Frerichs  and  Murchison  detected  leuciii  and  tyrosin  in  the  urine 
oftypJiRc,  Chlorides  gradually  lessen  in  amount  from  the  fii*st.  Towards 
tbc  cl(«e  of  the  fever  there  may  he  diuresis— a  recognised  mode  of 
crisis— witli  a  copious  precipitation  of  ni-ates.  General  convulsions  are 
tn(ist  (langerous  in  t^'phus;  they  occur  in  about  one  per  cent  of  the 
CAScisand  with  rare  exceptions  are  of  unemic  origin.  In  most  of  these 
eaaes  there  is  albumitnn-ia,  with  scanty  or  suppressed  excretion.  Kidney 
disease  is  often  present  or  there  may  l>e  a  history  of  intemperance. 
Unptnic  convulsions  do  not  usually  appear  before  the  middle  or  end  of 
tlie  8ocond  week.  Murchiwm  took  notes  of  BJxtynino  crises  of  convul- 
oonsin  EyphuB.  Of  these,  sixty -one  were  fatal,  and  oidy  eight  rocovcrod. 
Octtrionally  simple  retention  of  urine  determines  an  attack  of  opileptoid 
Mnmlsions,  in  which  case  judicious  treatment  may  atl'ord  immeiliate 
relitjf.  The  catheter  should  be  passed,  as  recommended  by  Stokes,  after 
•1  ftw  wbifis  of  chloroform  cuutionsly  given,  if  this  be  necessfiry. 

Convulsions  are  commonly  jireccdcd  liy  drowainess  or  delirium, 
ion  has  more  than  once  liecn  made  to  the  important  part  played 
M<  HcitX'Ug  sifiifrm  in  the  symptomalolog)- of  typhus.  Frontal  heiul- 
»fh«  is  an  early  and  constant  symptom.  It  is  a  dull,  R''hing,  heavy  jjain 
"-rarely  acute,  darting,  stabbing,  throbbing,  or  bursting.  It  is  the  most 
cli^racteristic  nervous  symptom  during  the  first  week,  when,  however, 
)go  iind  rheumatoid  jmins  in  the  back  ami  limbs  may  also  bo  trouble- 
e.  Other  sensory  disturbances  are  the  occaBional  occuri'ence  of  8e\ere 
''Ptaralgic  pains  in  certnin  nerve-tractj*  during  defervescence  fCnrsclimann). 
'^n^fithefiia  of  the  same  areas  may  appear,  lasting  long  after  rocover_v. 
Y^rRchnionn  has  known  antestheaia  of  an  area  on  the  thigh  as  large  as 
*''^  iwim  of  the  hand  to  persist  for  thr«e  months  after  recover)',  and  a 
*'ynilar  one  in  the  distribution  of  the  ulnar  nerve  to  last  for  two  months 
''  recoven*. 
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Mental  confusion  or  actual  delirium  takes  the  place  of  h< 
towrtrda  the  close  of  rhe  firat  wook  ;  henco  lyphus  hiia  often  been 
'* lirain-fever."  TIib  mind  beeoiiies  blunted  and  dull,  memory  U^ue*,; 
cerebration  is  slow  and  defective;  in  this  stato  the  Krm  "ivjihu** 
becomes  singularly  appropriate.  The  delirium  varies  in  chai-acUr,  m  bu 
been  already  slated.  Of  the  three  tyjies — tyi>hoiiinMia,  delii-iuin  tremeiH. 
delirium  fcrox  —  the  drst  is  the  most  common,  the  laat  is  tht*  Itut 
common.  "The  mental  stjite  of  the  delirious  typhus  patienu"  wmte 
Murchison,  "is  peculiar,  and  well  worthy  the  study  «»f  the  nieiAphysicun. 
As  ft  ride  the  memory  is  first  and  most  affected  ;  judgment  and  (wwcr  rf 
connected  reusontng  often  remain  aft«r  the  memory  has  entirely  gone. 
The  mind  may  lalMur  unilor  the  strangest  delusions,  and  often  ii  appftin 
to  revolve  obstinately  around  some  fixed  idea.  The  patienta  rave  about 
objects  which  have  greatly  enj^^ixtssed  their  attention,  cither  imincdiatfir 
prcccfliuj;  the  attack,  or  years  before,  and  which  are  now  jumble*)  wiiii 
persons,  scenes,  and  events  with  which  they  have  had  no  eonneclioa" 
One  of  Curschmann's  [>atienUi,  a  hiwyer,  of  a  naturally  vivacious  liisjxitt- 
tion,  exhibited  during  the  fever  eo  violent  an  antipathy  towards  his  mile 
attendant  that  the  man's  life  was  in  danger.  After  his  recovery  U» 
p:ttient  rememlxired  (Ustinctly  the  details  of  the  terrifying  appairitkin 
which  had  so  strangely  excited  him  in  his  ilhiess.  To  this  di^ifnlerod 
imagination  the  man  sometimes  apjieared  to  have  enormously  long  anO 
or  legH,  Honietinies  lie  seemed  to  inflate  himself  to  frightful  pro|K>rtioD* 
or  sal  without  any  head  by  his  bedside.  The  apiwirition  was  so  appaltin 
at  one  time  us  to  induce  him  to  attack  the  nionsLer  with  a  knife,  as  lb 
patient  himsulf  afterwanls  rememliere<l. 

Wakefulness  is  a  common  symptom  in  early  typhus.  It  is  apt  to  fc 
followed  by  extreme  nervous  agiUition  arirl  prostration,  or  by  eomnolciW 
deepening  into  com])leto  coma  and  tcnniuating  in  death. 

VatioMs  thuHrular  jMtrali/stfs  are  observed  in  the  course  of  the  f«ffe) 
Paralysis  of  the  neck  of  the  blmlder,  coming  on  about  the  tenth  fl 
eleventh  day,  loads  to  involuntary  dribbling  of  urine  ;  paralysis  of  til 
sphincter  ani,  to  incontinence  of  fa^cCH.  The  coats  of  the  bladder  ma 
lose  their  power  from  overdistension,  cuisirig  relention  of  urine,  an 
incontinence  and  retention  may  even  co-exist.  Moteoriam  is  due  i 
paresis  of  the  walls  of  the  intestinpis.  The  orbicularcs  palpebrarum  ma 
lose  their  power,  so  that  the  patient  cannot  close  his  eyelids,  and  keratit 
and  even  sloughing  of  the  cornea  are  induced  from  exposure.  Aphonii 
inability  to  protrude  the  tongue,  and  dysj»hagia  arc  other  example*  i 
paralyses  inducerl  l>y  typhus — the  last-named  Iwing  tiie  worst  of  all,  an 
usually  the  forcnmner  of  death. 

Muscular  agiUition  indicates  great  |>ro8tration,  and  is  of  grave  impOT 
It  is  ol>served  in  patients  who  are  old  and  infirm,  or  intemiHrate,  u 
brain-workers.  Its  forms  are:  tremulousncss  of  the  hands,  tonguo,  « 
whole  body:  rapid  oscillatorj'  mo^'oments  of  the  eyeballs  ( nyBtagninf  I 
choreiform  movetnents  of  the  extremities  ;  choreic  convulsions  ;  twitcbin 
of  the  tendons  of  the  wrist  (subsultus  tendinum)  and  of  the  fai-ial  musclei 
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eking  at  nr  furiibliiij:  with  the  bed-clothes  (floccitatio  or  tarphology) ; 
iivl  obstinate  hiccup  (aingriltiis). 

Musculnr  ngiility  is  much  rarer  than  mtiscular  agitation,  although 
nally  nnfavoiinihie ;  the  fingers  may  Vte  clenched,  or  the  fore.iiTna 
i«wl.  Thore  may  be  tonic  sjuiftms  of  certain  nuisclea,  or  even  trismus 
fir  Ktmbiemus.  Well-marked  opisthotonos,  with  the  head  bent  back  and 
the  limbs  ri*.nd,  was  once  observed  by  MurchiBnn  and  once  by  FVn*y — 
butli  ca.ses  proved  fatal.      Of  general  convulsions  I  have  alrcjidy  spoken. 

The  vrgunn  of  fj/ctinl  .s-r/uv  sutler  in  ])rop(jrtion  to  the  severity  of  the 
fever.  The  sufJuseil  conjuncliv.'P  an<l  contracted  pupils— *' pin-hole 
pu]ii[s"  of  Oraves — constitute  '*the  f«rret  eyes"  of  tyi>hus.  In  coma 
th«  pupils  dilate  and  become  insensible  to  light,  with  B(|uinting.  In- 
e<)iuility  of  the  pupils  hjia  frciuently  been  olm^rved  by  Dr.  t  'nyley,  wliu 
regards  the  phenomenon  as  without  prognostic  significance.  Photophobia 
it  sometimes  noticed.  Tinnitus  aurium  and  noises  in  the  hea4l  arc  often 
JiTMcnt  at  the  beginning  and  close  of  the  fever.  r)eafnes.s  ia  coninioidy 
•IwrTed ;  if  bilateral,  it  is  probably  part  of  the  general  anpestbesia  of 
the  fever,  or  it  may  be  due  t«  typhous  softening  of  the  intiinwc  muEcles 
of  the  ear  (Stokes),  or  to  awellins  of  the  mucous  membrane  lining  the 
£u8Uichian  tubes,  or  otitis  may  cause  it.  This  last  may  pi-oceed  from 
catarrh  of  the  t}Tniwirium  ;  it  may  assume  the  fonn  of  a  puruh'nt  otitis 
OMwlia,  leading  to  j>erforation  of  the  nienibnma  tym]>ani,  infianmintion  of 
'he  labyrinth,  or  pundent  infiltration  of  the  mastoid  cells,  re<puring 
surjriail  treatment  if  wo  wotUd  save  the  jjatient  from  thrombo.'^iM  and 
ixHammation  of  the  cerebral  sinuses  and  metastatic  or  septic  pneumonia, 
i'^tolerance  of  sound  is  a  distinctly  }j«d  sign.  The  senses  of  smell  and 
^*«(«are  oft^?n  btuntud  nr  obliterated.  KpisUixis  is  very  rare  in  typhus. 
The  s(*nHibility  of  the  «kin  is  usually  IpMcned  (hypiiyithesia),  impaired 
(panMthesia),  or  entirely  U»st  (ana'sthosia) ;  hypLTa-sthosia  is  occasionally 
obcorved.  So  far  no  instances  have  been  recorde<l  in  which  typhus  has 
™^*n  followed  by  that  linear  atrophy  nf  the  skin,  with  or  without  hyper- 
*«the*ia  of  adjacent  piu'ts,  which  is  a  rare  sequel  of  enteric  fever,  and 
which  has  been  described  by  Sir  Dyce  Duckworth,  Sir  S.  M'ilks,  Dr. 
Shepherd  of  Montroil,  Dr.  T.  K.  Rradt^haw  of  Liveqiool.  and  several 
^^Jntinental  observers. 

The  chief  determining  causes  of  the  complications  which  modify 
^he  course  of  typhus  more  or  less  unfavourably  are — (i.)  The  weakened 
*'^te  of  the  licart ;  (ii.)  the  impure  state  of  the  blood  ;  (jii.)  constitutional 
Peculiarities  and  family  idiosyncrasies;  and  (iv.)  the  so-called  "epidemic 
*^'»stitution "  at  a  given  tinu'  or  i)ljuf — that  is,  the  special  characters  of 
^'ia  |,revailing  epidemic. 

The  complications  which  affect  the  itypiRvtory  organs  are— ^i.)  l/trtfn- 
^ff^y  infrequent  but  rlangerous,  catanhal  or  membranous  in  character,  or 
*aewing  itself  -is  acute  oedema  of  the  glottis,  and  giving  to  this  fever  the 
**^T»»e  of  laryngotyphuri  fUokitansky) — paichtmilritia  htryrujen  in  not  a  few 
^^^'^^s  affects  one  of  the  arytiipnoid  cirtilages,  which  may  idccrato  or  bo- 
^^'^^^^e  separated  from  its  attJichments  (necrosis) ;  in  one  caae,  observed  by 
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Cui'schmnmi,  detachmunt  took  place  and  the  cartilage  was  expelled  w'mq 
the  patient  coughed  ;  (ii.)  fironthitis,  a  very  common  and  dangerous  ana- 
plication  or  sequel  ;  hence  the  names  "Catarrhal  typhna  '  (Irifth  writm;, 
*' BronchotyphuH  "  and  "Pncumotyphua  "  (Kokicaii&ky) ;  iiJi)  HjffMk 
coHf/eslion  of  the  lungs,  already  described  :  (iv.)  True  pngmvmia  {t 
p.  550) ;  (v.)  Gangrfur  of  the  luiuj  {tide  p.  550)  ;  (vi.)  yimristf,  mrt 
latent,  hut  with  purulent  clTusion  from  the  outset;  (rii.)  Tvhai 
the  lungs,  a  rare  se<piel ;  and  (viii.)  HctimpiifniSy  exceptional,  and 
either  from  tubercxilosis,  pulmonary  apoplexy,  or  from  acute  ha?i 
(Murchison). 

A«  to  the  Mood  and  circulatory  organs,  typhus,  like  «mall-pox,  xu:^ 
so  devitalise  and  dctibrinate    the  bloiHl   oa  to   establish — (i.)   an 
hnttiophilia^  the  {xitionts  becoming  "bleeders"  from  "typhotis  iHi 
of  the  bloo<l/'  or  from  bacterial  thrombosis  as  alreadj'  explained.     Hi 
the  formation  of  pui-puric  Bp4>ta  and  vibicee,  and  the  occurrence  of 
ataxis,  haemoptysis,  huematomesis,  melmna,  mcnorrhagia,  ha^maturia, 
other  hafinorrhagea.     (ii.)  7'*/'?*"'^,  with  pundont  dei^osiU  in  tho  )oil 
is  a  rare  and  fatal  complicaLion   at  the  time  of  crisis  or  later.    Il 
signalised    by    repeated    rigoi^,    unstable    spiking    temperature   nt 
extreme  prostration,  heart-failim),  jaundice,  and  profuse  sweating 
fmous  tkroiabosisy  an  occasional  sequel,  eau»ing  pldegmasia  \i\\>ii  dolei 
"white  leg."     This  condition  may  also  result  from  obstructioo  of 
lymph -charukeU   or   inflammalion   of    the   subcutaneous   areolar 
(difl'use  cellulitis),     (iv.)   Arinial  ihramboniii  and  nnhoiixm  aro  oecMiC 
but  serious  complications  or  sequels.    They  cause  local  gangrene,  cancm**^ 
oriii,  necrosis  of  liune,  abscess  or  gangrene  of  the  liuigs,  and  splenic  inf 
tions.      Lastly,  in  the  heai't  itself  (v.)  an  acuJr  t^mnular  (iLtintff/rttlum 
muscular  fmiit  often  takes  place,  constituting  a  dangerous  lesion,  esp 
in  advancing  life  ;  but  pericarditis  and  cndocanlitis  are  extremely  rare. 

Profound  though  the  influence  of  the  poison  of  typhua  is  upon  the 
nervous  system,  yet  tangible  piithological  changes  and  complicat 
connected  with  that  system  are  infrequent.  The  cerebral  Byraptot 
this  fever  are  usually,  perhaps  almost  invariably,  itidependent  of  inl 
mation  of  tlie  brain  or  ita  membranes.  Nevertheless,  mrniru/iltf^  alth< 
rare,  is  met  with  in  typhus,  of  which  disease  also  trmjfmiff  futuUy  ami 
vuniut  are  infrequent  and  very  sad  sequels.  Happily  recovery  generallj 
follows  at  list,  usually  in  two  or  three  months.  As  to  meningitis 
Hampeln  refwrts  4  cases  of  purulent  meningitis  out  of  a  total  of  72( 
patients  in  an  epidemic  at  Riga.  I*arnlf/sis  ia  a  rare  sequel.  I 
commonly  assumes  the  form  of  hemiplegia,  but  may  occur  as  paraplcpj 
or  as  gencml  fiaralysis  (It.  Kennedy).  Hemiplegia  may  I^  Ciiu»cil  bi 
cerebral  hiemorrhage,  embolism,  or  thrombosis.  Hampeln  haa  deaoibtt 
one  case  of  ihritmlxwis  of  the  left  middle  cerebral  artery.  J*i 
Keuritii  may  be  the  serious  cause  in  some  instances  of  the  muscular 
which  sometimes  occasion  mucli  distress  iu  convalescence,  and 
protract  recovery.  The  knee-jerk  or  "  patidlar  reflex "  is  somet 
exaggerated  ;  and  ankle-clomis  is  sometimes  found  in  convale$ctinee. 
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I^oiu  of  the  digestive  tract  are  not  coramon  in  typhua.  Eri/sipflas 
of  the  jthfirifvj  may  cause  dyspliagin  or  cedema  of  the  glottis,  nmi  so 
cniUnger  life.  Ha-jnnl^mi'sU  and  inirstinal  hirmorrharfe  iil*e  rare  bnt  fatal 
cotQphca lions  :  they  re«ult  in  the  graver  cases  of  tyjihufi  from  the  Htjiielied 
lUte  of  the  blood.  Ciirachmann  mentions  the  case  of  a  young  man 
trpatKl  in  the  Mnabit  Hospital,  Berlin,  in  1879,  who  had  a  profuse 
mu'5tinal  hiemoiThage  on  the  ninth  day  of  a  severe  attack  of  typhus — 
»t  the  autopsy  the  source  of  the  bleeding  was  found  in  u  duo<lenal  ulcer 
which  was  eviilently  of  long  standing.  IHnnbmi  and  dt/itmirri/  are  occa- 
lioruilly  mot  with- — the  latter  cornpliration  in  catitps  and  hiog<!s.  Jauuilict. 
i* mfre<pient>  but  fatal:  of  fifteen  instances  observed  by  Murcbison,  the 
jiambce  was  due  to  consocutive  congestion  of  the  liver  in  three  cases,  to 
gutroduodenal  catarrh  in  one  cose,  and  to  some  abnormal  state  of  the 
liwxl  in  the  remaining  eleven  cases,  of  which  nine  proved  fatal,  rerifmiifis 
i»  alraiMst  unknown  as  a  coiuplication  of  typhus ;  in  ttro  cjises  seen  by 
Hiiithison  the  causes  were,  respectively,  the  bursting  of  a  softened 
tmliolic  infarct  in  the  spleen  and  tuberculosis  of  the  peritoneum. 

In  connexion  with  the  urinary  organs  nephrttix  is  a  dangerous  com- 
plication, often  inducing  fatal  uriemic  convulsions.  CystiHs  may  result 
during  convalescence  from  retention  of  urine  and  over-distension.  Both 
of  these  affections  may  be  accomjwnied  by  hivmatun'a,  which  may  also 
'U'isc  trom  acute  haemolysis.  Curschmann  saw  a  single  ease  of  unilateral 
orx-'hilis  in  a  young  man  shortly  before  the  crisis ;  it  lasted  ten  days  and 
Winded  unthout  going  on  to  suppuratioiL  He  observed  that  most 
^^iters  do  not  even  mention  orchitis  as  a  complication  of  typhus. 

The  integuments  and  bones  may  suffer  severely,  as  in  enteric  fever. 
tied-snres  are  favoured  by  impaire<l  innervation,  but  arise  directly  from 
pre»nre,  early  neglect,  and  want  of  skilled  nursing.  SjmnfanrmiA  (fav- 
.Trrw,  intlejwndently  of  pressure,  is  probably  brought  about  by  arterial 
thrombosis;  it  atfects  the  tues  and  feet,  the  nose,  pcnit*,  scrotum,  and 
female  pudenda.  It  occurs  in  l>adl3*-fed  patients,  and  is  ushered  iu  by 
Bovere  shooting  pains,  numbness,  coldness,  and  lividity.  Gungrfnous 
KtnnnitiiU  (noma,  or  cancruni  uris)  is  a  destructive  and  fatal  variety  of 
gsMigrcne,  which  attacks  the  check,  mouth,  ton*;ue,  and  face  of  delicate, 
"■dly-fed  children  towards  the  close  of  the  fever.  **  Jiosjnial  (jinttptfte  " 
Attacks  wounds  and  abrmletl  or  ulcerated  suHaces  in  persons  under 
'oe  influence  of  tyjihus.  It  is  identical  with  or  closely  allied  to  acute 
SiOUohitig  phagediena.  Owing  to  improved  hygiene  these  septic  com- 
P'lottions  of  typhus  have  now  only  a  historic  interest.  Injlamvutioty 
^^^i/ino.K  or  hubnex  are  not  infrequent  at  or  after  the  crisis,  especially  in  the 


suppurating ;  they  are  a  formidable 


^^'^'Xitid  anil  submaxillary  regions.    These  bulwnic  swellings  may  terminate 
■"    I^undent  abscess,  or  recede  without  suppurating  ;  thev  : 
^****iplic.'ition  in  the  former  case. 

l,aslly,  typhus  fever  may  lie  coniplicjited  by  the  co^existence  or  close 
'*^*4cnce  of  such  other  specific  diseases  as  snmlbpox,  scarlatina,  diphtheria, 
-V'wipelfts,  and  enteric  fever. 

The  following,  among  many  other  varieties  of  this  fever,  have  been 
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<]cscribe(l : — (i,)  InHnmrnntorv  typhus,  characterised  by  much  febnle  ^ 
nctioii  in  the  young  and  rolmst,  ami  in  patients  nf  the  iipp«r  cUm:  (lit 
Nervous  or  ataxic  typhus  ("bniiu  fever"),  in  which  nervous  6yinp(aiw 
prtxJominutc  and  the  raj^h  is  copious,  dark,  and  potochial ;  (iii.)  AdnuaiK 
typhus,  accompaniod  hy  great  muscular  and  cardiac  prostrAiion,  t!iv<.!i.ii 
tary  evacuations,  and  a  tendency  to  collapse  ;  (iv.)  At^ixo  adynanii- 
— congestive  typhus— by  far  the  most  common  variety;  (v.)  'i>jiiii> 
sidenms,  or  "bliisting  typhus, '  very  iu!ute  ;ind  most  fjital :  (vi.)  Tvi'hut 
levissimua,  or  "mild  t^iihus";  (vii.)  Abortive  typhus  in  the  'Wy/i/(i»»/*.<» 
A  •w////  rf(w"  of  Jftcquot^  in  which  eymptoms  wear  in  per-ions  expowi  w 
infection  without  developing  into  actual  typhus ;  (viii.)  C«lArrhAl  lyphius 
Ah  Irish  Ji]i{>Qllation  for  the  disease,  because  it  is  so  often  cnmplictitnl 
with  hrotichial  catarrh.  For  this  reason  also  Kokitansky  devi-w!  ihr 
niimea  *M>r(>iifhotyphua  "  and  "  pncnmotyphus.' 

Diagnosis. — Thf  rash  is  patliognomonic.  Before  it  appear*  we  hmf 
grounds  for  a  differential  tliagnosis  in  a  history  of  exposure  i"  »!»' 
infection  of  typhus,  and  of  such  symptoms  alter  exposure  a«  rheumaldiii 
pains,  beadaclie,  and  early  prostration.  It  may  be  necessary  to  tlirtir^ 
guish  typhus  from  the  follotring  diseases  or  djseased  condiLiona,  or  tioc 
versa : — 

1.  Spirillum  fever  (relaj>aing  fe\*er  (rirfe  vol.  i.  pp.  1186.  1188)).— Ir 
forming  an  opinion  regard  shcnild  be  judd  to  the  nature  of  other  cr»»:«  <* 
fever  in  the  sfime  house  or  family.  In  rclajising  fever  there  is  no  msl* 
while  opistaxis,  jaundice,  vomiting,  and  cardiac  murmur  are  commo 
phenomena.  The  febrile  attack  terminates  by  a  critical  ilefervMccn* 
aftor  five  or  seven  Hays.  This  is  followetl  by  a  reniififiion  bisting  sefea  O 
eight  days,  and  by  a  relapse  on  or  about  the  fourteenth  day,  ht^tiug  siito 
three  days.  This  fever  prevails  epi<lemically,  for  the  mriat  jwirt  <hirinj 
seasons  of  scarcity  and  famine.  The  spirilhim  is  to  be  found  by  \\yyx<s 
priate  means.     [Cf.  "Spotted  Fever"  in  vol.  on  Tropical  Ih'.seases.] 

2.  Kriteric  or  typhoid  fever,  in  contrast  to  typhus,  begins  insidioiisly 
is  often  accom{miiie<l  by  diarrh<e!a,  liLsta  at  least  ten  days  longer  (twrntv 
four  comparixl  with  fourteen  tlays),  terminates  by  lysis,  has  an  tmcha-ngt 
altio  eruption — if  any — of  circular,  lenticular  rose-sjwta,  which  never  b< 
come  |>et*chial,  and  which   fade  after  death.      In  haemorrhitgic    i 

it  is  true,  petechire  may  appear.  Kntcric  fever  also  is  charact«M 
general  hy  a  clear  complexion,  bright  eyes,  dilated  pupil&,  eompnmtiriU; 
moderate  prostmtion  ;  ttMiderness  of  the  abdomen,  tympanilca,  finrijt>uitli 
rnifntf  or  gurgling  in  the  ileo-ciecal  region  ;  early  epist^ixis  also  is  eonimoi 
and  the  pathological  changes  are  specific,  being  found  chiefly  in  the  la* 
few  inches  of  the  ileum  and  alraut  the  ileo-ciecal  valve  as  well  as  in  ifa 
mesenteric  glands  and  the  spleetL  Bacteriological  exaTuinaiion  will  rcvt* 
the  pre.<4ence  of  Kl}erth*s  bacillus  in  the  excretions,  and  the  agglutina^ 
test  will  establish  the  diagnosis  of  enteric  fever. 

3.  Tropical  remittent  fever  (jungle  fever)  is  a  par-asitic  disease, 
by  protozoa  (Lavoran)  in  the  blood.     It  arises  independently  of  ovei 
crowding,  prevails  in  tropical  climates  and  in  warm  and  rainy  seuoni 
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le  splocn  is  much  eiibirged,  and  quinine  often  acts  gpeciticitlly.    PetechiiB 
IfDrtV  no  Joubl  be  present,  but  the  macular  rasb  of  tvplins  is  wantingr. 

4.  Purpura  is  non-couUgious,  and,  as  a  mle,  upyrexial.  It  is  un- 
Mcompanied  by  cerebnd  symptoms,  but  is  attended  with  ha^morrhitges 
from  the  mucous  membranes.  The  spots  arc  larger  than  the  petechiiu  of 
tyi^us. 

5.  Measles  pre^scnta  a  characteristic  history  and  epidemic  prevalence. 
Ilia  further  distinguished  by  its  pmdromal  catan*hal  s\niptoms,  the 
lirighter.tint  and  greater  abundance  of  its  rash,  the  fre<(Uent  presence  of 
flian'hn'a,  and  its  early  defervescence.  Its  victims  are  iisiudly  children, 
who  enjoy  a  comi>arative  immunity  from  typhus. 

6.  The  initial  syntptoms  of  small-pox  closely  resemble  the  onset  of 
tTi^na.  The  backache  of  small-pox  is  of  some  slight  value  in  diagtuwis, 
Uita  more  important  diagnostic  is  the  early  appearance  of  a  saulaiinal 
rati  on  the  thiglis  and  arms,  which  strongly  points  to  small-pox.  In 
ibit  distea-se  also  the  true  rash  first  shows  on  the  face,  a  part  which 
Mcapes  in  typhus. 

7.  In  inriainmation  of  the  bmin  (cerebntis  or  encephalitis)  or  its 
nemhranes  (meningitis)  there  is  eju-ly  delirium  with  excruciating  head- 
at'ht.  The  senses  are  morbidly  acute.  The  pulse  is  bounding.  There 
'*  no  raah  like  that  of  typhn«.  In  meningitis  loud  cries  or  ftcreams  {en 
i^f^ntl)  occur,  also  strabismus,  [(trjais,  opisthotonos,  and  partial  jialsy. 
T'here  is  extreme  iutolerauco  of  light  (photuphnliia)  and  of  sound.  Nausea 
*fid  vomiting  are  common.  A  sign  of  dubious  vahie  is  the  ]>ersistence 
t»f   a  red  streak  ti|)on   the   skin  after  pressure  bv  the  finger-nail  (Utchr. 

K.  The  delirium  tremens  of  the  drunkard  sets  in  with  sleeplessness 
»n<i  delirium,  without  shivering,  hcjidache,  or  j>aina  in  the  limbs.  The 
tongue  is  moist  and  coated  with  a  creamy  fur,  the  akin  is  damp  and  cooL 
I'hcfc  is  no  eruption,  and  the  temperature  is  not  high. 

!).  Asthenic  or  typlioid  pnenmonia  is  distinguished,  at  any  rate  filter 
the  first  day  or  two,  by  the  presence  of  physical  signs  in  the  lung  and 
the  alisence  of  eruption. 

10.  Ura'mia  chieHy  occurs  in  chronic  interstitial  nephritis  in  middle  or 
^ntnccd  life,  especially  in  gouty  snbjects  or  persons  suffering  from  chronic 
leail  poisoning,  and  the  temjjeraturo  is  normal  or  subnormal.  This  htst 
o*^Umatance  Murchison  wdls  **the  grand  |K>iiit  of  distinction."  FinaUy^ 
^tboogh  the  "  typhoid  state "  may  be  fully  developed  in  uriemia,  the 
^>Tphus  rush  is,  of  course,  wanting  ;  other  nwhes,  however,  may  occur  in 
urji-miii  (in. 

Prognosis. — The  unfavourable  signs  in  a  given  case  of  typhus  are — 
^»  3*  presentiment  of  death,  often  entertained  by  physicians  when  ill  of 
typhus;  2,  a  soft  and  comjirossible  pulse,  in  rate  above  120  in  an 
*"««tll ;  3,  absence  of  cardiac  impulse,  and  lessened  or  inaudible  first  sound 
^f  the  heart ;  4,  hurrie<l  respiraUouH,  |»arlicularly  if  no  pulmonary  lesion 
•sxitst.  to  explain  this  symptom  ;  ">,  sleeplessness  and  delirium  ;  6,  com- 
plete coma-\igil  of  Sir  William  .lenner ;  7,  the  presence  of  the  piu-hole 
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pupil  of  Graves;  8,  great  prostration;  9,  convulsions;  10,  miiwik 
tnmiors  and  hic»:up ;  11,  relaxation  of  the  sphincter*  before  the  mth 
day;  12,  tympanites  or  mcteorism  ;  13,  lividity  of  the  face  and  sutin 
genenilly  ;  14,  abundance  and  darkness  of  the  rash  ;  l.*),  pereiBtent  hif^ 
temjwrature  ;  1 6,  profuse  sweating  aft^r  the  tenth  or  twelfth  day  ;  IT,  tfat 
presence  of  any  serious  complication  -,  1 S,  a  general  ha>morrhagic  t«ndaief 
or  acute  hajraopliilia  ('*  Faulfielwr"). 

When   death  docs  take  place  it  results  from   asthenia,  with   heaiv 
failure  ;  or  from  ataxia,  nervous  t^^ymptoms  deepening  into  coma;  ur&^| 
some  intercurrent  eomplicatiun  or  sequel.  ™ 

Mortality.— Tbo  death-rate  from  typhus  among   the  eommanity  xt 
large  jirobabty  does  not  exceed  10  per  cent  of  those  atuicked.     Hospiul 
statistics  shew  a  liigher  rate.     At  the  London  Fever  Hospital,  in  twenir- 
three  yejirs  ended    KS70,  the  death-rate  was  1802  per  cent     At  Cofk 
Street  Fever   Hospital,  Dublin,  in   the   last  epiileniic,  that  of  tlie  j'eui 
1S80-82,  the  death-rate  was   I0'5  per  cent.      As  in  the  case  of  otl»r 
epidemic  diseases,  the  mortality  is  greater  immediately  aftor  the  outbretli 
than  in  the  later  periods.     During  the  twenty  yeJirs  endcfl  March  M, 
1891,  2S95  cases  of  typhus  were  admitted  to  Cork  Street  Fever  Himpiul, 
Dublin.     Of  these,  363  proved  fatal,  the  death  rate  being  126  per  (.tmU 
or  nearly  I  in  8      Age  influences  the  faudity  of  typhus  in  a  most  tenurkr 
able  way.      At  the  London  Fever    Hospital,  among    18,138  caaei,  ibt 
mortality  durinj;  the  first  five  years  of  life  was  6'69  percent;  in  U* 
second  bistrnm  it  fell  to  3*59;  between  10  and  15  it  was  only  2'2H  prf 
cent;  Iwtwecn   1"^  and   20  it  rose  to  4-40.     Of  the  paticntc  above  3'* 
years,  35*39   per  cent  died  ;  above  -40,  43*48  ;  alwvc  50,  53*87  ;  ahov* 
60,  6704  ;  above  70,  7900  ;  aud  above  80,  lUO'OO  per  cent      And  yr 
typhus  is  not  invariably   faUd  in  very  fulvanced  life,  for  in  1821  a  mat* 
said  to  have  been  aged  104  ycfira,  recovered  from  petechial  typhus  intU 
wards  of  Cork  Street  Hospital.     Sex  influences  mortality  ;  men  die  U 
greater  numbere  thiiti  women.     The  ititemiMjrate,  the  sickly,  the  obcaeTtF 
the  very  muscular,   the  hard-worked,   whether  bodily  or    mentally,  lo 
os|XM:ially  the  latter,  nui  the  Avorst  chance  of  all    if  attacked   by  typhit« 
Sejison  atfods   the  deiith-nue,   which  dro|}6  to  a  minimum   as    mumnu-i 
advances  ;    but  rises  to  a  maximum  in  lato  winter  and    spriug,  wbicl: 
increaso  is  probably  duo  to  concentration  of  the  poison  in  closer  rooms 
Fatigue  and  privation,  and  |>articulariy  too  late  remo^-al  1o  iKwpital,  an 
)dl  prejudicial  to  the  typhus  ]»aticnt.     Pregnancy  adils  little  tn  the  dangei 
of  this  fever,  but  suckling  induces  amemia,  and  increases  the  risk  of  deatl 
from  cxb.iusti<(n. 

Treatment, — In  the  recognition  that  destitution,  overcrowding  anc 
<IeHcient  ventilation  vastly  increase  the  predis(>osition  to  typhiu,  liei 
the  key  to  the  preventive  treiitment  or  prophyhrLt  of  xhv  diseue 
Personul  cleanliness,  an  abundant  supply  of  goixl,  wholesomf^  food 
strict  tem]>eranco,  a  sufficient  cubic  airsjHice  per  hcuul  of  tho  popii 
lation  (at  least  600  cubic  fwt).  and  free  ventilation,  which  lueaiis  tht 
supply  of  3000  cubic  feet  of  fresh  air  per  head  every  houPi  are  the  betl 
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preventive*.  Thc«e  sick  of  typhus  should  bo  camed  lo  hospital  in  airit- 
»We  ambulances — never  in  public  conveyances,  and  while  in  hospital  they 
ihoold  l>e  ireaU^i  in  large  airy  wards  or  roo«is,  1500  to  2000  cubic  feet 
king  allowed  to  each  patient,  and  the  bods  should  be  at  least  six  fuet 
ijttn.  If  the  hospital  has  more  than  one  story,  the  typhus  wards  should 
le  ftt  tbo  top  of  the  building,  as  the  poison  is  light  and  volatile.  Free 
veotiUtion  is  essential ;  indeed,  whenever  the  weather  pcniiits,  a  strong 
cwnmt  of  fresh  air  should  be  allowed  to  blow  over  and  around  the  typhus 
jniiriit  (1).  Ill  summer  and  autumn  the  typhus  cases  are  best  treated  in 
lliL-  .>]»en  air,  of  course  protected  against  siui  and  rain.  Tlie  o]>cn-air 
tr«attnent  has  a  most  beneficial  effect  on  the  nervous  system,  allaying 
deliriuta  and  inducing  sleej).  Hvon  in  winter  but  little  risk  of  catching 
fold  exists  while  the  fever  lasts ;  and  there  is  good  reason  to  believe  that 
tn  abtmdant  access  of  fresh  air  mny  jwsitively  control  the  bronchial 
nUMrh  ami  other  pulmonary  adections  of  typhus,  which  result  not  from 
folil,  but  from  passive  hyiMjrrt'mia  of  the  bronchial  mucroua  membrane  and 
o(  the  parenchyma  of  the  lungs ;  lesions  which  really  belong  to  the  more 
essential  patholo^^  of  the  diseaBO. 

Bearing  in   mind   the  early   and   grave   prostration   of   typhus,   the 
patient,  having  been  Iwlhed  and  thoroughly  cleansed,  should  take  to  bed 
UMOD  as  possible  in  a  cheerful,  large,  airy  apai'lmenl  with  two  berlflteads 
in  ii,  one  for  day  and  one  for  night.     The  best  form  of  bed  is  a  hair- 
ttuttress  laid  upon  a  woven  wire  spring-mattress.     The  bed-clothes  should 
f**  light  and  frequently  changed.      Curschmann  reminds  na  that  niirrors, 
^TUl-papcr  of  glaring  dt-sign,  conspicuous  pictures,  and  any  other  brightly 
coloiire<l  or  othenviw  uripleasantly  jirominent  objects  should  l>e  covered 
'>r  removed,  for  their  presence  feedn  the  disordere^l   imagination   of  the 
•Jclirious  patient,  increasing  his   hallucinations,  and  exciting  him   to  the 
point  of  mania.     The  patient^  he^iil  Rhoidd  be  kept  iis  cool  as  possible, 
t»iil  his  feet  should  be  wami.     There  is  no  disease  in  which   the  services 
of  a  trained,  experienced,  strong,  and  judicious  nurse  are  more  needed 
tbsn  in  t^'phus.     Both  in  hospital  and  in  private  practice  the  nurse  or 
ntirsea,  for  there  should  be  a  day-nurse  and  a  night  tnu-se,  shonld  keep  a 
^wiitlen  record,  at  stated  intervals  previously  arranged,  for  the  informa- 
tion of  the  ])hyBician,  of  the  times  at  which   food  and  stimulants  have 
^>een  given,  the  Iwwels  liave  moved  or  water  Ikw   been   iMussed,  of  the 
clunges  in  the  natui-e  and  character  of  the  symptoms  from  visit  to  visit 
of  the  physician,  and  of  the  behaviour  of  the  temperature  and  the  nite  of 
the  pulse  and  respirations.      In  :dl   bad  cii»es,  with   profuse  ei-u)>tion,  the 
tire  surface  of  the  body  should  Ims  gently  sponged  twice  or  three  times 
Uy  wHth  equal  (arts  of  vinegar  and  warm  or  tepiil  water. 
8o  far  \\A  the  ]>hy«ician  liimaelf  is  concerned,  every  case  of  fever  should 
^  visited  at  least  twice  a  day — morning  and  evening — during  the  acute 
H»id  critical  stages ;  for  a  few  hours  may  mean  life  or  death  to  the  sutFerer, 
'^id  again,  a  morning  visit  only  may  gi^■c  a  very  false  impression  of  a 
Patient's  8t4ite  and  prospects.     The  condition  of  the  heart  anfl  lungs,  of 
^no  la'dneyB,  and  of  the  bladder,  should  always  be  investigjitod. 
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The  medical  treHtment  of  typhus  U  purely  s\inptomatic,  for : 
wo  possess  no  specific  for  this  disease,  if  we  except  fresh  air.  Whi 
endeavour  to  susUiin  the  vit^il  powers  of  the  fever  patiuitt  by  appro 
foo*l  aii<l  filinmUnl*s  we  ,shoul<l  uvoid  anythiiij;  which  would  CAoac 
^CHiioii,  01-  put  an  additional  strain  on  orgiiiia  alreiidy  overtAsket 
with  inipairod  functionts. 

The  foi)(l  should  \v&  hoLh  tiutritioiLS  and  digestihle,  consisting  of 
articles  as  milk,  eggs,  heef-tca,  veal  broth,  chicken  broth,  niuttou  \ 
(sli-ainod),  meat  essences,  me-^it  jellies,  arrowroot,  B«go.  tapioca,  bro»( 
milk,  junket,  wine-whey,  and  egg-water,  butter-milk,  fermented 
(Kephir),  ciutjird,  teji  or  cotfee  well  diluted  with  milk.  If  then.* 
tendency  to  diiUThuvi  the  milk  should  bo  boiled,  or  lime  wat-er  shoul 
given  with  it  in  the  proportion  of  one  part  in  four,  or  vermicelli, 
(isinglass),  or  arrowroot  should  Ijo  added  to  the  milk  or  broth. 
digestive  jwwers  are  very  we;ik  the  food  may  be  peptonisod. 

Food  should  be  given  to  the  fever  patient  at  regular  int-erva 
three  hours,  every  two  boms,  or  even  every  hour  ;    but   the 
should  be  allowe<l  to  rest  for  at  least  the  last-named  interval,  else  m 
vomiting,  flatulence,  and  <])arrh(i^a  ma}'  \ye  caused  through  non-n^siiui 
nud  decomposition  of  the  food.     When  a  patient  remaiiis  in  a  vu 
stupor  he  should  be  roused  from  time  to  time  to  Uike  food  ;  a 
of  black  coH'ee  i»  often    most    beneficial.      If    the    patient    fall  ii 
traiiriuil    sleep  after  a  period    of    wakefulness,   nervous    excilemej 
delirium,  he  should  not  be  aroused  for  foo<L     In  deliriiun,  or  wh< 
patient  ia  unconscious  or  unable  to  swallow,  liquid  nuurtshment 
be  given  by  the  nasal  tube,  or  nutnent  enemas  should   be  admin 
In  the  latter  case  the  rectum  should  tirst  be  washed  out  by  a  clys 
warm  water,  and  thLTi  an  enema  should  Ihj  gi\eu  of  milk  and  brani 
bcef-tca,  or  cgg-tlip,  at  a  suitable  temperature  (100"  F.),  and  of  mod 
volume  (not  exceeding  four  to  six  ounces). 

Very  few  fever  p:itients  can  digest  more  than   one  pint  of 
broth,  and  from  one  and  a  half  to  two  pints  of  milk,  in  the  twent; 
hours  ;  and  these  i|nantities  stMim  to  he  a  fair  allowance  for  an  odul! 

The  thirst  of  fever  is  the  expression  of  a  real  want  in  the  ay* 
it  is  a  craving  for  more  water.  The  question  llieii  arise*,  H«ir 
water  be  sujiplied  t<j  the  typhus  patient  ?  Taken  intenially  water 
most  effectual  Jissuager  of  consuming  thirst,  the  best  and  safest  di 
diaphoretic,  ai)erient,  and  elimlnative  we  can  prescribe.  Its  ailmi 
tion  in  nnjderate  quantities,  at  frequent  inter\al8,  often  allays  de 
and  induces  sleep.  Another  way  in  which  water  may  l»e  given  is 
form  of  ice,  sucking  fragments  of  which  is  most  grateful  to  the  com 
and  non-delirious  patient.  Ice,  however,  sometimes  leaves  a  jvi 
feeling  in  the  mouth,  and  children  are  apt  to  dislike  it.  In  such 
it  should  be  used  to  cool  the  lievcmge  taken  to  allay  thirst 

To  wiish  out  from  the  system  the  rctaineil  products  of  increasod 
change  in  typhus  is  one  uf  the  most  pressing  itidirations  for  Lreui 
It  is  safely  and  eOlciently    fulfilled   by  tho   internal   adminietratu 
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vitlcr.  Tbtrre  can  be  no  doubt*  aJsOf  that  in  fever  water  is  absorbed  by 
theftkin  vhon  tepid  sponging  i»  pnioli»e(l,  tw  wlu'u  tlie  ]>ati(!nt  i»  jihicerl  in 
fcirarm»  tepid,  or  oveu  cold  butli.  Curschnuiiui  truly  observes  that  the 
wine  of  the  bath -treatment  lies  not  so  much  iu  the  reduction  of  the  body- 
Ecmpcraturc  \\&  in  the  favourable  effect  prixluceil  on  the  entire  Rymptom- 
eomplitx  of  typhus,  particularly  on  certain  vital  ocnti'ca  which  are 
eipectally  implicated  in  the  poisoning,  namely,  the  respimtoty  and 
drcuUtory  centres.  This  pIiyKicinn  does  not  use  cold  liaths  wivc  in 
I  circiunBtances.  He  prefers  von  Ziemsscn's  method  of  gruduully 
luctng  the  temperattue  of  the  kith.  He  [>Iuce8  the  patient  iu  a  Imth 
ol  75'  to  78'  F.,  and  cools  the  water  by  degrees  to  68"^  or  63"  F.,  seklom 
Imrtr.  A  cold  damp  cloth  or  un  ice-cap  is  applied  to  the  patient's  bead 
duiJQg  the  bath. 

Following  the  practice  of  Dr.  StokM,  at  the  Mcath  Hospital,  Dublin, 
coId»ffii'*j(»n  may  be  used;  the  modiHed  plan  being  adopted  of  pouring 
oold  water  from  a  large  jug  over  the  hciui  and  face  of  a  typhus  fever 
patient  while  lying  crosswaya  in  bed,  his  head  and  slioulders  being  sup- 
[wrtod  over  a  bath  placed  alongtiiiie  the  bc<i.  The  atre;im  of  water  should 
Iw  dijociwl  upon  different  parts  of  the  head  from  time  to  lime;  other^vise 
ptin  may  bo  caused.  Ice  also  may  be  applied  to  the  head — a  piece, 
mbbnl  smooth  with  the  hand,  being  placed  in  a  cui>*aha]^ied  sixmgo  of 
™n»eoient  size.  By  inverting  the  sponge  the  ice  is  brought  iiit<t  contact 
*ith  the  shaven  scalp,  and  is  pissed  round  and  round  the  head  by  a 
Witirmons  gentle  motion.  In  this  way  no  pain  is  caused,  the  process  is 
i^t«fu]  to  Uie  pjitient,  and  the  whole  head  is  uniformly  and  giadually 
•wlfMi.  An  ice-cap  may  be  placed  on  the  head,  but  should  the  (»itient 
**  ver>'  irritable  the  use  of  Leiter's  luljes  is  preferable,  for  the  patient  ia 
"01  then  disturbed  by  the  removal  and  refilling  of  the  ice-cap. 

The  question  of  alc(»holic  stimulants  in  tyjihus  is  an  anxious  one.  The 
(hjof  indications  for  their  use  are  derived  from  the  atate  of  the  pulse,  heart, 
^Ugue,  and  brain  ;  fron^  the  presence  of  comjiHcations,  and  especially  of 
^o  "  typhoid  "  or  "  ataxic  state  "  (that  is,  stupor,  low  muttering  delirium, 
*onior.  subsultus,  involuntiiry  evacuations,  c^^ima-vigil,  etc,^.  Alcoholic 
*tiniidant!»  are  doing  a  typhus  patient  good  if  under  their  use — 

1.  The   heart's  action  becomes  stronger  and  less  rapid,  and  the  first 
•ound  more  distinct,  and  the  impulae  increjises  in  strength. 

•3.  A  soft,  compressible,   nmlulating,  irregjilar,  or  intermitting  pulse 
'^©COiBtsa  fuller,  stronger,  and  more  regular  in  rhythm  and  volume. 

S.  A  dry,  l>rown,  or  black  shrivelled  tongue  {parrol  hiujur)  1)ecomes 
clean  and  moist  at  the  edges. 

+.  Delirium   lessens,   the   patient  becoming  more   tranquil,  or  even 
wl£flg  asleep. 

Medicinal  stimulants  are  most  urgently  required  during  the  night  and 
»ii  the  early  morning,  when  the  \-ital  powers  are  wont  t^  flag.  In  the 
forenoon  they  are  less  necessary.  In  cases  of  extreme  prostration 
"^fidicinal  stimulants  or  tonics  should  be  combined  with  ^vine  or  spirits ; 
^*^r  example,  carbonate  of  ammonium  and  bark,  the  different  ethers, 
VOL.  It. — in.  I  2o 
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cjimphor.  musk,   turpentine,   quinine,  and  strychnine.     MurcKiBon 
sificrcd,  and  rightly,  that  patiunu  under  twenty  ycM'B  of  a)(e  do 
n  rule,  ^vilhoiit  any  alcohol,  whenyw  most  piitients  over  forty  an?  (x; 
l)y  it  rtfl4.*r  the  first  week  of  the  fever.     The  effect  of  each  df.*sc  shoi 
ciirefully  watched  and  noted  ;  and  fitimulanUi  must  never  !«  ordered 
matter  of  routine  or  without  a  senao  of  grave  regpousibiiity.     All 
many  fwitients  pass  through  typhus  in  safety  without  alcohol,  there 
no  douht  that  it«  judicious  use  may  save  life.     It  may  even  bo  n 
to  pi-oscribe  it  at  an  Cfirly  stiige  of  the  fever,  in  cjisi's  where  the  wax 
of  groat  prostration  of  nervous  energy  is  foreseen.     In  s\u:h  circunw: 
the  physician  gives  stiuiulautfi  hi/  nntidfHttwtt,     In  adopting  lhi» 
pative  trciitment  by  stimidants  (Stokes)  wo  follow  the  old  maxinu  " 
ttrmrrrre  7/wj/V**),"  and  we  tiiko  into  iw-count  the  charact-er  of  the  i 
epidemic  and  the  previous  medical  history  of  the  patient,  ant]   lur 
as  regards  indulgence  in  alcohol. 

In  former  days  musk  enjoyed  a  high  repuUttiun  as  a  dilTa^ib1« 
lant  and  antisp/mmodic  in  the  low  muttering  delirium  ^ud  iienw 
]irostration  of  the  ataxic  state.  In  Ireland,  however,  of  Ut«  yMrs  tk 
remedy  Ikik  fallen  into  unmerited  disuse,  partly  becauwj  of  the  grt*% 
of  tho  drug,  and  ])anly,  it  is  to  bo  feare<),  bcc-auso  it«  exhibition  was 
postponed  until  too  late  to  prove  of  much  use.  In  an  epidemic  of  t; 
in  Leeds  in  ISHG,  Dr.  Clifiord  Allbntt  found  mu«k  nntsl  valiia1>le 
given  in  5-grain  doses  in  low  deliriimi.  It  im\\  be  pretitoribed  in  I 
emulsion.  Camphor  may  be  substituted  for  musk  in  hoApital  practi 
those  powerful  diffusible  stimulants  may  be  given  in  combinati^^n. 
the  varioiLi  ways  in  which  camphor  may  be  administered,  the  motbi 
hypodermic  injection  should  be  mentioned.  A  solution  of  campl 
almond  oil,  of  the  strength  of  1  in  10  (10  per  cent),  may  be  in 
subeiitancously,  and  will  be  found  most  useful  as  a  atimuhuit,  and  at  ^ 
sjirae  time  a  hypnotic  and  calmative.  So  far  Imck  as  IS7s,  }Ui\H 
Witlich  ilescribod  cjiniphoraa  an  excellent  i*omody  for  the  sleepIoAneoi 
melancholia  in  female  lunatica  After  the  sulnrutaneoua  injection 
to  0  :!  gramme  of  camphor,  he  found  that  the  jaticnt  quickly 
druw.sy,  and  soon  went  off  into  a  sleep  of  several  hours'  durvti 
dissolved  the  camphor  in  swcot  almond  oil  (I'O  to  10-0  gmnunes). 
injection  is  less  i>ainful  than  one  of  morphine,  and  abscesses  noreor 
afterwards.  The  liyi>odermic  nee^lle  must  l>c  rather  wide,  othe 
oil  doos  not  flow  r{!a<lily. 

The  management  of  some  of  the  complications  and  sequ 
typhus  LJills  fur  a  few  remark.s  ; — 

ruhiuiiuuy  coftgf^vM  and  hronchitis  are  iwsi  treated  by  external 
— poulticing,  dry-cuppini;.  and  the  application  of  rubefacient^^  ami 
Uting   linini(:'nts,   like    (i>nipound    camphor    liniment^    acetic    t^irpeol 
tinimontt  and  so  nn.      Imline  may  be  applied  jis  an  oleatc.  or  i 
bination  with   water  and  glycerin.     The   olHcial    liniment  of 
potassium  with  soap  is  an  excellent  remedy  for  such  conditions, 
rially,  tjuinino  deservedly  takes  first  place  among  remedial 
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ntj  he  given  in  does  of  5  gmiua  every  three,  four,  or  six  hours,  until 
lymptoms  of  cinchonism  shew  themselves.  Di^talis  may  b<!  combined  with 
i[uiniDc :  and  80  may  tinctiu-o  of  mix  vomica,  or  liquor  atrychnimc!,  or 
hquor  anwnici  hydrochloric  us.  In  convalescences  iodide  of  pota^ium  and 
bnrk  form  a  euiuhle  and  often  vuluablo  combination.  Free  Btinnitation 
is  needed  in  many  cases — the  spirits,  whisky  and  brandy,  arc  more 
rdi&ble  than  wine. 

PoreMA  after  the  fever  requires  a  generous  diet,  the  mineral  acids  as 
tonics,  strychnino,  and  massage  with  galvanism  or  faradisation.  To  thcfie 
rnxipdies  ahower-lniths  Jind  (in  summer  and  autumn)  sea-bathing  may  be 
•Aled.  Tincture  of  i)crchloride  of  iron  is  a  valuable  remedy  in 
incontinence  of  urine. 

\Vlwn  nmrttitnoiiA-  threaten  or  occiu*,  the  bowels  should  be  fi*eely  moved 

by  ft  doso  of  calomel  or  eroton  oil,  the  state  of  the  bladdci-  should  l>e 

auoDdod  to,  and  congestion  of  the  kidneys  should  be  i*elicvcd  by  dry- 

cupjitng  and  poulticing,  the  hot-air  htth,  or  the  hot  wet  pack  ;   while 

rf|^  iictioii  is  promuted  by  copious  draughts  of  water,  saline  diuretics, 

iPtdigitilis.      In  urotropin  we  certainly  possess  an  antiseptic  and  diuretic 

w  niiuh  v;due.      Wet-cupping  has   been    jmictised    with   succfw*    for   the 

rtlicf  of    convulsions.      .^Ufrctl   Hudson,   in    1837,   recorded    a    case   of 

fwcovcry  after  two  severe  fita  of  convulsions  in  typhus  .ifter  the  abstrac- 

■Jon  of  ton  fiunces  of  blood  from  the  neck   by  weUcupping  and  purging 

"Jth  calomel. 

^Llkd',^r^^  may  l>c  avoided  by  careful  nursing,  and  by  using  a  water- 
^f  or  a  woven  wire  mattress.  The  threateneil  iHirta  should  be  kept 
impiilously  clean  and  dry.  They  may  l>e  painted  twice  a  day  with  a 
)luiiou  of  one  part  of  sheet  gutta-percha  in  eight  pjirt*  of  pure  chloro- 
>rra,  or  equal  part*  of  white  of  egg  and  rectified  spirit,  or  ixpwl  parts  of 
ollodion  and  castor  oil.  AVbon  bed-sores  have  formed  and  are  sloughing, 
liey  shotdd  l>e  washed  and  dressed  antiseptiailly.  Carbuliseil  oil  (2^  per 
ent),  or  a  mixture  of  two  parts  of  cantor  oil  and  one  of  lialsum  of  Peru, 
aay  bo  applied  on  lint  as  a  stinmUting  dressing.  Boiie  acid  freely 
lu£t«d  over  the  cleansed  l>L'd-8ore  is  an  excelltmt  antiseptic.  These 
IresfliDgs  should  be  covered  with  a  layer  of  oiled  silk  or  protective ;  or  by 
^  poultice  less  septic  than  linsoed-mcal,  such  as  the  ycjist,  carrot,  chlorine, 
♦r  charcoal  cataplasm. 

PhlfjpmLr-ia  'h'lens  and  IhrtnnlHms  of  the  veins  of  the  lower  extremity 
'^  be«t  traited  by  raising  the  affected  limb  on  a  gentle  incline,  enveIo]>- 
*?  it  in  wotliling,  and  applying  a  long  wide  flannel  bandage  from  the 
*0t  upwards.  Strips  of  lint,  smeared  with  equal  parts  of  glycerin  and 
f^tict  of  bclladonnii,may  be  laid  along  the  hard,  painful, cord-like  swelling, 
*«  coveretl  with  the  flannel  swathe  i^&  before. 

(Kilfvui  of  the  lower  extremities  generally  yields  to  a  generous  diet 
^    tonics,  such  .'is  iron,  quinine,  and  Btrvchnine. 

During  convalescence  from  typhus  the  i>!itiunt  should  be  wanu'd 
^mt  aasuming  the  njiright  position  too  soon,  and  against  cx]>osure  to 
*i-    The  returning  apfMJtite  should  be  controlled  for  the  6rst  two  or 
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U  IS  jjencraily  reoofiriiseti  both  by  the  laity  and  by  the  medical  pro- 
(e-**i<ni  ihut  sudden  oxi)osiire  to  cold  uridor  certain  conditions — wtial  is 
alUil  a  chill — mav  Ih)  foiiowi«i  by  symptoms  of  very  varied  character. 
In  one  man  it  is  followod  liy  coryzii,  in  another  by  bronchitis,  in  a  thinl 
bjrpistro-intcstinal  distnrbunco  inatiife.stod  by  conslipation  or  by  diarrhf»*a, 
io « fourth  by  riioumatic  pains  in  joints  or  mnscle3  or  by  himbago.  in  a 
liflli  liy  A  bout  of  headache;  moreover,  the  SJimc  indiWdual  maj*  auti'er 
from  any  ono  of  thcso  misfortunes  at  diffiircnt  times  aft^r  ex]>Ofiures 
which  appear  identical.  But,  though  the  cauRiil  connexions  are  generally 
wlmitted,  tXw  nature  of  the  nexus  presents  a  dilticully  even  to  lajiiieti, 
anil  (he  pnident  physician  will  be  more  disposed  to  admit  its  existence 
ikn  to  attempt  to  explain  its  nature. 

The  common  exprc-saion  "  I  have  caught  cold  "  seems  at  fii-st  sight  to 
inply  the  idea  of  infection,  but  a  little  examination  will  prove  that  the 
trrh  is  used  in  a  double  senBe.  Hometimeii  the  speaker  means  to  imply 
thdt  he  hfl*  contracted  infection  from  another  sufferer,  sometimes  that  he 
luw  i«en  expose*!  to  cold  under  conditions  which,  as  experience  has  taught 
him,  !u-e  followod  by  cory/j»,  and  that  he  ali-eady  feels  the  y»*eliniinary  or 
Jipemonitory  drynew*  of  the  nasal  nuicons  membrane. 

The  most  efficient  conditions  appear  to  be  the  combination  of  damp 

dotbes  with  cold  and  fatigue,  as  when  a  man  whfi  hits  perepired  freely 

afU-r  exercise  has  to  drive  in  an  open  carriage  ;  or  a  golfer  who  has  been 

wetti'il  by  a  heavy  shoM'er   is  held  up  by  a  slow  foursome.      Coryza, 

pwiTo-iiitestinal  disturbance,  rheumatic  pains,  or  headache  may  follow. 

A  (inrnght  beating  ou  the  hejwl  is  more  likely  to  be  followed  by  cftryza. 

^  lUioQt  doubt  coryza  thus  started  df  twfo  is  sometimes  communicablo  to 

Inhere.     A  man  who  "starts  a  cold,"  liS  is  said,  takes  it  home,  and  give* 

It  lo  his  family.     The  suspicion  therefore  nalunilly  arises  that  the  con- 

^lilifm  which  proved  infectious  to  others  is  an  infective,  that  is  to  say  a 

miorohic,  process  in  the  first  suflferei-.     The  common  fowl  is  not  ujider 

wiitijiry   conditions  susceptible   to  anthrax,   but   Paatour   succeeded   in 

*iut»uiK  develoi>ment  of  the  disea'^e  in  a  cock  by  keeping  it  for  a  night 

*ilh  iis  feet  in  cold  water.     The  ease  and  fre*piency  with  which  the 

infective  process  is  set  up  varies  very  much  in  different  individuals  and 

ui  <li(rerent  conditions  of  health  ;  that  is  to  say,  predisposition  plays  a 

txutsiilemble  part.    Among  prc<lispo*<ing  causes  the  gouty  dyscnisia,  owing 

"«  doubt  to  the  liability  to  catarrh  by  wliich  it  is  accompanied,  i.s  so 

iinportjint  thcit  some   have  been  betrayed  into  the  belief  that  feverish 

<old  seldom  or  never  occiu-s  except  in  gouty  pei-sons.     A  lax  habit  of 

"'^y*  endenced  by  general  want  of  tone  and  free  pei'spiration  on  slight 

^^''ti'ou,  is  also  a  disposing  cause,  and  in  children  an  excess  of  8tj*r<*h  in 

^^  dioL     There  se^ms  reason  to  liclieve  that  to  live  habitually  «i'  for 

"any  iioniTj  n  flay  jjy  ^n  atmngjihere  unduly  dry  disposes  to  coryza  ;  this 

^y  perhaps  be  accounted  for  by  a  diminution  of  the  mucous  secretion 

^h«  nasal  passages,  which  not  only  has  a  mechanical  deterrent  action 

L  J    H-lso  possesses  some  Imctencidal  power.      Infectious  coryza  is  parti- 

n  ^'"ly  fre^^uent  in  Great  Britain  duiing  the  prevalence  of  the  cold,  dry 
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Arc'tiG  vinrl,  conunonly  knoTn  and  dreaded  as  the  east  wind. 
flanger  is  twofold,  general  and  local  ;  general  because  being  not 
cold  bnt  dry  it  promotes  ra[Md  evaporati<m  from  the  skin,  often  i 
from  the  effect  of  a  bright  son,  which  is  eren  hot  in  sheltered  pi 
and  local  br  drying  the  nasal  macons  membrane  and  checking 
eecreti<m  of  mncns. 

The  determining  caase  is  rerr  frequently  a  sudden  chilling  ol 
surface.  This  is  most  often  produced  by  sitting  in  a  draught  or  dr 
in  a  cold  wind,  especially  when  the  clothing  is  moist  from  perspiratii 
rain,  the  loss  of  heat  due  to  the  low  temperature  of  the  air  being 
greatly  increased  by  the  rapid  evaporation  produced  by  the  curret 
air.  In  a  predisposed  person  mere  sitting  or  standing  in  a  cold  ) 
can  determine  an  attacks  It  is  sometimes  difficult  to  say  whether 
particular  attack  the  infection  is  acquired  or  autochthonous.  A  p( 
who  has  spent  an  hour  or  two  in  one  of  the  crowded,  overheatol, 
ill-ventilated  buildings  in  which  pablic  meetings  and  religions  ser 
are  commonly  held,  often  attributes  the  subsequent  cold  to  chill  on 
ing  the  hot  room  for  the  cold  outer  air,  bat  it  is  as  likely  to  be  dn 
infection  contracted  from  some  other  member  of  the  audience.  . 
estimated  that  in  normal  circumstances  in  the  adult  73  per  cent  of 
total  loss  of  heat  is  by  radiation  and  convection,  and  10  to  20  per 
by  evaporation  from  the  skin  and  respiratory  tract.  In  a  crowded  i 
the  temperature  of  the  air  rises,  and  it  is  saturated,  or  nearly  satun 
with  moisture  at  this  high  temperature.  The  clothes,  therefore,  coi 
a  large  amount  of  moisture,  derived  partly  from  the  moist  air  and  p 
from  perspiration.  On  going  into  a  drier  atmosphere  the  loss  of  he 
evaporation  from  the  clothes  must  be  very  great,  producing  a  rapid 
ing  of  the  skin,  which  stops  perspiration. 

Recent  investigations  <5)  have  proved  that  the  impleasant  sensa 
produced  by  the  atmosphere  of  a  crowded  room  are  due  not  t 
accumulation  of  carbonic  dioxide  nor  to  the  malodorous  ezhalatic 
the  human  body,  but  to  an  excess  in  the  temperature  and  the  hun 
of  the  air.  The  body-temperatiu^  is  kept  constant  by  the  estahlisli 
of  a  balance  between  the  internal  production  of  heat  and  its  loss  b 
lungs  and  skin  ;  this  balance  is  controlled  by  the  nervous  system  thi 
the  vasomotor  apparatus.  All  the  energy  expended  in  internal  wt 
converted  into  heat,  and  at  ordinary  air-temperatures  therefore  heat 
be  continually  eliminated.  One  function  of  the  surrounding  atmoe; 
is  to  carry  away  heat  from  the  body,  mainly  by  convection.  An  im 
in  the  temperature  and  humidity  of  the  surrounding  air  beyond  a  a 
limit  diminishes  its  power  of  removing  heat  from  the  body.  Mere  r 
air-temperature  docs  not  produce  the  unpleasant  sensations  with  i 
every  one  is  famili;ir  in  a  crowded  room  or  hall :  the  higher  temper 
le;ul3  to  an  almost  instantaneous  readjustment  of  the  thermo 
mechaiiism,  mainly  by  increased  ])erspiration  and  its  more  rapid  eva 
tion.  Experiments  prove  that  with  a  given  degree  of  relative  ham 
the   unpleasant   sensations   are    more   readily   induced   the   higber 


of  the  air.  It  appears,  then,  safo  to  nssurao  that  in  the 
t^f  catching  coir!,  except  in  those  cjwes  in  which  the  infettivo 
I  Is  more  or  less  directly  tninsferrod  from  the  suHorer  to  the  victim, 
ihf  initial  clisciu'baiice  ia  nervous:  the  hetit-regubitinj^  mechanism  is 
thrown  out  of  gear,  and  a  condiriun  of  vMsomoior  inslahiliiy  is  produoed. 
It.  tialciiine  hus  shewn  th^t  in  a  hot,  moist  atmosphere,  such  as  prevails 
in  livcp  Comisb  mines»  the  body -temperature  riHe^  it  may  he  jis  much  as 
i'  or  even  5"  F.,  and  that  this  occurs,  though  to  a  less  degree,  even  when 
DO  work  is  done.  On  entering  a  cooler  atmosphere  the  body-temixiraturc 
j  dedinei  gradiu.Ily,  hut  doett  not  reach  normal  for  an  hour  or  moi-e.  In 
the  warm  Atmosphere  there  is  wcUmarked  diminution  of  activity,  both 
menial  and  muscular,  and  a  feeling  of  general  slackness  and  indifference, 
oftea  Arcompinief],  at  any  rate  in  those  not  habituated  to  the  high 
temperature,  by  dyspncca  on  exertion.  Some  of  Dr.  Haldane's  experi- 
mHiia  were  followed  by  headache  lasting  until  night  Under  thi'  con- 
ditions described  there  ia  obviously  a  very  mnrked  disturbance  of  heat* 
regalRtion,  and  the  analogy  between  iheise  conditions  and  those  of  many 
liLcfsof  public  aR3embly  will  not  escape  notice.' 

Jitictmifhujif  has  not  as  yet  done  much  to  elucidate  the  etiology  of  in- 
fection colds,  but  it  seems  to  be  proved  th/lt  in  different  cases  the  same 
Suaiiuu'  symptoms  may  be   due   to   the   pi'esence  and   development  of 
Mveml  difitinct  mici-o-organi.sm8.      Of  these   the   most  important  may 
j««*iMr  prove  to  be  a  Gram-negative  coccus  found  by  Kirchner  in  1890 
•s  of  cases  of  the  inriuenza  tyi>e.     It  was  afterwards  found  by 
iiT  in  enormous  inimlicrs  in  certain  mild  cases  of  bronchitis,  and 
unned  by  him  Microeoenis  caiarrhuliA.     The  same  organism  was  found  as 
the  imiform  causal  agent  in  an  epidemic  in  Kjist  Hertfordshire  in  1905, 
ileicrilwtl   by   Drs.    Dunn   and   Gorfion.      The   clinical   features   of   the 
epidt-mic,  as  reported  by  Dr.  Dunn,  resembled  those  of  inHuenza ;  while 
Dr.  Uordon    found    that  at    the   heij^ht   of   the   attack   the  Mirron-rrus 
attArrfuilk   might   be   present   in    the    nasid    mucus   in    such   enormous 
DUnil»er?i  that  the  microscopical  appearance  resembled  an  artificial  culture. 
Dr.  Caiitley  found  in  the  nasal  secretions  of  seven  out  of  eight  cases  of 
feverish  catarrh,  designated  inflnenai  cold,  occnrring  in  London  in  1S93 
y'*r  subsidence  of  an  epidemic  of  influenza,  a  segmented  bacillus  Iwlong- 
*"?  *o  the  diphtheria  group,  since  recognised  by  Dr.  Itenham  in  another 
•WMM  of  <yises  t)f  infectious  coryza  of  rather  severe  type,  and  by  Dr. 
^^foner  White  in  seventeen  out  of  twenty-one  cases  examined  by  him. 
*^'  Allen,  who  studied   three  separate  severe  local  epidemics,  isolated 
^*  Miaiicoc£u»  aU&rrhalis  with  ease  fiom   each  case   examined  in   one 
Ppideiuic^   but  in   the  other   two  fomid    /•'rudhtuder'f  pitrumofHtnUns  in 
r'^0*   case    during   the   first   twenty-four   hours  and    sometimes    later. 
*■    Gordon,    following    out    the    observations   of    Fliiggc,    has   shewn 
'   *-hal  in  s|>caking  minute  |iarticles  of  8ali%'a  are,  as  it  were,  sprayed 
"**    the   air,   and   that  in   loud  articulation   thia  spray,   carrying  with 
'*f   course   any   bacteria  present  in   the  saliva,  may  be  wafted   to  a 
"^rjce  as  great  as  40  feet  by  air  currents,  such  as  exist  in  oi*dinary 
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rooms  with  closed  windows  tind  no  artificial  ventilation.  An  iUv« 
ro<)iu  with  its  hot  moi^t  atmosphei'c  supplies  tborcfore,  ii  an 
speaker  be  |>resont,  the  two  conditions  letjiiired  to  cnnsf  a  healtbj 
to  contmct  coryzn:  (1)  air-comlitions  of  tempemtiirc  und  moisUir 
tend  to  tlisturb  the  heat-regulating  raceUarusni,  and  (2)  the  irifectiv 
in  this  cjiHB  difiHeniiuuted  through  the  air. 

Symptoms. — The  early  symptoms  may  be  merely  those  of  ii 
of  the  ntisul  mucous  membrane,  such  as  arc  produced  by  mecha 
chemical  irritant*  ;  that  is  to  say,  repeated  sneezing  followed  by  % 
watery  discharge.  In  some  such  cases  recovery  ensues  in  a  few  1 
after  a  night's  retit;  they  are  attended  by  little  or  no  const) 
distui-banoL\  and  are  perhaps  of  the  same  nature  as  attacks  of  \ 
Trousseau  held  that  they  wore  irregular  manifestations  of  that  ( 
and  ocouiied  usually  in  individuals  subject  to  it.  The  opini 
portuifm,  without  too  much  presumption.  \v&  hazarded  that  the  lit 
suggested  is  unnecessary.  It  must  be  a  very  common  experienc 
to  l>ed  with  all  or  many  of  the  symptoms  of  a  commencing  cold 
wake  up  without  them  ;  the  preliminary  vasomotor  disturbano 
paves  the  way  has  occurred,  but  either  because  it  woa  not  sul 
profound  or  Iwcauso  the  infective  agent  was  not  present,  the  ' 
[iroceas  does  uot  develop  and  the  rest  and  luiiform  teinfjcnitan 
the  hciit-regulating  mechanism  to  recover  its  equilibrium. 

In  ordinary  cases  of  cory2a  the  first  sign  is  congestion  of  th4 
membrane,  which  is  dry  but  so  swollen  as  to  block  the  pnfesagec, 
tlie  well-known  characteristic  imperfection  in  tko  pronunciatioc 
n:isal  cnnsonants.     Smell   is  abolished,  and  taste  [)er>'erted  or 
the  Cfttarrh   invade  the  frontal  sinuses   the   puticnt  complains 
frontiil   hf'adache,  or  heavinc-ss  in  the  head  ;  and  there  is  uften,  e 
in  children  and  old  people,  some  dru\v»inesa.      Such  a  {Httimit  is  c<t 
Siiid  to  have  a  heavy  cold.     In  other  cases  the  inHammation 
to  the  antrum  of  Bighmore,  causing  pain  in   the  cheek  and  at 
the  canine  anil  iieihaps  other  teeth  of  the  npper  jaw  r\x\  the  ««i 
When  this  complication  has  once  been  produced  it  is  very  apt 
in  subseiiuent   attacks.      The  catarrhal    inflammation  may  ext«t 
the  hiL-rimal  jiassages  to  the  conjnnelivie,  so  that  the  eyes  feel 
gritty ;  or  the  dryness  of  the  conjunctiva  may  be  a  veiy  .eai*l 
times   apparently    the    initial,  symptom    (cf.    hay    fever).     Bloc 
the    Bustacfhian    tube   is  nlwj  a   common    occurrence,   produciii, 
deafness  and  sometimes  tinnitus.     The  catanh  may  extend  to  th' 
and    trarhea.      In  aome   attacks  the   caUirrhal    process   se«ma  U 
by  regular  stages  beginning  in   the   nose,  then  attacking  th»*  | 
lar)'nx,  and  even  the  trachea  in  succession  ;  or  it  begins  in  th< 
extending   upwiu'ds  in  the  course  of  a  few  hours,  as  is  often  i 
also  in  true  influenza.     In  other  attacks,  again,  the  catarrh  seems 
in  the  pharynx  and  tu  nuliate  forwanls  to  the  nose  and  conjunct 
downwards  to  the  hirynx.     AVith   this  spreading  ty|k!  the  rog 
attacked  may  have  almost  recovere<l  while  others  are  in  the  acuti 
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In  all  save  the  slightest  casos  of  coiyza  there  is  Bome  constitutional 
<iifitarUince  at  the  onset;  as  a  nile  there  is  a  chilly  feeling,  sometimes 
ifUial  Aliivering.  Tho  chilliness  may  lie  attended  by  pjillor  of  the 
»arhce  arnj  84>-caltfd  goose-skin.  This  is  followed  by  flushing  of  the 
<.kiti,  which  is  dry  and  bot.  At  this  stage  there  is  usually  some  general 
iiuliuaQ.  In  other  instances  the  constitutional  symptoms  are  more 
wvore.  the  nmlai&e  atul  sense  of  illness  are  greater,  there  are  pains  in  tho 
limlisand  hack  and  some  elevation  of  temi>erature.  Such  a  patient  is 
«ud  k)  have  a  thorough  cold,  or  an  influcuTa  cold.  In  these  more  sevt^re 
stacks  the  general  may  precede  the  local  symptoms,  which  at  the  onset 
are  often  slight. 

After  the  congested   condition   of  the   mucous  membrane   has   con- 
tinued for  some  hours,  or  it  may  bo  a  day  or  even  two,  a  more  or  less 
(upiotu,  thin,  acrid  discharge  is  gmdiially  established,  and  the  onset  of 
lhift»tage  is  commonly  attended  by  sneezing,  and  frequently  by  copious 
Uciiiuation,  so  that  the  sufferer  sits  alternately  mopfiing  his  nose  and 
drring  his  eyes.     The  discharge  ia  irritating,  and,  favo»n"ed  perhaps  by 
ilip  friction  of  the  handkerchief,  may  produce  a  superficial  dermatitis  of 
;be  Dpper  lip  and  cheek  and  excoriations  of  the  nostrils.      Recovery  may 
iiriir  nipidly    ensue,  or   the   catanh    may  continue   for   some   days,    the 
diacliarge  becoming  mucopurulent.     In  either  case   the  headache  and 
WDse  of  fulness  in  the  nose  and  hear)  subside  more  or  less  rapidly  as  the 
diaclurge  becomes   established,  but   the   patient  commonly  remains  for 
*onie  days    in    a   debilitated    state.     One   attack    eeems    to    confer   no 
immunity,  and  the  prolonged  colds  from  whicli  some  people  sutfer  appear 
to  be  due  to  repeated  infections  or  relapses. 

Prevention. — Isolated  communities  may  be  free  for  years  from  this 

(liwnler,   which  becomes  epidemic  after  the  arrival  of  strangers.      For 

example,  Dr.  E.  A.  Wilson  states  that  the  crew  of  the  IMacovcrt/  during  the 

'^•cfii  Antarctic  expedition  remained,  except  on  two  occasions,  entirely  free 

Ironi  colds  from  the  time  the  ship  entered  the  ice  until  it  rejiched   New 

^land,  two  and  a  half  years  later.     The  exceptions,  as  he  says,  were 

'"fmarkahle,  and  may  be  i*elatcd  in  his  own  words :   '*  Ou  the  occasion  of 

**ur  unpacking  a  large  bale  <>f  woollen  clutiiing,  long  after  we  lijwi  been 

'^  the  ice,  a  very  virulent  form  of  nasal  catarrh  ran  through  the  whole 

'^p"s  comp'iny.     UndoiditetUy  in   this   case    the   infection   was   in   the 

•Nothing.     On  the  second  occasion  the  catarrh  was  accounted  lor  hy  the 

Wet   that  our   wjirdroom    caqwt   was   taken    up   for   beating,   and    tho 

"ifection,  which  h:id  lain  doi*mant  for  many  months.,  was  liberated,  and 

o»ti  the  usual  effect."     The  majority  of  the  crew  were  infected,  and  the 

Uta^k  on  one  occasion  was  very  severe,  with  pronounced  aching  in  the 

uni>>s  and  body  and  ranch  indisposition.     In  civilised  commuin'ties  under 

ordinary  conditions  of  life,  especially  in  towns,  it  is  pr-actiadly  impossible 

lo  avoid  the  risk  of  infection  ;  but  the  possibility  of  preventing  infection 

°y  isobitioD  should  be  borne  in  mind  in  the  case  of  delicate  children  and 
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persons,    es}>ccially    during   any  season   when    infectious  colds  are 
''aleut.     An  extreme  pronencss  to  coryza,  as  has  been  said,  may  in 


cliil<lrint  Ijo  due  to  an  excess  of  starch  in  the  diet,  and  in  adu]ts  v> 
gouty  tendency  ;  in  either  caac  Buitable  modificationa  of  the  di«t 
\)e  attended  by  satisfactory  results.     To  habituate  oneself  to  frotb 
at  all  times  and   in   all   places   is,   however,   the    best   preventive;  tk 
lovu  of  heiitcd,  ill-vontiltttod  rooms,  of  heavy  clothfg,  and  gctu 
what  18  commonly  called  "co<ldling"  undoubttidly  disposes  the  vi 
contract  infectious  colds  un  slight  ex})osure ;  wherfas  ojwnair  halnUTan 
the  opposite   effect,  insomuch   that  a  person  sufficiently  iiardened  our 
acquire  the  power  of  sitting  in  di-aughts  vnth  impunity.     I*ro«cnc«  to 
catcli   cold   may   be  due  to  the  existence  of    local   conditionSf 
rhinitis  or  luiso-pliaryngeal  catarrh,  adenoids  or  enlnrgcd  tonsils;  im 
caaci^  ■*ni'L'ical  treatment  greatly  diminishes  the  pi-e4li5position. 

Treatment. — The  general  treatnuMit  ought  not  to  \w  condactel 
any  routine  plan.     No  doubt  it  is  liesi  even  for  the  most  robust  fluiLit 
by  a  severe  "thorough"  or  "heavy "cold  to  8{icnd  a  day  in  bed 
another  in  the  house,  especially  tf  the  weather  be  inclement ;  ood  it 
wise   to   Like   the   same  precaution  xrith  old   ])eople  and   with  i\fhc 
children.      Hut  it  is  at  least  a  matter  for  consiilcnition  whether  0|trtB 
tn^iitmont  h  not  far  jtreferablo  for  a  {Hitiont  i»f  sound  cmifstiliition  (Hiffff 
ing  from  a  cold  of  no  more  than  modomie  serorily  :  the  open  air  bv  lin 
and  the  open  window  by  night.     The  diet  should  be  light  and  siniplft( 
the  old  advice  to  feed  a  cold  an«1  starvt*  a  fever  being  ceilainly  muttbl 

There  is  no  line  of  treatment  by  drugs  the  efficacy  of  wlitdi 
genei*hlly  recognised.     The  views  and  practice  of  domestic  auihflriw 
are    as    discordant   jls    those   of    medical    practitioners.      Miiny  (lOpaW 
methods  rest  upon  the  belief  that  if  the  hot,  dry  skin  of  the  early  ^u-ct 
can  be  made  to  perspire  the  symptoms  will  be  alleviated,  eveu  if  u« 
attack  be  not  cut  short ;  with  this  object  in  view,  hot  draughts  oontaim 
spirit  of  nitrous  ether,  sal  volatile,  or  spirit  of  chloroform,  or  all  thrw; 
given,  or  a  dose  of  Dover's  pmvder.      By  some  it  is  thought  thnt  »« 
doses   of  belludotina    fre<|uently  repeated    iind  combined  with  ibffu^il' 
stimulants  :iro  useful.      Others  pin  their  faith  to  a  dose  of  opium  .'ii  l"" 
time,  followed  by  a  saline  aperient  in  the  innming.      If  the  |)atieni  he, 
is  the  rule,  constipated,  a  brisk  purge  is  indicated,  and  it  U  podaible 
mercury  has  some  beneficial  effect  on  the  specific  proco«ft.      In 
persons  calomel  is  to  be  preferre<l,  thi'  dose  l>eing  adjusted  to  their 
Kynixasios,  as  to  which   they    have  commonly  ven*  definite  infnrmali' 
Salicin  and  the  salicybites  are  useful  in  (ho  early  stage,  esj)eciaUy  prrl 
in  thine  cases  in  which  there  are  aches  and  pains  in  limits  and 
so]  icy  I -acetic  acid  (aspirin)  has  gained  a  certain  reputation  and  i« 
depro$.sing  than  sodium   salicylate.     Quinine  or  quiiiiuo  salicyL&te 
be  useful   in  some  cases.     Camphor  appears  to  have  a  specific  thr 
evanescent   action :    it    is    i%n    old-fashioned    rt^medy    givm    int^Ttii 
(spiritus  caraphorse  x-xvni^)  with  spirit  of  chloroform  and  tiroinutir  »} 
of  ammonia  in  water;  it  is  also  used   looilly,  and  for  thi:*  purjMJse  il 
recommended  to  snitTnp  from  the  finger  a  sinall  cpiantitv  nf  a 
solution  in  rectified  spirit. 
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L'nJiI  truatUKTil  \\s  antistipticH  lian  ha<i  many  advocates,  eapecitilly  in 
It  years  ;  for  this  pur|>osc  carbolic  nciti  1  in  tO  (with  a  little  glycerin), 
3rcin  5  grs.  to  r>t  ^th  un  alkali,  anil  formalin  1  in  40  have  becu 
micndeH,  sprayed  well  inti)  the  nostrils.  Ferriere  Rnufl".  conBisLing 
bwmuthi  Bubnit.  ovi.,  pulv.  giim.  acacia*  3ii.,  morphina-  hydrochlor. 
gr,  ii.  to  which  cocaine  gr.  ii.  is  somctimea  added,  w;is  formerly  very 
mnch  uspd,  hut  has  to  a  large  extent  been  replaced  by  sniiH's  contAining 
meiiliiol  with  or  without  adrenalin,  Ijoth  drugs  lieing  cho.seii  fur  llieir 
local  wtriiigcnt  ;iCtion. 

The  debility  left  after  a  bad  cold  may  lie  combated  liy  tonica,  but  in 
TT^ist  persons  a  change  of  air,  as  from  a  city  to  the  seaside,  ia  the  most 
•tfcLiire  remwiy  and  commoidy  acta  with  great  rapidity, 

Dawson  Williams. 
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WHOOPING-COUGH 


By  BcsTArs  Smith,  M.D,,  F.R.CP. 

SifxovTMa — Lat,  Perhtssis  in/antum  ;  Fr.  Coqwlnch  :  Germ.  KettdiJmsten. 

^DOOPING-COUOH,  an  acute  and  highly  infections  complaint,  occurs,  like 

other  zymotic  diseases,  in  epiilemica,   and   runs  a  definite,  coiwae.      Its 

*Jt'cial  characters  arc  severe  general  catarrh  of  the  air-passages  combined 

fith  laryngeal  spiism  and  other  signs  of  nervous  disturfjance.     The  com- 

F'ifit  uBually  attacks   children,   and   is  rarely   seen   twice  in    the  SJime 

''xiiviiUuil.      It  is  therefore  tnicommon  to  find  a  grown-np  person  suflering 

'•^^ta  it ;  but  young  and  middle-aged  adults,  and  even  quite  old  people, 

'^y  sometimes  be  affected.     In  them  the  symptoms  are  much  the  same 

^  those  noticed  in  the  child,  but  there  is  »  less  tendency  to  dangerous 

^^JJi  plications. 

Ellologry. — Whooping-cough  is  undoubtedly  the  result  of  a  specific 
)'"*u»,  and  many  attempts  have  been  made  to  determine  the  nature  of  the 
inicMrung  agent.  Kxumination  of  the  sputiun  during  the  convulsive 
***^'*  has  proved  the  existence  of  various  kinds  of  micro-organisms.     Carl 


Burger,  of  Rjiwi.  fouiitl  na  eloiigHled  Ixicillus,  isolated  or  in  chnim; 
Afanassieff  niado  cultures  of  a  simikr  microbe,  and  injecting  this 
the  windpipe   of   dogs   and  rabbits,  succeeded  in   produciu^  sycnt 
exactly  reserobb'ng  those  of  pertussis.      Ritlcr  examined  the  sputum 
the  broru'lii  ami   lower  thinl  of  the   traoliea,  and  (b^covercd   wry 
diplococci,  which   were   often   arranged  in  straight  or  clu4terr«l  rh 
He,  too,  aiiccewled  iti  cultivating  the  microbe,  and  coiiJd  repr(^>thitr 
diaeaflfi  with  it  in  doga.     Unfortunately  this  result  ia  not  conclumie  ai| 
the  real  nature  of  the  organism,  for  in  the  dog  it  is  aaid  tiiat 
jcuts    will    *^el   up   an    apparently   cliaracterisl.ic   whooping  cf>u;;h, 
Crcptocoecus  which  forms  both  long  and  short  chains  has  Ixhmi  <li!«rovcr 
by  Cohn  and  Neumann  j  but  these  observers  hesitate  to  declare  it  to 
the  specific  cansi;  of  the  diKejise.     The  vinw,  what-ever  it  may  Iw,  stwinij 
be  thrown  off  from  the  airpjissagos  and  conveyed  perhape  by  the  Utt 
certainly  by  the  sputum.     That  it  is  highly  infectious,  especially  iii 
earlier  periocl  of  the  illness,  there  can  be  no  doubt ;  and  fact*  act; 
observed  have  shewn  that  it  can  be  conveyed  fnim  h<iU8e  t^  bouw 
clothing.     In  all  probabilit}'  it  is  the  sputtun,  far  more   than  the  h 
which  serves  .as  the  medium  by  which  infection  is  conveyed.     If  raw 
be  taken  to  disinfect  the  secretion  from  the  air-paesagcs,  or  to  |in«vv/iti 
from  coming  into  contact  with   healthy   cbildron^   the  latter,  alt 
living   in   the  same   house  >vith   the  sufferer,   will  proljably  eacsp' 
disease.     It  has  been  noticed  in  the  East  London  Ilospital  for  CliiMr 
that  whooping  cotigh,  when  admitted  accidentally  into  tho  wnnlt, 
rarely  spreads  to  the  iMids  anjund. 

The  susceptibility  of  a  child  to  the  complaint  varies  ac<^n3inii  U)  bii 
age  ami  physical  state.     Babie^s  and  the  youngLT  cbildreu  take  it  wi 
readily,   so   that  it  is    far   more   common   before  the  sixth  or  sei 
year  than  at  a  later  ago.     Strumous  subjects  are  more  siwceptiblr  ttr 
than  children  of  stronger  constitution  ;  and  the  state  of  physical  d«'[i 
sion  left  by  certain  diseases — by  mcaslcjt  in  pirticular — seems  to  pf 
the  child  for  ready  infection  by  the  whooping^ough  vims.     Epidi 
are  more  common  in  the  spring  and  autunni  than  at  other  seasons; 
it  is  at  these  times  that  the  great^?r  pro|M)rtion  of  deaths  occur,  fori 
changes  in  atmospheric  conditions,  by  increasing  the  pidmonary  caurrfa. 
add  to  the  intensity  of  the  disease. 

The  |Hirio(l  ui  Incubation  is  not  absolutely  fixed ;  proliably  it  V3 
in    different    individmils.       In   one   very   clear  case   nolt^l    by  Bri>W 
the  perioil  wjis  exactly  a  fortnight;  btit  accoiiiing  to  some  writers  it 
be  .'IS  short  as  four  days.     The  infectiousness  of  the  compl.'tint  lM?gin» 
the  earliest  symptoms.     It  is,  indeed,  in  this  the  «irty  nonBpa«modic 
that  the  child  is  most  likely  to  be  a  source  of  danger  tfl  others ;  for«l 
the  whoop  ap|>ears  his  power  of  conununicating  the  tliaease   begins^ 
decline.     Still  it  is  not  at  an  end  until  a  period  of  at  leiist  six  wueki 
elajKscd  from  the  ln'ginning  of  the  attack. 

Morbid  Anatomy  and  Pathologry. — In  cases  of  death  dtuing 
of  pertOBBifl  the  principal  lesions  depend  upon  the  complication  vrhidi 


WHOOPING-COUGH 


573 


cd  the  fatal  issue.  In  the  uncomplicated  complaint  we  find  only 
n  with  hypersecretion  of  the  mucous  membrane  lining  the  inichca 
nchi ;  a  certain  antonnt  of  einphyseian  nnd  collapso  of  lutig,  due 
Tiolenco  of  the  cou^h  and  spasm,  and  swelling  of  the  bronehinl 
Von  Herfl",  from  laryugoscopic  observatioos  ma^le  upon  liiinself 
[an  atuiok,  found  that  in  the  cjuly  stage  there  were  traces  only  of 
in  the  pharynx,  larynx,  and  trachea  ;  but  that  in  the  convulsive 
e  cau-trrhal  inflammation  had  spicad  to  the  lower  surface  of  the 
&nd  to  the  mucous  membrane  of  the  arytieuoid  cartilages  and  of 
tilages  of  Santorini  and  Wri8l>er^'.  In  the  paroxysm  the  mucous 
me  beOAmo  dark  icd  and  covered  with  tran&i>JLrent  nnieus  ;  and 
ys  nolicc<l  a  yellowish  pellet  of  mucus,  the  size  of  a  pea,  on  the 
Or  wall  uf  the  larynx.  Lcuriaux  ha«  isolated  a  bacilhm  from  the 
secretions  in  this  complaint.  He  describes  it  as  a  short,  thick, 
rod  of  ovoid  form,  Grara-positive,  staining  well  with  aniline  dyes, 
©wing  rapidly,  at  a  temperature  of  ZV  C,  ufwu  bouillon,  agar, 
\  etc. 
conilition  of  the  blood  has  been  investigated  by  Frtilich,  Meunier, 
ers.  According  to  these  inquirers  a  leucot^yto«is  is  present  in  all 
ee  stages  of  the  disejiao.  It  is,  however,  most  marked  in  the 
smal  stage  and  shuws  at  that  time  a  high  percentage  of  large 
lytea.  The  leucocytosia  gradually  ceases  a«  the  disease  declines. 
exact  nature  of  whoojiing-uough  is  far  from  clejir.  That  the 
is  a  general  one,  of  which  the  catarrhal  and  nervous  symptoms 
direct  manifestations,  win  hanlly  bo  doubttMl.  'i'he  virus  aiVL-cLa  in 
ILir  the  pulmonnry  rmicous  membrane;  jind  the  peculiar  Hpasmndic 
Mid  whoop  are  usually  referretl  to  the  action  of  the  poison  upon 
pheral  ends  of  the  pneumogastric  nerve.  Bui  inhiliition  of  the 
ogaslrio  does  not  explain  fully  all  the  phenomena  of  the  disease. 
arc.  no  doubt,  cases  in  which  laryngeal  ?p;ism  may  be  due  lo  local 
n,  for  in  the  child  any  violent  cough,  such  as  that  set  up  by  the 
)  of  foo<l  or  liquid  into  the  larynx,  may  be  followed  by  a  whoop; 
,  in  some  children  it  6(Joms  likely  that  a  non-infectious  spasmodic 
may  be  due  to  exceptional  seuHitivene^s  of  the  uuicouh  membrane 
al>nut  the  glotti.s :  but  in  the  real  whooping-cough  the  nervous 
\  is  not  limite<l  to  a  more  laryngeal  simsm.  The  exciUibility 
child,  and  the  cmious  state  of  nervous  unrest  in  which  he 
s  thn^nghout  thr  atUick,  are  noticeable  failures  of  the  illness ; 
e  paroxysms  are  marked  by  a  general  agitation,  muscular  as 
1  nervoiis,  which  is  peculiar  and  (^baractoHstic.  This  general 
Dn  may  lind  expression  in  convulsive  attacks  which  leave  no  iU 
Uences  behind,  or  in  a  state  allied  to  tetany.  The  vomiting, 
hough  sometimes  perhaps  a  reflex  act,  may  also  Ix:  an  instance 
general  nenoiLS  commotion.  That  it  is  not  a  necessary  conse- 
of  laryngeal  in-itation  and  spasm  is  shewn  in  the  case  of  the 
\  cough  of   eidarged    bronchial   glands   which  is  not   followed  by 
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always  find  its  place  at  the  end  of  the  fit  of  coughing ;  iW3raeiim»  it 
occurs  at  the  beginning,  and  is  the  firat  ftign  of  the  coming  jiaroxyait 
This  curious  point  seomB  to  sliew  that,  in  such  ctvsoe  at  any  rate,  vomitu 
is  the  result  not  of  more  local  irritation  hut  of  tho  gvnernl  nvitl 
efiervescencc  which  is  so  chamctcristic  of  the  disease.  V 

Symptoms. — The  early  symptoms  are  mei*ely  those  of  an  wdiiurr 
cold  in  the  chest;  and  the  slight  elevation  of  lem|>erature  (wbtcb  «h«n 
stands  at  100^  or  101"  F.  in  the  evening)  is  that  common  Ui  the  hrginmnf; 
of  a  mild  catarrh.  As  in  or<linary  chills,  the  gastric  mucong  mom'inmc 
may  participate  in  the  derangement,  so  that  thn  {laticnt  is  dull  unH  languid, 
eatfi  little,  and  is  inclined  to  lie  about.  This  state  of  thingv  may  go 
on  for  a  few  days  or  several  weeks,  the  cough  growing  more  aad  nun 
troublesome,  especially  at  night.  Kxaminatiou  of  the  ^eet  rpVMli 
nothing  at  first ;  later  there  may  be  a  little  dry  rhonchut  bore  iid 
there  about  the  back.  Tho  greater  frequency  of  the  cough  at  ni^ 
should  excite  some  suspiciijn,  Jti  the  ilay  tlio  cough  may  stiem  of  litlle 
importinco  ;  but  after  bed  time  it  is  heard  much  0101*0  often,  unrl  i*  Umo 
apt  to  assiune  a  convulsive  chanictor  which  is  fjuite  absent  frtim  it  danog 
the  waking  houi-s.  It  may  be  preceded  or  followed  by  violent 
and  the  discharge  of  quantities  of  thick  muctis  from  the  nose. 

Ait«r  a  time  the  spasmodic  stage  begins,  and  pule  mi  end  at  ontrc 
any  uncertainty  as  to  the  nattu'e  of  the  child's  comphunt.     The  imtiiUhi 
cough  of  pertussis  is  too  well  known  to  nt^ed  description.     It  b\.: 
with  boisterous  violence  in  a  quick  succession  of  short,  shani  hack 
dniin  tho  chest  of  air,  and  allow  of  no  inspiratory  relief.     When  the  du^ 
rcddi8h-pur[)le  tint  of  tho  child's  face  shows  that  tho  supply  of  air 
almost  exhausted,  tho  inspiratory  muscles  come  into  play,  and  uir  in  dia» 
into  the  chest  with  the  vharacteristie  crowing  sounH.     The  }i  nu 

now  l>c  at  an  end  for  the  time,  but  in  bad  cases  the  lungs  .>  i- 

reHlleJ   than    the  cough   begins  again  ;  and  again  the  child's  tji' 
and  rethlens,  and  gmws  mure  ami   more  dusky  until,  when  he  ^f^-  ...- 
his  last  gasp,  the  spasm  once  more  partially  relaxes  and  a  new  supply 
air  is  taken  in.     In  this  way  all  the  dislreesiug  pheuonieiia  of  the  ntta 
may   I>e   repealetl,   perhaps   several   limes,   before   thf   child — wet   wi 
perspiration  and  40110   worn  nut — sinks  back  with  livid  lips  and  dt 
swollen   eyebds   in   his   nurse's   arms.     If  an   infant,  the  pnlieot   sJm 
heavily  after  the  attack  is  over.     An  older  child  may  return  to  hia  ph 
but  often  complains  of  hoadaebo. 

At  the  eni  of  the  fit  of  coughing  tho  patient  generally  vomitA,  *i 
sometimes  he  has  also  an  involuntary  action  of  the  bowels.  The  form 
symptom  is  of  some  moment,  for,  if  the  vomiting  be  fri»f|nently  rrp^nt 
it  may  make  the  work  nf  nourishing  tho  rhild  a  very  anxiou.s  am) 
one.  The  ejected  matter?  consist  of  the  fi3od  taken  mixud  wi' 
quantities  of  thick,  ropy  mucus.  This  mucus  comes  in  part  from  L 
lungs,  but  in  part  it  comes  from  the  atum^icb  ;  for  a  copious  flux  fmm  L 
stomach  and  bowels  is  a  common  fc:iturc  of  the  complaint. 

One  peculiarity  of  the  cough  is  tho  child's  eWdent  anxiety  to  sUv« 
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His  face  nil  at  onc«  tiikett  on  a  bait),  Bet  expression,  nith  fixed  eyes 
"  ^ijeil  iips  :  then,  as  the  desire  to  cough  l»ocorae8  more  und 
lit  \o  restrain,  his  cheeks  *^'ow  rod,  his  brows  contract,  unrl  his 
I  'U;ui  gets  iiioist.  Oft<n,  iis  the  eotigh  bnrslj*  out,  iherp  is  ji  cuiifius 
tuiiliition  o{  neivons  distress.  The  child  may  clutch  his  mother's  neck 
u\\\\\  ftjur,  or  shiver  as  if  with  cold,  or  stamp  ^ntfa  hig  feet  uixm  the 
grmnwl  a*  if  in  a  fit  of  mgo. 

During  the  access  the  pulse  becomea  very  rapid,  and  sometimes  chn 

Ik.'  counted.     Kxuniination  at  the  back  of  the  chest'  at  thiH  time 

ria  nothing  bnt  whccziny  sounds  so  long  uh  the  cough   hi-sts,  while 

in  ihi'  long  cn)wing  inspimtioii  nil  soiuide  are  loBt  in  the  noibc  of  the 

*bn«)p.     Between  the  attacks,  if  there  be  no  pulmonary  complications^ 

the  |R?rcu88iun  note  is  slightly  by jwr- resonant,  and  scanty  sonoro-aibilant 

rhoiiihiifl,  with  an  occasiomil  coai-sc  bubble  at  the  bases  of  tlie  lungs,  is 

j'  Milt  can   be   heani   with   the  stethoscope.     In  a  doublf\d  cjise  the 

I  contrast  between   the  insigniticauec  of  the   physical   signs  anfl 

[Uency  aud  violence  of  the  cough  is  by  no  means  without  its  value 

in  dugnutiiv. 

In  some  chihlren,  who  have  a  disposition  to  herniH,  thu  strain  oj  the 
courrh  may  cause  rupture;  and  the  intense  congestion  which  is  always 
imi:ice(]  when  the  cough  is  prolongeil  often  ends  in  hH*niorrl»age.  Little 
cfw-ks  in  the  lips  and  gums  invariably  bleed,  and  in  many  case*,  there  is 
tit  I  firhage  from  the  nose,  the  eyes,  the  mouth,  and  even  the  curs. 
I'.'-ii  from  the  mouth  comen,  jw  a  rule,  from  the  ptwterior  naies,  very 
rarely  from  the  lungs.  If  the  paroxysms  be  frequent  and  the  cough 
"olent,  the  face  may  remain  congested  in  the  intenals  Ixstween  the  attacks. 
The  eyes  arc  injected  and  bloodshot,  the  lids  discoloured  and  swollen, 
*'»'^1  the  cheeks  arid  lijm  a  dusky  red.  In  these  ca.-^os  it  is  common  to 
find  signs  of  subcutaneous  extmvasiition.  There  may  l>e  ecchymosis  of 
^he  <yjnjunctiva,  and  small  iKcmoiThagus  in  the  tluckened  lids;  or  if  the 
L^^in  hiive  been  unusuully  severe,  the  eyelids  nvxy  1«  mottled  pur|i!e, 
H^en,  and  yellovr,  and  the  sclerotics  stained  blood-red  with  the  exception 
^Bft  narrow  whit«  circle  rotind  the  cornea. 

HB  There  is  one  sign,  occasionnlly  present  at  this  time,  which  i»  very 
™^iTicteristic  of  the  roraj>hiint ;  this  is  a  suhlingual  ulceration.  The  sore 
J^  Suited  at  the  fneniim  of  the  Ifingiie,  and  may  roach  for  a  little  distJince 
**'>  wich  sid«  of  the  middle  line.  The  ulcer  is  only  seen  in  infants  ut  the 
^  Si""ing  of  dentition,  when  no  teeth  but  the  two  central  incisors  have 
'*'^''n  cut  in  the  lower  jaw,  and  is  duo  to  the  scrapiiig  of  thei^e  teeth 
*^**.inst  the  fnvnum  as  the  tongue  is  protnulcd  and  withdrawn  during 
f^«^  litruin  of  coughing.  It  is  never  seen  before  the  begiiuiing  of  the 
|HBLsiuorlic  stage. 

w^  Tiie  luunber  of  the  paroxysms  and  the  frequency  of  their  return  vary 
|«*«-tly  with  the  severity  of  the  attack,  and  jKirtly  with  the  deg!W3  of 
'**«3i,anent  shewn  in  the  management  ff  the  patient.  Quiet,  rest,  and 
r'^-^tiines  which  amuse  the  child  without  exciting  him,  help  to  reduce  the 
P**»iber  and  diminish  the  violence  of  the  seizures,  while  emotional    or 


other  distiirbancos  bring  on  his  cough  and  mercaso  the  worry  of 
nurvous  sysUm.  The  recun]l)cnt  position,  too,  seems  to  favour  the  pa 
of  the  i'oiigh,  jtntl  currents  of  air  paHaing  across  his  face,  e*peci 
(luring  s)ee|),  ui'o  apt  to  excito  it  at  once. 

In  ditlureiit  cases  and,  in(]eed,  in  diU'erent  epidemics  there  is 
variety  in  ihc  sevurily  uf  tlie  Hpiuma.     8omc  children  only  whofip  oca 
siunaUy ;    others  whoop  iiiceaaantly  and  with  Wolonce.     Young  udantM 
whoop  seldom,  often  not  at  all.     As  a  nile,  the  coughing  fits  are  \m^ 
at  the  hc^iniitng  of  the  spasmodic  stage  than  towarrls  ita  oud  ;  aii !   ' 
diminution  in  the  violence  of  the  cough  may  be  noticed  to  coinci- ■ 
an  inci-eJis«  in  the  tpwntity  an<l  t«n;icity  of  the  mucous  discharge    U 
ordinary  cases  the  apasmodic  stage  lasts  almut  a  fortnight.      TuvardB  llie 
end  of  this  8t;ige  the  whoop  only  accompanies  the  more  violent  fitt  d 
coughing,  and  is  noticed  witli  loss  and  less  frequency  until   it  ceaees  alti)- 
getber.     The  complaint  has  then  passed  into  the  stage  of  decline,  uid,  ii 
onlinary   prudence   be  shewn    by   the   child's  attendantei,  convaletMncc 
quickly   follows.     The  wfiole  time  m^cupied  by  the   attatrk  varic?  frnrn 
two  wooks  tfl  eight  or  oven  t<^n  ;  but  the  child  is  prolmbly  not  in! 
after«the  sixth  week.     In  all  cases  where  the  disatse  is  pruu-acted  > 
the  normal  piM-iod  seai'ch  must  l»e  made  for  adenoid  growths  in  tlir    ;  - 
pharynx.     It  is  my  ex|>orience  that  the  irritation  act  up  by  Uii!M  sv^- 
tiitioDS  is  often  the  cause  of  poi-sistence  in  the  cough  and  spasm  oflvtk 
wh<K)pifii,'-couj;;li  jiropt^r  is  at  au  oud. 

Complications. — In  the  course  of  whooping-cough  many  <xmi]>UcaU 
may  arise.     Gastric  disturbances  and  bowel  complaints  may  give  Crou 
serious    ner%'ou8   symptotus  oie  not  uncommon,  and   various   sec 
disorflers  may  attack  the  lungs  and  put  the  child's  life  at  once  iiitodung^r 

Disturbances  of  the  stomach  and  bowels  arc  the  commonest  of  rom 
plic:itioris.     The  vomiting,  if  it  be   kept  within  duo  bounds,  is  of  liuU 
importance ;  but  if  it  take  jjlace  with  each  access  of  cough,  and   this  '* 
frcijuently  repeateti,  the  difficulty  of  supplying  the  pitticnt  with  sntficirtit 
uourishraent  becomes  a  serious  one.     This  difficidty  is  incTCJUk.*d   by  th* 
copious  mucous  secretion  which  lines  the  walls  of  the  stomach  and  iute'* 
feres  greatly  with  the  digestion  of  the  food  retained.      In  such  a  st*^ 
slight  chills  are  danj^'eroas,  for   diarrhiea    is    easily  excited  ;    indeed,     * 
certain  looseness  of  the  l>owel8,  with  the  fmssago  uf  slimy  sI/»oIb  coniai^ 
ing  much   mucus  and  somoLimes  worms,  is  a  common  symptnm  of  ih^ 
disease.      Asa  ride,  intercurrent  looseness  of  the  lx>wul8  is  not  soriouR,  h\^ 
in  hot  weather  a  very  severe  watery  diarrhtea   may  come   on.      Thi^ 
while  it  lasts,  may  suppress  all   ]arynge:d  and  [ndmonary  symptoms,  a*^ 
Dr.  R.  J.  Ijee  has  pointed  out,  so  that  the  prebonce  of  whooping-«oit^  ^ 
may  not  even  be  suspected. 

In  neurotic  children  a  marked  rise  in  tera])eratiire  often  aocompanif^ 
the  development  nf  any  gastric  derangement.  In  uncomplic^tef]  whoirpl 
ing-cough  the  temperature  is  not  elevate<l,  at  any  rate  after  the  first  fc^ 
days,  so  that  any  increase  in  the  bodily  heat  may  be  taken  as  a  sign  c^ 
the  presence  of  some  disturbing  element.     Thits  however,  is  nut  necesaaril-Ji 
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if  a  dangerous  chanicter,  even  if  the  temperalure  rench   104^  or  105^  F. 
^iicb  a  heat  with  hcudachc  uitil  iiuiiseu,  iwrhafks  va^ue  bcKiily  [uiina  »ii<l 

^ unhealthy  motions,  nmy  ofton  he  quickly  relieved  by  a  dose  of 
oil 
Ncn'ons  accidents  arc  common.  Almost  invariahly  in  thi'  coui-sc  of 
kberliflcafic  ihc  child  is  notic&l  to  Imj  oxcitaltlc  and  timorous,  curiously 
inipresdk>nHbk\  antl  ejisily  stJirlled.  In  such  a  state  the  occurrence  of  a 
nervous  cumpUcation  is  not  Uj  \v&  wundcrei)  at.  In  young  childron  under 
two  years  of  ugc  wo  often  find  exaggemtiou  uf  the  laryngeoil  spafixu.  At 
:1»!  end  of  the  Tit  of  coughing  the  expected  wh<)Op  is  delayed,  and  the 
diiU  remains  with   open  month,  staring  eyc3,  and  haggard  duaky  face, 

tint:  agitiitetl  movements  with  his  arms  until  a  partial  relaxation  of 
glottis  allows  a  ctTtaiii  amount,  of  air  to  {penetrate  into  Iiik  lun^. 
This  complicHtioii  is  in  any  case  a  dangerous  one  ;  hut  if  it  be  condtincd 
vith  intlammatory  mischief  within  the  chest  the  danger  is  great  indeed. 
Sometimes  tiie  fifwism  \a  folh)wcd  by  a  state  of  more  or  less  complete 
»Yi)Cf>|>e  or  by  a  passing  loss  of  vision.  Severe  headaehe  is  not  tin- 
mmiDon  after  i\  pjiroxysm,  and,  according  to  Troitsky,  there  may  be 
trnpumry  dcjifneai;. 

The  L'Jcaited  nervous  sen.sibitity,  especially  if  combined  with  an  im- 
perfectly oxygenated  state  of  the  blood,  may  bo  a  cause  of  general 
wrinilsiona.  Convidaions  occurring  in  the  course  of  whooping-cough, 
■iithough  neceasarily  an  alarming  symptom,  are  not  always  «!angcrous. 
letimcs  occur  in  which  highly  neurotic  children,  the  suhjecte  of 
are  seized  with  CKUvulaiorif*,  and  on  these  passing  otV  seem  none 
tlte  worse  for  the  accident.  Some  of  these  children  may  bo  slightly 
rickety,  but  this  is  not  always  the  case.  There  can  be  no  doubt  that  in 
«^hooping<'ough,  as  in  rickets,  there  is  a  heightened  nervous  itupres^ion* 
'Entity,  and  thjit  in  such  a  state  even  slight  additional  worries  may  upset 
tift  twlauco  of  the  nen'ous  system.  Unfortunately  these  harmless  seiziires 
■re  the  exception,  and  not  the  rule.  \\\  nnjst  cases  an  eclamptic  attack 
Ui  the  course  uf  wh'>o ping-cough  announces  the  onset  of  some  dangerous 
^^plication.  In  this  way  convidsions  may  )«  the  earliest  sympt<mi  of 
^holism  of  cerebral  vessels,  of  cerebral  hiemon'hage,  of  thrombosis  of 
oiiacraaiul    sinxwes,  of    diffuse    collapse    of    the    lung,  or    of   broncho- 

i  iij  repeated  convidsions  may  have  dangemus  consequences, 

lo^evpr  tririing  the  cause  which  has  set  them  up,  I  hiring  the  convidsive 
ttock  the  strain  upon  the  bluodveswls,  as  shewn  by  the  turgid  stiite  of 
he  tuperficial  veins  of  the  face  and  neck,  must  be  very  sovcre.  If  this 
■•  prvdonged  or  frequently  re]ieated,  jis  must  happen  during  a  scries  of 
^attacks,  cerebral  ha!morrhage.  with  more  or  less  extensive  paralysis, 
*ay  enaue.  Or,  again, cerebral  hffimorrhage.directly  induced  by  the  violence 
f  the  access  of  cough,  may  precede  the  convidsions  and  l>e  the  immedijite 
KQse  of  them.  In  most  cases  of  the  kind  which  have  come  luider  my 
^tice  the  patient  has  been  deeplv  cyan(ise<l  during  the  fiaroxygm  of 
*i^  The  ffvmptoms  are  those  ordinarily  attendant  upon  intracranial 
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hiemorrhngo,  and  the  paralysis  may  l)e  pornmnent  with  Trusting  of  muela 
and  nj;idily  of  jointa.  In  other  cases  complete  recover)-  tiikes  place,  ud 
sometinii's  the  improvenietit  is  so  i-apid  that  it  is  dithctilt  tu  delievc 
the  symptoms  cuuld  have  been  due  to  a  blood-clot  in  the  brain. 

Many  varieties  of  nerve-lesion  may  occur  in  the  eonrse  of  whoopoiK 
cough,  and  thoir  pathology  is  often  oWure.  Troitaky,  in  an  int«rotin( 
paper  on  this  stibject,  speaks  of — (i.)  Henjiplegia  or  n  n 
paralysis  ;  (ii.)  a  form  of  |).«ychical  blindnesH;  (iii.)  wcjiknessan 
tvalking  ;  (iv.)  tmrinitory  paralysis  in  all  the  limbs  :  (v.)  loea  or  dn 
of  sensibility.  I  ha^e  seen  a  tempomry  jMUcsis  of  the  Diuacleaof 
tioa  in  a  teething  baby  of  four  montba  old  who  was  nearing  the  em 
of  an  attack  of  pertussis.  The  child  had  previously  bad  threv  lib 
not  followed  by  ill  consequences.  The  paroxysms  of  cough  irrtr  uo 
violent,  and  there  was  no  twi.sting  inwards  of  the  thnml>fl  or  other  u^o 
nervous  worry  although  the  child  was  cutting  the  upper  inci#fjr".  0? 
power  of  swallowing  returned  after  twenty-four  houro.  In  ano;' 
a  little  girl  of  two  yeai-s  w.'is  seized  with  fits  of  maniaod  farj'  and 
for  some  weeks  as  if  completely  distraught.  She  lost  her  sigbu  tua, 
a  time  but  !his  eventually  retun)e<l.  The  jiatient  left  the  hospital 
the  whooping-cough  wa»  at  an  end  and  yra^  lost  sight  of,  but  uu  her 
charge  she  was  Htill  subject  to  the  maniacal  attacks.  The  child 
always  been  normal  iHtfore  this  illness  and  there  was  no  family  iici 
history.  Moebius  has  recorded  a  case  of  pertussis  complicated  byuoodj 
ing  paralysis  in  a  child  of  three.  The  weakness  came  on  towards  ^Xwm 
of  the  illness,  and  uffectod  first  the  legs  ;  then,  as  these  improved,  ih 
arms;  afterwards  the  nuiBcle^  of  the  neck;  and  Hmdly  the  diapbrngm,! 
that  respiniiion  was  conducted  entirely  by  the  alKlominal  and  intereoitl 
muscles.  In  the  pirts  affected  the  retlcxes  were  lust,  but  si-risibilily  wi 
preserved,  and  the  electrical  excitability  was  normal  There  was  i 
Atrophy  of  muscle  or  atfeetion  of  the  bladder  or  rectum.  The  cam  wbA 
in  rapid  and  complete  recovery,  and  Moobius  attributed  the  B\inptoiixi 
a  multiple  neuritis.  Owes  have  alsi?  Iwen  {Hiblishod  by  Stirmay,  8[»rl 
and  others,  in  which  nervous  symptoms  precodiog  the  whnopiag>«ciU{ 
were  much  itit^itnsitied  by  the  attack. 

Aphasia  sometimes  occurs,  and  is  nsiudly  combined  with  hetniple^ 
but  Troitsky  refers  to  one  case  iu  which  there  were  no  detinit<i  ayu 
toms  of  |uraly8i«t,  and  to  others  in  which  these  were  ill-defined.  T 
condition,  in  fact,  might  1>e  compared  to  that  met  with  s(;metinieB  «k^ 
end  of  enteric  fevor.  I 

Although  mechanical  strain  upon  the  blood-ve^seU  is  often  the  dm 
cause  of  cerebral  lesions  it  is  not  always  Juring  the  height  of  the  pi 
oxysms  tliat  these  accidents  happen.  Oft^jn,  indeed,  they  arc  first  notio 
only  when  the  complaint  is  in  its  decline,  or  even  noaring  it«  close, 
such  cases  their  nature  is  not  very  clear,  but  similar  ner\-ous  mnnifcst 
tions  have  been  found  after  other  infectious  fevers,  and  it  seetna  pn^Ml 
that  they  may  be  caused  by  toxins  which  net  up  inflamittfttory 
iti  the  central  nervous   system  or*  as   Leroux  has  suggested. 
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oiau  of  the  blood-vessels.  According  to  A'alontin,  childron  between 
iKe  ages  of  two  and  six  yeui's  are  most  oubject  to  misfortunes  of  this 
nimre. 

Tlie  piilmoiijiry  lesions  fonn  a  verv  important  group  of  eonijiiications, 
ft  it  is  to  these  accidents  that  d&ith  may  usually  l*e  attributed.  One  of 
the  must  common  of  these  is  colla^ise  of  the  lung.  In  every  case  where 
the  jalient  is  very  young  and  tlie  sjiasm  violent,  pulmonary  collapse  is 
to  be  tearcd.  for  nil  the  conditions  which  favour  the  lesion  are  present  at 
thfl  Fame  time.  At  the  end  of  ever)'  prolonged  paroxysmal  cough  the 
liin^  are  almost  exhausted  of  their  air,  the  thick  mucus  in  the  tubes 
•)t!er>  an  ol)Stacle  to  their  re-oxptinsioii,  and  the  conset|uent  state  of 
mimiiliLr  and  nervous  exhaustion  seriously  wejikens  the  ifis])iratory 
fwwer.  A  healthy  infant,  however,  may  still  continue  to  cai*n'  on  the 
rapirttory  function  sufficiently,  although  not  without  effort ;  l>nt  if  the 
cKild  be  the  subject  of  rickets*,  reinflation  of  hiiig  under  such  conditions 
tml  with  fiofteiied  riljs  is  often  inijwssiblc.  In  young  infants,  if  the 
liulnioiiary  collapse  be  extensive,  its  occurrence  is  often  indicated  by  a 
Fouvtilisjve  ht;  or  even,  if  the  ar&v  affected  be  a  very  large  one,  by  sudden 
•Icnth.  In  ordinary  cases,  where  the  collapsed  area  is  of  more  moderate 
tJtteiit,  the  infant  becomes  suddenly  still  and  cold:  his  face  is  dull  whitCj 
fiii  lipB  and  eyelids  are  purple,  his  breathing  is  rapid  and  very  shallow,  and 
^i^tmres  act.  The  skin  is  often  clammy  and  moist,  ;ind  the  internal 
UDi}.erature  is  low.  The  child  cjui  only  be  fed  with  difficulty,  for  he  is 
'itiwilling  or  tumble  to  swallow.  He  may  die  suddenly  from  8yncot>e,  or 
«l»wly  from  gradual  extension  of  the  coUapsed  area.  Often  the  end  is 
pretedod  by  a  convulsive  fit  In  children  beyond  infancy  the  effect  of 
rnliMmary  collapse  is  less  severe.  The  ]}aticnt  is  stronger,  and,  more- 
OTW,  t  snudler  area  of  lung-tissue  is  involved.  The  younger  the  child  the 
p«H«r  the  depression  and  the  more  jtronouneed  thu  signs  of  deficient 
«nitioD  of  the  blood  ;  but  at  any  age  the  complication  is  one  to  be 
ed  with  some  anxiety. 
While  in  infants  collapse  of  the  lung  is  the  common  complication,  in 
of  eighteen  months  and  upwards  bronchitis  and  catarrhal 
ia  are  the  chief  intercurrent  lesions.  These,  no  doul?t,  arc  the 
Hence  of  a  chill  which  canses  extension  of  catarrh  to  the  smaller 
and  alveoli  of  the  lung.  As  long  as  the  bnjhchitis  Is  comparatively 
^d  the  wlioop  continues,  and  the  8)Tnpt*)ras  generally,  witli  the  excep- 
of  a  moderutu  rise  of  temi«rature,  remain  much  as  before.  In  a 
^  brotichitis,  however,  the  whoop  is  supprt^ssed,  and  all  the  symptoms 
P^\*t  pulmonar}'  catarrh  immediately  manifest  themselves.  If  broncho- 
^'^ttlonift  suix'rvene  it  is  apt  to  occur  in  the  suliacute  form  ;  and, 
}.^^^^  necessarily  a  dangerous  complication,  may  end  favourably  in  a 
'r|"'^  <jf  fairly  good  constitution.  In  the  pneumonia  the  whoop  is  gener- 
J  Biippresaed,  but  it  may  happen  that  larj'ngewl  si>Hsm,  with  or 
modified  whoop,  persists  in  the  fits  of  coughing  in  spite  of  the 
enoo  of  the  complici*tion.  Tliis,  it  is  needless  to  say,  a<lds  greatly 
d&nsor  of  the  case. 
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Although  caciirrhiil  paeunioniu  is  the  common  form  of  influnmiliaai 
of  the  lung  met  with  in  pertussis,  ctou}xiiis  itncmuonia  nmy  occur.  Iii 
onset  is  often  accompnnic<l  by  Anolont  and  perhaps  repeated  convulaoin, 
}>ut  the  course  of  this  foiro  of  pneumoiiiii  is  comparatively  )>rief,  so  )iat,| 
although  the  (uitient  inuy  seem  fur  a  time  to  1>e  in  extreme 
recovery  is  by  uo  means  impossible. 

The  pulmonary  emphysema,  which  is  almost  invariably  present  in' 
upper  lobes  arid  anterior  borders  of  the  lungs,  is  of  little  moment ;  ev«ii 
the  snuiUer  tubes  participate  in  the  dilatation.     The  condition  is  proK^ 
ably  but  a  temporary  one,  and  muy  Ix)  exjK»ct«<i  to  subside  after  cm- 
valescenco  has  liecn  established.      It  may  happen*  howo%'er,  tbjit  iu 
access  of   very  violent  cough  an   over -distended  air-cell  may  ru| 
and    air  be   extravasated    into    the   liubpleund   tissue:    tbeuoo  it 
make  itti  wiiy,   by  the   urt'oUr  tissue  of   the  aiiteriur  mediusiinum  Aai 
beneath  the  docpor  ceivical  fa^t'ia,  to  the  sul>cutdiieous  tissue  of  the  \\c<\ 
the  chust,  the  arms,  thu  f.ic*?,  an<l  oven   the  eyelids.     All   ihww  eiiCTw 
puns  are  swollen,  soft  to  the  touch,  and  on  pressure  give  the  crcpiutui 
sensation  so  characteristic  of  surgical  emphysema. 

Acute    parenchymatous    nephritis   is  an    occasional   complicatitm 
whooping-cough,   and   accoiiiing   to    Stefano    Mircoli    lias    Iweti  kno* 
to  occur  in  no  less  than  12  per  cent  of  the  cases.     This  observer  att 
butes  the  lesion  to  venous  stajsis  caused  by  the  o1>struction  of  the  vi 
cava  thi'ough  the  violent  paroxysms  of  coughing. 

Sequels. — There  are  certmn  consc<]ucnces  of  pertussis  which  Tosf 
give  trouble  aft«r  the  disease  itself  is  over.  A  constitutional  tcndro 
previously  dormant  may  be  roused  into  activity.  Thus,  strumous  child 
may  begin  to  sutler  from  glandular  enlargements  and  chronic  disclt 
from  which  hitherto  they  had  been  free :  acute  genendised  tulwrruU^ 
m^iy  come  on — exciteil,  perhaps,  by  the  softening  of  a  casetiits  gl&nil 
together  with  weakened  resisting  power  of  the  tissues  against  tlw 
in^'aaion  of  the  microbe;  and  syphilis  for  the  first  time  may  give  sig» 
of  its  presence  in  the  system.  Enlarged  bronchial  glands  are  a  commoQ 
consequence  of  an  attack  of  whooping-cough,  and  chronic  pulmotiorj 
diseuses — such  its  chronic  bronchitis  with  emphysema,  asthnui,  cUnmic 
intei'stitial  pneumoniaj  and  pulmonary  phthisis — not  seldom  owe  their 
origin  to  this  source. 

The  nervous  excitability,  so  chamctoristic  of  pertussis,  does  aoi 
always  RMK<tide  when  the  disease  itself  conies  to  an  end.  Young  children 
may  sutfer  from  laryngismus,  the  laryngeal  spcism  pei*5isting  and  tv 
curring  irregidurly  without  ct»ugh.  In  most  of  tliesn  cii«4*r  adenoid 
vegtiUtions  will  be  found  in  the  imsopharyux.  Older  children  may  be 
left  unusually  timid,  spiritless,  and  disposcil  to  groundless  hUthu. 
They  cry  without  reason,  Mud  arc  peevish  and  fretful  at  the  merest 
trifle.  Generally  they  are  afraid  of  the  dark,  and  even  in  daylight 
c^n  hardly  bear  to  l»e  left  alonu.  These  signs  of  an  unsettled  nerrotn 
system  may  go  on  for  months,  although  in  other  respects  the  child  seems 
perfectly  well.      Often,  however,  the  symptoms  Arc   kept  up  or  even 
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Dude  wone,  by  a  gaatro-intestinal  <ltimngomcnt  which  I  hnvo  elsowbere 
(irtcribed  under  the  name  of  "  mucous  discaao  "  (15). 

PerlUMis  is  so  especially  a  complaint  of  ihildhood  that  its  occurreuco 
ill  ailtUt  life,  if  not  very  uncommon,  is  always  unexpected.  It  may, 
however,  be  met  with  at  any  age,  and  is  invariably  a  tedious  malady, 
binusing  alike  to  the  sufferer  and  to  his  medical  attendant  In  its 
Buun  features  the  diseikse  is  the  same  whatever  the  age  of  the  patient ; 
1ni  after  the  period  of  childhood  eomplieations  arc  rare.  There  is  the 
«me  violence  of  cough,  and  the  nervous  aptJition  dtiring  the  paroxysm 
Is  (jften  very  evident ;  hut  the  apasm  is  Ii-ss  cticrgetio,  and  gives  way 
Bort*  easily,  so  that  the  whoop  is  not  often  heai-d.  Vomiting,  too,  is  less 
wmmoii,  although  sometimes  tlie  patient  may  reteh  at  the  end  of  tlie  fit 
<rf  coughing.  The  chief  complaint  is  of  disturbed  i-est  at  night,  owing  to 
itu*  violence  and  fre^iuency  of  the  paroxysms. 

Dla^osls. — In   the   early   period   of    the  attack   it  is  not  easy   to 
'i'i::uish   hetwpen   pertu&ais  and   ordinary  tracheitis  or  a   pulmonary 
'    rh.     The  whoop  is  not  a  constant  feature  of  the  illness:  it  is  not 
'  "i  until  the  cough  is  fully  develojMx!,  and,  indeed,  in  many  caHes  is 
i'tvtjr  heard  at  all.     Mor<K>ver,  in  the  child  larvngejil  irritation  may  set 
up  a  c«rtain  amoiuit  of  8{>a8ro,  so  that  a  crowing  inspiration  at  the  end  of 
s  cough  niuflt  not  always  Iw  taketi  to  imply  that  the  cnni[ilaint  is  iwrtnssis. 
Ai;ain,  vomiting  is  not  a  test  symptom,  for  it  is  as  often  absent  a-s  present. 
O'lr  diagnosis  must  rest,  therefore,  upon  the  general  characters  of  the 
<^Ugb  itself,  especially  ui)on  ila  gradual  development,  and   not  upon   the 
pwawwc  or  alwence  of  one  or  two  accidental  phenomena.     The  cough  at 
*bc  first  is  mild  enough,  but  as  the  days  pass  it  gets  more  and  more 
fi"«Itiprit  und  less  and  leHS  ea«y  to  control.     The  most  striking  feature  is 
't^  stjfldeiuicss.     It  bursts  out  and  cannot  be  restrained  ;  and  as  it  goes 
""1  the  chocks  and  eyelids  grow  more  and  more  congested  and  red.      If  a 
rhild  be  said  to  cough  until  he  is  red  in  the  face  we  should  always  think 
"f  tills  complaint.    Again,  an  airly  sign  of  pertussis  is  the  freijuency  of  the 
fou^h  at  night.     If  a  child  coughs  much  more  in  the  night  than  he  does 
in  tlie  tbiy,  it  i»  to  [wrtussis  that  our  thoiight8  would  iiiiturally  inni.    The 
night  ctnigh,  too,  is  often  more  chai-acteristic  than  that  which  is  heard 
irhilc  the  child  is  up  and  about.    The  mother  should  thei-efore  be  directed 
to  notice  if  at  night  the  cough  be  |)rolongod  or  convulsive  in  character, 
*rirj  if  the  child  seem  at  all  cjchausted  by  it,  or  have  difliculty  in  get- 
ting hia  breath.     Another  point,  which  in  an  uncomplicated  cjise  should 
open    our   eyes   to   the    reul    nature    of   the    com]>laint,   i."*   tbe   trifling 
character  of  the  physical  signs.     We  bear  that   the   patient's  cough  is 
incessant  and  distressing,  and  that  at  night  his  rest  is  continually  bi-oken 
by  the  frequent  return  of  the  jiaioxysnis.  but  on  examination  of  his  chest 
we  can  fiml  no  more  than  a  little  sibilant  rhonchus  here  and  there  about  his 
bftck.     This  al>scnce  of  physical  signs  is  a  very  characteristic  feature.     In 
cttUrrhal  pncunioina  the  couj;h  may  be  violent  and  prolonged,  but  the 
physical  signs  shew  the  pulmonary  lesion,  while  the  historv  and  general 
ptoms  of  the  case  exclude  whooping-cough  as  its  cause.    So  also  when 


the  broiK'hitil  glands  arc  enlarged  the  cough  may  he  spasmodic  uud 
ill  jmroxysms,  but  the  general  -iymptonis  and  eigus  of  pressure 
the  coiidilion  hetug  confotuided  with  whfMjping-cougli. 

n  conuilsioua  occur  it  is  very  impottant  to  dcci<le  whether 
depend  upon  the  general  nervous  irritubilily  or  are  BymptoniHtic  t4 
serious  complication.     In  the  latter  cumc,  if  the  complication  be  au  ult 
of  aculQ  bronchitis  or  pneumonia  the  temperature  become*  febrile, 
the  spcciHl  physical  signs  will  Ikj  discovtred  in  the  chest :  at  the 
time  the  aposmotlic  character  of  the  cough  !>ecomca  very  much  mol 
If  collapse  of  tito  lung  have  occurrecJ,  the  signs  and  symptiims 
Hint  lesion  may  lie  detected.     Sf)  atno  if  the  complicjition  be  a  cei 
one,  evidence  of  the  lesion  will  l>c  'juickly  forthwjming.     If  the  com 
arise  in  a  neurotic  child  from  gastric  distuibance  acting  upon  a  DC 
83'Btem   rendered  )jy   the   complaint  exceptionally   sensitive    to  exi 
impressions,  or  if  it  he  duo  to  partial  aapbyxia  in  a  highly  nervous  sul 
the  eclamptic  attack  follows  immediately  upon  the  cough,  and 
quickly,   leaving  no  ill  consefjuences  l>ehind.      Squinting,  drowsii 
stupor  left  after  the  fit  arc  especially  ominous  symptoms,  as  thcv; 
betoken  the  occurrence  of  thrombosis  of  intracranial  sinuses. 

Progrnosis. — The  mortJility  of  whooping-cough  is  hi^'h,  but.  (ar  hijj 
than  it  neixl  be.  The  chief  dangers  of  the  complaint  arijio  from 
occiurenco  of  convulsions,  of  bronchitis  with  collapse,  and  of  cat 
pnunmonia;  but  with  projier  caro  in  the  mattagenient  of  the  child 
dangers  may  for  the  most  part  Im;  avoided.  It  is  true  that  if  the 
be  an  infant  with  softt*ued  ribs  fr^nn  rickets,  the  danger  of  colU] 
really  great;  and  it  may  Ik*  rpute  out  of  our  power  t*»  avert  a  fatal  wT 
In  oixlinary  cases,  however,  judicious  precautions  will  cairy  the  chi 
safely  through  the  attack :  for,  as  a  rule,  w  hen  children  die  in  perro* 
they  die  from  a  i>erfoctly  avoidable  complication  ;  and  this  compile 
too  often  lakes  the  shape  of  an  inflammatory  chest  afl'ection  dil 
induced  by  sending  the  child  out  of  doors  into  the  cold.  As  a  ni 
long  as  the  fliseaso  remains  t^imple  the  prognosis  i«  favourable ;  but 
are  certiiin  conditions  which  may  plai'c  the  ]>aticnt  at  a  disadvant 
these  must  not  he  overlooked  when  we  are  estimating  the  chain 
recovery.  Thus,  in  ver}'  yoiuig  babies  collapse  of  the  lung  is 
induced,  and  on  this  accotuit  pertussis  duiing  the  lirst  monlUs  of 
always  to  l»e  reganled  with  an.xiely.  Again,  a  highly  neurotic 
ment  is  nut  a  favoutiible  prei>aration  for  a  complaint  which  has  ft  di 
disturbing  influence  upon  the  ncrvone  system  ;  and  these  casec,^ 
demand  especial  care  in  tlieir  management.  The  course  of  wh< 
cough  is  also  aircetc<l  by  the  presence  of  a<lonoiil  growths  in  the 
pharynx.  The  irritation  set  up  by  tliese  vegetations  may  bo  «tl1 
greatly  to  increase  the  intensity  of  the  sjiasra,  and  |n-oKd>Iy  also  to 
tiun  the  nervous  element  in  the  cough  for  weuki*  lugciher.  Most 
cases  of  protract4>d  whooping-cough,  or  of  a[i()ai'ent  reUi|»so  after  rc< 
are  met  with  in  children  who  are  truubloi  with  the»c  vegetations. 

The  occurrence  of  any  complication  adds  much  to  the  gravity 
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cue.  Great  agitation  and  excitement  on  the  approach  of  the  access  of 
it  nr  extreme  cyanosis  during  its  conrse,  make  ns  feur  the  onset  of 
I  .^ions.  Should  ail  eclanipiiu  attack  oi-cur,  we  scan  very  narrowly 
tbc  coiuiition  in  which  the  putiont  i."*  left  when  the  fit  is  at  atk  end.  If 
he  mtm  contented  and  cheerful  there  is  so  far  no  cjuise  for  anxiety  ;  but 
il  he  he  drowsy  and  stupid,  or  flhow  any  ftpeoial  sign  of  ccrebrsd  lesion,  or 
if  be  lie  pale  and  still  with  active  nares  and  quick  Hballow  breathing  from 
cnlUpau  of  lung,  death  is  almost  ceitairi.  Convulsions  which  usher  in  a 
[iQt'umonic  complication,  even  although  rei»cated  and  violent,  ai-e  rarely 
imaedinlet}'  fut^t,  and  if  the  lung  inttamniation  he  of  moderate  extent, 
the  case  may  still  end  favourably.  lijiryn>^ismuR  stridulus,  with  extensive 
brimcbopneumonii  or  serious  bronchitis  in  a  lickety  subject,  must  excite 
(HIT  jmivest  apprehensions.  With  i^egard  to  the  likelihoo(3  of  recovery 
hum  the  paralytic  consef|uetices  of  the  coinjjlaint,  Charles  I^roux  has 
f')UU(i  tliat  the  older  the  patient  wiien  attacked  the  better  his  chances 
l-ccotne.  Infants,  if  they  do  not  die,  are  apt  to  reUiin  some  degree  of 
|«enn.'uieiit  pjindysia,  l)nt  in  later  childhood  the  prospects  of  the  patient 
imjuove  with  his  years.  Still,  the  prognosis  is  always  serious  for, 
Mconling  to  Valentin,  taking  all  ages  together,  only  10  per  cent  of  the 
■MM  make  a  complete  recovery. 

Treatment  ^In  onler  to  guide  a  case  of  whooping^iough  to  a  favour 
aMi!  ikfiiie  we  nuist  do  our  best,  while  promoting  the  healthy  nutrition  of 
i(ie  jvuieiit,  to  waiyl  off  the  complications  to  which  the  chief  morlality  of 
ihe  disease  is  dnc.  We  must  remember  that  the  mucous  membranes  are 
iilr&Mly  in  a  state  of  catarrh,  and  therefore  highly  suscejjtible.  to  changes 
of  t«n[»erature,  and  that  to  send  the  {Kitient  daily  nut  of  doors,  with  little 
fftjarrj  to  the  state  of  the  wcatlicr  (as'ia  so  ofton  done),  is  hartlly  the  wity 
^  keep  his  chest  free  from  grave  intercurrent  disease. 

Tiic  best  way  to  shorten  the  attack  and  prevent  the  onset  of  compliea- 
isis  ^:)  conHne  the  paiiunt  strictly  to  two  rooms,  and  to  keep  him  both 
tUy  and  night  iu  a  properly  medicated  atmosphere.  The  tempci*ature  of 
tW rooms  should  !«  maititjiined  as  neiuly  as  [tosBible  at  G5  F.  ;  and  if  the 
s  ilo  not  communicjitc,  the  child  mu.st  he  earned  from  one  to  the 
ler  wrapped  from  head  to  foot  in  a  bl.inkft.  The  air  can  be  nwjdicjitetl 
various  way*!.  Creosote  or  ctu-alyptus  oil  may  be  volatilised  from  a 
saucer  placed  over  a  spirit  lump  ;  a  solution  of  carliolic  acid  (one 
iri  thirty  of  water)  may  be  vajx)rised  by  means  of  Dr.  K.  J.  Lee's 
lUam  flraft  inhaler";  or  sulphurous  acid  may  be  diffuswl  through 
room  by  burning  small  sulphur  pastilles  at  short  intervals.  In 
ildpen  who  are  old  enough  to  follow  directions  other  topical  remedies 
■^y  Iw  used  in  addition.  Thus  a  3  per  cent  solution  of  salicylic  acid  or 
Tcin  may  be  sprayed  for  one  uiinnte  int^j  the  child's  throat  every  two 
three  hours  while  he  inspiies  deejily.  The  spray  is  far  more  useful 
't'wn  the  brush  for  applying  remedies  in  this  complaint  The  latter 
*^iaily  excites  the  utmost  alarm  and  annoyance ;  indeed,  the  mere  sight 
^'  it  is  enough  with  most  children  to  bring  on  a  paroxysm  at  once. 

\VTulc  the  fever  lasts  the  patient  should  be  kept  in  bed  :  aftenvards 
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be  may  be  allowed  to  dress,  but  miist  still  renmin  in  the  tnedioial 
atmogpliere,  at  any  rate  until  the  BpaHmotlic  stage  hjis  come  to  an  ewi, 
^Nlion  ho  Icavofi  a  room  the  windows  and  doors  should  nt  once  be  ihiwre 
open  so  that  the  iVciih  air  can  ent4;r  freely  until  the  time  comes  to  van 
and  raedicuU;  the  room  again  fur  the  ebihra  return.  By  this  qmbi 
the  dificase  is  iroate<l  topically,  while  complications — at  any  rat«  lodt 
as  arise  from  chill — are  guaixled  against.  To  diminish  still  furtlar 
the  risk  of  culd  it  i»  well  for  a  time  to  forbid  a  liath,  or,  indeetl,  ur 
washing  of  the  child's  Irfnly  ;  for  few  chilrlron  with  whooping*«ougb  cin 
be  suhmitti^d  without  danger  to  the  expl^stlrt•  involved  in  an  ordimry 
nursery  bath.  The  dress  should  be  wai-m,  e8i>eciaUy  over  the  chwt,  sod 
it  is  adWsablo  to  keep  this  part  covered  with  a  layer  of  cottonwool.  Tb« 
child  riiiiHt  1h!  amused  with  unexciting  games,  and  it  is  )tetter  not  to  toH 
him  with  lessons,  at  any  rate  until  convfdescence  is  well  advjuicwl  la 
regulating  his  diet,  foods  which  promote  fermentation  and  acidity,  sui-h*! 
potJitues,  farinaceous  pudilingK,  jams,  and  fruit,  are  hetter  avoided.  Tlwiw 
things  make  the  child  Hatulcnt  and  unciisy,  disturb  hia  rest  at  night, 
increase  the  fluster  of  his  nerves. 

In  addition  to  the  topical  irwitmcnt,  internal  remerlies  sfaonli! 
given  to  allay  nen'ous  irritJition  and  reduce  spasm.  The  dnig  upon  wl 
above  all  others  1  am  wont  to  rely  is  the  butyl-chloral  hydrate  given  v 
doses  of  one  gniin  every  two,  three,  four,  or  six  houn>,  according  Ut  t^' 
age  of  the  chilrl.  It  may  Ix?  usefully  combined  with  double  the  quantil 
of  bromide  of  potassi»un.  Another  favourite  remedy  is  the  sulphate 
zinc  in  doses  of  one-sixth  of  a  grain  (for  a  child  twelve  mouths  old)  giv 
with  half  a  drop  of  liq.  atropime  sulphatis  (KV.)  twice  a  day  for  thr 
days ;  then  even,"  six  hours  for  three  days  longer ;  afterwards  wi 
increasing  fretptency  uutil  slight  dilaUition  of  the  pupil  is  noticed.  It 
advisable  to  keep  the  pupil  thus  dilated  for  at  leiist  a  week.  Antipvr 
is  preferred  by  some  practitioners ;  it  is  given,  in  doses  of  one  gndn  f 
every  year  of  the  child's  life,  every  four,  six,  or  eight  hours.  All  tie 
reme<lics  have  a  vcrydecidcfl  influence  in  rc^lucing  the  spasm  and  sborte 
ing  tlie  atUick,  and  will  be  found  quite  suflioicnt  by  most  pnu;tical  ai 
Many  others  may,  however,  be  given;  indeed,  the  whole  list  of  SQ 
spasmodics  and  sedatives  is  open  to  the  prescribor  if  he  wish  for  variH 
This  class  of  remedy  is  Co  be  resorted  to  directly  the  comphiint  is  root 
nised  as  whooping-cough,  and  is  of  especial  valtie  at  an  early  period 
the  illness,  .\s  we  approach  the  end  of  the  spasmodic  stage  there  s 
two  other  drugs  which  have  grwit  value  if  the  spasm  be  slow  to  via 
Those  are  ipiinine  in  full  doses,  and  the  liipiid  extract  of  grindelia.  J 
the  foiTnor  one  grain  may  Ik?  given,  with  one  of  antipyrin,  twiou  n  d^ 
a  child  of  one  yetirold,  and  one  grain  of  each  may  be  added  for  eve 
year  of  the  chil<l's  life,  luitil  u  dose  of  five  grains  ift  r4*acbed.  T 
quantity  of  the  grindclia  extract  to  be  given  to  an  infant  is  fifteen  dr« 
every  four  hours.  Kilher  of  these  will  usually  makfl  an  immedii 
impression  upon  the  compbiint.  At  tlic  same  time  it  must  be  rcme 
bered  that  obstinate  oases  are  mostly  met   with  in   children 
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irouUed  with  naso-jiharyngeal  vegetations.  Search,  therefore,  should  bo 
nui4c  for  a«lenoid  growths,  so  that^  if  present,  they  may  he  removed 
«iihiiiit  tinnecewuiry  clelay-  C'onrit^r-irntJilion  of  the  chest  is  usually 
wi\T«^l,  aiid  is  greatly  relied  upon  as  a  domestic  remedy.  It  is  no  doubt 
o!  nTvice  if  pulmonary  catarrh  he  well  marked,  or  there  be  a  tendency  to 
(i'lUp^  of  lung. 

Any  complication  which  may  occur  should  receive  early  attention. 

Excessive  vomiting  may  be  controlled  by  snvill  doses  of  cocaine  (one-sixth 

oTAgniin  twice  a  «lay  lo  a  child  of  rme  ye^r  (»ld).     It  may  be  remarked 

here  tlmt   in    bad    cases,  M'hen    vomiting   is    frequent  and   distressing, 

idv»ntage  ehould  always  be  taken  of  the  temporary  lull  which  follows 

thp  fit  of  retching  to  adminiator  foo<l      At  this   timo  nourishment  is 

iirj,'etitly  required ;  the  stomach  is  freer  of  mucus,  and  a  longer  lime  is 

auiUbIc  for  digestion  before  the  next  lK>ut  r>f  coughing  sets  in.     If  the 

WeUhe  loose,  a  dose  of  castor  oil  will  usually  set  them  right.     Excess 

f  ^n.t>TO  or  unwonted   ncr\-ous  excitement  may  often    be  checked   by 

ti   '111  and  the  bromides  ;  and  immediate  relaxation  of  the  glottis  usually 

*oUowa  the  dipping  the  child's  hands  into  cold  water.     Convulsions  and 

the  pnlmonary  complications   must   receive   early  treatment,   and   any 

temporary  weakness  or  tendency  to  ayruwipe  must  be  ctimbated  by  free 

*'iniuUtinn.     During  convalescence  a  change  to  a  dry  bracing  air  is  of 

^reat  advantAge  in  calming  nervous  excitement  and  restoring  strength. 

Eu.sTACE  Smith. 
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-      MUMPS 

By  EcbTACK  Smith,  M.D..  F.B.C.P. 

Synonvms. — Lat,  C\f\kanclit  jtfirotttlfra,  Parotitic  epidrmira ; 
Fr.  Les  orHlhui ;  Germ.  Zifffenf>etn\ 

Mumps,  or  contagious  [Mrotitis,  is  one  of  the   milder  specific 
Anil    occurs  for  the  most   part  in  epidemics.     It   is  most  com 
children  >)etween  the  ages  of  four  and  fourteen,  but  is  seen,  althou^ 
ofton,  in  older  [wreons.     The  liisordor  is  a  highly  contagious  ones 
although  a  cjiuae  of  coiisideirtble  temjwniry  discomfort,  is  mrely  danj 
to  life.     Still,  ns  consequences  of  a  more  or  less  serious  nature  ma] 
from  it^  it  is  unxvise  to  treiit  even  slight  cases  with  indifference 

The  incubation-[>eriod,  according  to  the  report  of  the  Clinica]  8 
(H),  may  vary  from  fourteen  days  to  twenty-five;  but  Dr.  1 
Dougi.-is  has  reiwrted  a  case  in  which  the  disorder  only  decbired 
on  the  twenty-ninth  day  afu?r  the  list  expt>siire.  When  the  coi 
begins  it  is  infectious  from  the  very  first,  aud  win  lie  comnii)nicate<l 
the  [latient  is  merely  ailing,  and  hoTore  any  signs  of  glandular  s 
are  to  be  detected.  Its  duration  is  ten  days  to  a  fortnight^ 
patient  must  he  considered  unsafe  to  others  for  nt  least  a  week  loi 

Morbid  Anatomy  and  Pathology. — The  inflammation  ati 
salivary  glands,  and  is  believed  to  spread  from  the  duct  to  the  su 
of  the  gland.  It  onuses  infiltration  into  the  cellular  tissue  arouaj 
rarely  ends  in  suppuration  :  when  the  complaint  ia  at  an  end  the  I 
is  left  uninjured.  In  the  orchitiH,  however,  which  is  apt  to  oa 
mumps,  the  testicle  may  ufte^^*ards  atrophy.  In  these  ea^es  tfaa 
canalicular  tissue  is  little  altere<i,  but  there  is  a  purenchymatl 
opposed  to  an  inteistitial  sclerosis.  The  tubules  are  alone  atfect« 
shew  marked  hypertrophy  of  their  lnwemcnt  membrane,  with  atro 
their  epitbcli^il  lining  and  disap[)earunce  of  their  lumen. 

Mumps  is  ])rolKd>ly  due  tu  a  microbe.  Pasteur  found  in  tiia 
rod-shaped  bacteria,  but  foiled  to  reproduce  the  disease  with  thefl 
Bonlas  describes  a  micro-organism  which,  he  states,  is  develo| 
large  numbers  in  the  blood  as  early  aa  eight  hours  after  the  liej 
of  the  illness. 

Symptoms. — The  locjd  affection  may  lie  the  earlie-si  sipn  of  ill-B 
but  this  is  UMcnmnion.      As  a  rule  there  arc  premonitory  s} mpto 
the  complaint  begins  with  fever,  often  accum^nied  in  the  chi 
headache  and  vomiting.     The  patient  looks  and  feels  ill,  and  the  tea 
turc  rises  to  102^  or  103''  F.     Mirchamp  has  observed  a  symptom  ■ 
time  which  he  states  is  peculiar  to  infectious  parotitis.     If  a  sapi 
stance,  such  as  vinegar,  he  brought  into  contact  with  the  mucoun  niei 
of  the  tongtie,  a  i>ainful  reBex  secretion  of  saliva  occurs  in  the 


)at  to  be  afTectecJ.     He  states  that  this  symptom  is  present  even  m 

in  which  the  infection  first  shews  itself  in  the  testicle  or  is  limited 

iU    In  a  few  hours  stitfncs^  is  complaiticd  of  in  the  jaw.  and  there  is 

achirij;  ami  tenderness  on  one  side  in  the  hollow  beneath  the  ear.     This 

irt  k  soon  noiiceil  U>  be  full,  so  that  the  tlepres-sion  disappears ;  and  as 

svelUii^  spreads  forwards  and  backwards  from  this  point  it  comes  to 

mvolve  the  greater  part  of  the  sitle  of  the  face  and  neck.     The  skin  over 

itinny  l>e  palu  or  have  a  pinkish  tint,  and   the  ]>art   is  tense,  ebistic,  and 

U'ry  lender.     Dr.  F.  Trcsilijin  has  noticed  that  at  an  early  period  of  the 

wimplaint  the  opening  of  Stensoii's  duct  of  the  parotid  becomes  distinctly 

TuiMe.     This  duct,  it  may  be  remembered,  opens  on  the  inner  surface  of 

the  check  on  a  level  with  the  second  upper  molar  tooth.     In  health  it  is 

often  (lifficult  todetccU  but  in  mumps  it  can  be  seen  at  once  as  a  small  bright 

mi  [in>jei;lion  on  the  nuicous  membrane.     It  remains  visible  until  the 

inlUmmiition   of   the   gland    subsides.     The    inHammation    may   remain 

lited  to  the  {uirotid  first  attacked  :  but  usually  it  spreudi^  tu  tlie  other 

''lide  of  the  face,  to  the  salivary  glands  bcneuth  the  juw,  and  sometimes 

U>  the  fauces  and  tonsils.     The  face  is  then  curiously  widened,  and  the 

prominence  of  the  chin  is  lost  in  the  swelling  of  the  neck.     The  disease 

Uktt  three  or  four  days  to  reacli  its  height,  for,  as  a  rule,  the  glands  are 

"ivoivetl  one  after  another.     When  fully  developed  there  is  no  change 

f''ra(iay  or  two;  then  tlic  swelling  begins*  lo  t*nbside,  and  by  the  tenth 

or  twelfth  day  all  ftdnoss  has  diciappeiued.     The   length  of   the  attack 

''spends  upoti  the  quickness  with  which  the  glands  successively  take  on 

the  morbid  action.     It  is  rare  to  find  the  inflammation  at  its  height  at 

'«'•  simo  tinio  on  both  sides  of  the  face.     Often  after  the  sul)sidence  of 

^nc  swuUing  on  the  one  sitle  a  distinct  pause  occurs  before  the  other  side 

'^igins  to  siirt'er ;  and  it  may  happen  that  the  latter  becomes  atlected  only 

*'t€r  nn  interval  of  weeks,  as  if  from  a  true  relajtse. 

All  through  the  earlier  period  of  the  illness,  and  until  the  swelling 
"^^na  to  decline,  the  aching  of  the  jaw  continues  and  is  increased  by 
•ttovement;  so  that  niantication  \n  painful,  and  even  the  acts  of  speaking 
swallowing  mid  to  the  patient's  discomfort.  On  this  account  saliva 
ids  to  collect  in  the  mouth,  but  there  is  no  increiise  in  the  sidivury 
flow ;  in<Iettd,  as  the  swelling  subside^,  secretion  for  the  time  may  be 
«up|jressed  [Jaccnud],  leavin;:  a  troul>lcsome  djynesa  of  the  muc<jU8 
membrane.  Sometimes  the  temperature  declines  on  the  8econ<i  or  third 
•^Vi  but  it  genendly  remains  high  until  the  complaint  is  fully  deveIope<l, 
*nU  then  falls  more  or  loss  abruptly  to  the  normal  level. 

The  above  is  the  onliiiary  course  of  an  attack  nf  mumjis  ;  but  the 
*y«n|)toms  may  l>e  much  Icfis  striking.  Often,  especially  in  sporadic 
c*««a,  the  swelling  is  insignificant,  with  little  feeling  of  illness  :  or,  with 
ttwch  swelling  and  local  discomfoit,  the  temperature  is  normal,  and  the 
gwieral  health  hiii-dly  disturbed  ;  or.  again,  the  constitutional  symptoms 
*Te  Kerere,  with  little  swelling  or  pain  in  movement. 

Complications. — A  remarkable  fciiture  of  the  complaint  consist*  in 
the  80-cuiled  metastases  which  somctimea  occm-,  chiefly  in  adult  patients. 


These  secondary  lesions  ai-o  inflammatory  in  their  niiture,  and  should  \k 
t-eg:«nied  rather  as  furtlicr  maiiifestatiuns  of  the  virus  than  as  true  meu- 
stasea.  'J'hc  most  common  of  thoae  complications,  in  the  male  subject,  ii 
orchitis  ;  in  the  female  the  brcaets  inflame,  or  there  is  a>demtt  vl  tli« 
external  genitals,  or  perhaps  swelling  and  tenderness  of  the  ovarits*  am] 
enlargement  of  the  inguinal  glands.  In  exceptional  ciis*es  (jrchitis  may  owof 
as  an  eaily  symptom  before  auy  swelling  is  noticed  eUewhcrc :  or  nuf 
be  itself  the  only  sign  of  the  complaint^  mlhoui  iiiHamiuMtion  occumng 
in  the  parotid  or  othei'  salivaiy  glands.  Usailly  it  comes  on  Umrit 
the  end  of  the  attack  ;  or  even  after  all  signs  of  swelling  have  diunr"-^'^*' 
from  tiie  face.  With  the  pain  of  the  inflamed  organ  there  is  t;- 
rise  of  temperature  and  a  return  of  the  feeling  of  illness,  but  s»'ni';i;  ■ 
the  only  comiilaiiit  is  of  local  discomfort.  If  an  interval  of  api .,»:■: 
health  hiive  followed  the  subsidence  of  the  parotid  sweUing.  tbe 
appearance  of  the  compliwition  may  be  preceded  or  ftccom|»Rnio<l  liy 
more  serious  signs  of  general  disturbance.  There  may  Ije  high  fevw 
and  deliriu?n,  or  obstinate  vomiting  and  purging,  or  alarming  sym 
of  prostration. 

The  orchitis  lasts  from  three  to  five  days,  and  is  sometimes  foUoi 
by  verj'  rapid  atrophy  of  the  testicle.  Many  instances  of  this  untowinl 
sequel  to  the  inflammation  arc  recoMcd  by  French  writers.  Thus,  \jfn- 
boullet  refers  to  the  case  of  a  young  soldier  of  twpiity-two  in  *bom 
orchitis  began  on  the  fifth  day  of  the  mumps.  The  inflammation  boob 
subsided,  but  was  followed  by  stich  rapid  waating  that  in  three  wwl» 
the  affected  gland  was  reduced  to  the  size  of  a  haricot  bean. 

The  above  is  nut  the  only  form  of  metiusta^is  met  with.  Somerinie* 
the  orchitis  is  followed  quickly  by  signs  of  inflammation  of  the  moml>rM»«s 
of  the  brain.  This  complication  is  a  rare  one,  but  many  c*bcs  are  ^ 
record.  Although  serious  enough  in  appearance,  it  can  Ixi  troat«il  *it 
considerable  hopes  of  success.  Thus,  Dr.  G.  H.  Uowdaey  has  rocoiJ* 
the  case  of  a  mun  aged  thirty-five  who,  during  an  attack  of  mumps,  exjiotf* 
himself  to  chill  by  driving  ten  miles  in  an  oi>en  trap.  This  t'«)k  place  * 
the  fourth  or  fifth  day  of  his  illness.  On  the  next  day  <the  fifth  or  eixt- 
orchitis  began  ;  and  the  first  signs  of  meningitis  were  noted  on  iJ 
day  following.  The  nuin  wa-s  seriously  ill  for  some  weeks,  but  events 
ally  recovered.  A  very  similar  case  in  a  lioy  of  fifteen  is  narratvd  fc 
Dr.  Monro.  Here  also  the  meningitis  waa  preceried  by  orchitis,  aa 
although  in  the  end  recovery  was  complete,  the  boy  was  left  for  a  tin 
with  unsteady  gait,  ditficult  articubvtion,  and  marked  agrapbia.  Froi 
these  latter  symptoms  it  would  seem  that  the  inflammation  is  not  alwH\ 
limited  to  the  ccrebrid  coverings.  Lannois  and  Lomoiue  have  descriU- 
a  case  in  which  aphasia  and  localised  paralysis  of  one  arm  foUuwod  sac 
an  attack  and  histed  Ave  days.  In  another  case  aphasia  combined  wit 
nght  hemiplegia  pei-sisted  for  several  months.  They  suggested  that  t 
produce  such  consequences  the  attJick  must  have  consisted  reaUv  of 
meningo^ncephaliiin,  the  inflammation  having  spread  from  tbo  raemi 
to  the  substance  of  the  bniin. 
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The  nerroue  aoqucis  in  mumps  un:  nut  contiriud  to  cages  which  l>egin 
w;'li  such  i-iolent  symptoms.  As  in  oihor  forma  of  acute  apecitic  disease, 
ii'Ljus  derangements  of  more  obscure  mechanism  may  be  met  with. 
Thus,  Joffroy  hiis  r«porleil  a  case  of  gcnci'}ilise<l  jwrjilysis  with  loss  of 
dwp  rt-flexcB,  but  without  ccrebrttl  ayraptoms,  which  he  attnbutwl  to 
penplieral  neuritis ;  nnd  Jalon,  one  of  optic  ueuriti.s  with  subsequent 
atrophy  of  the  optic  nerve.  Dr.  R.  Percy  Smith,  too,  has  known  acute 
ninii  to  follow  an  attack  of  mumps ;  and  Campani  bus  reported  u  case 
iiivhich  night-blindness  was  11  noticeable  synjptom. 

A  temporary  facial  paralysis  is  sonictiuies  met  with  :  this  seems 
UibeJue  to  direct  oxCension  of  the  inflammation  to  iW  sheath  of  the 
iiml  nerve,  although  it  may  happen  in  cases  where  there  has  been  little 
||VOtid  swelling  and  but  slight  local  discomfort.  In  a  case  kindly 
>aiuunicuted  to  me  by  Mr.  A.  Maude,  the  local  symptoms  of  mump^ 
ftffc  mild,  hut  the  general  symptoms  weru  of  exceptional  severity.  The 
|6etal  peiralysis  was  first  noticetl  in  the  third  week,  and  lasted  nearly  a 
aonlh ;  there  was  no  deafness  or  otorrhea. 

Other  complications  are  sometimes  met  with  which  may  vary  accord- 
ing to  the  prevailing  type  of  the  disorder.  Thus,  in  ono  epiileraic  cases 
M  gMtro-intestinal  derangement  are  noticed  with  nbduminal  pains ;  in 
■AOthef  opistaxis  is  common  ;  in  a  thiiil  thtrc  are  occasional  cases  of 
wdocanlitis  [Jaccoud].  Albuminuria,  with  or  without  bloody  mine,  has 
*!•(>  been  noted.  Still,  with  regard  to  this  matter  of  complications,  it 
iQay  be  rejicated  that  as  a  rule  the  coui'se  of  the  complaint  is  simple  and 
Quid,  and  thai  secondary  disrtrdcrs  arc  rare  if  common  prudence  be 
Wercised  in  the  management  of  the  case. 

FerhA[)s  one  of  the  least  unfamiliar  conse<)uence9  of  mumps  is  deafness 
'*^  one  ear.  This  infinnity  may  come  on  in  the  course  of  the  complaint 
^f  later.  It  occurs  in  two  forms.  In  the  first,  the  inflammation  spreads 
fnrough  the  Kustachian  tul»e  to  the  middle  ear.  In  this  case  the  hearing 
**  Usually  restored  by  treatment.  In  the  second,  the  deafness  begins 
fuddenly  at  an  early  period  of  the  illness  owing,  it  is  thought,  to  an 
Uiflanimatory  pnxe.sf!  set  up  in  the  labyrinth  or  cixihlea,  or  bolb.  The 
*niddle  car  is  unaficctcd.  The  attack  of  deafness  may  l>e  accorapnnied  by 
Qoises  iu  the  head  and  sometimes  by  pain.  If  the  labyrinth  be  the  seat 
of  the  legion  there  is  also  vertigo  with  nausea  and  vomiting.  In  this 
form  treatment  can  do  little,  and  the  deafness  is  generally  permanent. 
Ab  it  is  usually  continod  to  one  side,  and  may  give  rise  to  no  pjiin,  the 
damage  to  the  organ  is  often  discovered  only  by  accident. 

Dtafrnosls. — Mimjpa  is  a  primary  complaint,  and  is  therefore  easily 
difttingm'shed  from  the  non-specific  [parotitis  (parotid  bulw),  which  is 
always  a  secondary  disease^  and  occurs  jvs  a  complication  of  many  forma 
of  acute  illness.  Symptomatic  piu'Ctitis  (jls  it  is  called)  may  attack  both 
sides  of  the  face,  but,  unlike  mum^js,  it  may  end  in  suppuration. 

In  a  veiy  mild  attack  of  mumps,  if  orchitis  occur,  there  is  danger  of 
*"*   primary  disorder  being  overlooked  through  the  prominence  assumed* 
"7  the  complication.     Therefore,  in  an  epidemic  of  mtimps  a  case  of 
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orchitis  ^huuld  always  8Uj:g6flt  a  cnrefiil  inquiry  uiul  exaniiiuiticm  of  tb 
face.     But  even  if  no  Bwelling  or  tendoruvsa  be  noticpd  in  the  fflliwf'' 
glands  and  lliev  entirely  escape  the  infection,  the  orcliitia  may  «ull  b»j 
due  to  mumps.     Id  such  a  c;i8t>  the  diagnniiih  depends  upon  the  exi 
of  an  epidemic,  the  sudden  onset  of  the  illness,  and  the  Lijise  of  «e* 
dnyH  hetwecn  the  beginning  of  the  general  gymptoms  and  the  occur 
of  the  orehitia.     Mirchamp's  symptom  might  be  a  help  in  these  doab 
eaaes  {tmU-  p.  58*5). 

Treatments  —  However   mihl    the   attack    may    W,    »pncl  ami 
should  be  Rlriotly  enjoined,  :u  the  complicjttiond  and   luiplva&atil  cor 
rpjonces   of    the   disorder   arc    due    nmiidy   to   impmdeneefi   commitw 
{luring  its  course.     On  this  account  they  mostly  occur  in  the  mihler 
where  the  general  symptoms  are  trifling,  and  with  little  local  diBComfQtt.J 

The  patient  shouhl  be  confined  to  liij»  bed  while  the  fevor  lasts, 
when  the  temi>eraturo  falls  should  still  keep  the  house  until  all  k 
ayniptoma  have  subsidotl.  The  food  should  cf>nsist  of  strong  sodi>s,  nie«l 
jellies,  pounded  mcata,  milk,  eggs  beaten  up,  and  the  like — such  thinjp  »* 
need  no  mastication.  If  necessary  the  liver  must  bu  relicveil  by  a  01*^^' 
curial  purge ;  or,  if  there  be  a  foul  tongue  and  much  giistnc  deraugemw^ 
an  aperient  draught  of  rhubarb  and  heavy  carlH>nate  of  magnesii  may  *>* 
given,   flavoured  with  cmthimoniH,   a[>irit  of  chloroform,  and    |  -"^ 

water.     For   local  treatment  hot  bread-poulticos  should  be  ;>:  *^ 

fre*iuently  renewed  :  or  the  part  may  be  anointed  with  a  salvo  cunip  ■-  •"' 
of  one  part  of  guaiacol  in  twenty  parts  of  mi.\4>d  vaseline  and  lanoIu:L,  - '"" 
roeommi'iidod  by  I{aga7j;i,  and  covered  with  a  layer  of  cotton-wooL  ■^ 
is  well  to  cleanse  the  mouth  and  thnmt  with  an  antiseptic  gargle  aever*^ 
tiines  in  the  day.  A  very  giateful  application  for  this  pnri»08e  is  m«C^^ 
by  dissolving  salol  to  saturation  in  an  ounce  of  rectified  spirit  with  forf-^ 
drops  of  chloi-oforra.  Thirty  to  forty  drops  of  this  aolntion  added  C^ 
a  tumltler  of  warm  water  make  a  wash  pleasant  to  use  Mid  strougl,^ 
antiseptic. 

Of  the  complications — orchitis  is  to  be  treated  by  irarmt 
mechanical  8Up|>ort,  and  the  earlier  hot  poultices  are  applied  to  th^ 
inflamed  part  the  Iwtter  the  chance  of  re<lucing  the  intensity  of  th^ 
inflammation  and  relieWng  the  discomfort.  In  all  children  of  iwclr^ 
ycaj"s  and  upwards  it  is  advisable,  as  Dr.  Dukes  has  suggested,  to  waic}^ 
the  tempenituro,  for  increase  in  the  bodily  heat  may  (M>ssibly  signify  - 
the  onset  of  the  complication.  If  meningitis  occur,  leeches  to  the  tempt<'«  -^ 
followed  by  ice  to  the  head  and  by  aperients  must  l»e  resorletl  to.  Thr  « 
alarming  constitutional  s^nnptoms  sometimes  noticed  tx^foio  the  nn^t  of 
the  complication  generally  cease  when  the  latt-er  shews  itself.  If  tbef« 
be  great  prosit  ration,  stimulants  must  be  used  and  warmth  appliet! 
extremities. 

EUSTACK 


ith,  jum:^ 
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GLANDULAR   FEVER 


(Dkcsknkikber) 
By  Dawsos  ■Williams,  M.D.,  F.R.C.P. 

^Z4M>ULAR  Fever  may  be  defined,  provisionally,  as  an  ociito  infectious 
'*ver,  characloriaed  bv  inflnminatory  swelling  of  the  deep  cervical  and 
*>th«r  lymphatic  glands,  luid  Ity  coiisli pillion  ;  artd  followed  hy  a  consider- 
*"ile  degree  of  aiuemia  and  depression. 

I'aihiAiHiy. — E.  Pfeifl'ur  described  the  disease  in  18^9,  and  expressed 

'^e  opinion  that  it  was  an  jw:ut«  specific  fever  previously  unrecognised. 

*^   ^inted  out  that  it  occurred  in  narrowly  limited  epidemics,  but  that 

^*^st  of  the  children  of  a  family  in  which  one  member  Ruffered  contracted 

**<i  disejwe.     This  ohservatlon  has  het-n  cunfimiHl  )»y  later  writers;  and 

^t-k  AVest  states  that,  in  an  epidemic  afl'ecting  an  isolated  community  in 

**io,  ninety-six  cases  occurred  among  the  children  of  forty-three  families; 

^ly  about   twenty  children   between   the  ages  of  seven   months  and 

^'^irteeu  yeare  eacape^l.      From   the   occjisional   occurrence   of   nephritis 

^^     a   complication,   Hease   has   drawn   an    argument   in   favour   of   the 

^^»iU;ntion  that  the  disexise  is  spet-itic,  ;i8  I'feifler  maintained.     The  onset 

.^^*    the  disease  is  acute,  and  the  adenitis  one  of  the  Cirliest  s^'mploma ; 

\x\\q  pharyngitis,  though  it  ma}'  occur  as  a  complication,  is  seldom 

^vere.     Park  West  oljeerved  only  four  cases  of  severe  pharyngitis  iu 

J*^nety-«ix  cases ;  and  u-sually  there  is  no  pharyngitis  at  all.     Tliut  the 

^^iseoitc  is  not  an  aberrjuit  form  of   mumi>s  is  shewn  bv  the  facta  that 

**^r<Uiti3  luis  not  been  known  to  occur;  and  that  iu  the  Ohio  epidemic  it  was 

^*^*cortained  that  fifty-seven  of  the  ninety-six  children  had  had  mumps  before 

Vie  glandular  fever,  or  soon  after  it.     The  suggestion  that  tiie  crises  are 

^  Samples  uf  (xerman  meai^Ies,  or  some  other  cxanthematoua  fever  without 

^^e  exanthem,  is  not  tenahle  in  view  of  the  fact  that  intcnnediate  cases  with 

^^"^cish  have  never  been  observed,  and  that  in  the  extensive  Ohio  epidemic  no 


rash  was  observed  in  any  of  tlie  cases.     The  adenitis  runs  a  fairly  nguW 
course,  reiichin^  iu  maximiun  in  from  two  to  four  days,  and  then  sobwliii!: 
gradually,  while  at  the  sjinie  time  grou])9  of  glands  other  than  thna*  fim 
affected    may   be    enlarging;:.      Tht!    glands    shew    little    '     " 
suppuiatu ;    indeed    it    is    very    doubtfid    whether   thia    a- 
happens.*       Bacteriology    has    not    as   yet    thi»\m    any    ligfai   oti  ue 
pathology  of  the  disease,  but  no  thorough  examination  has  been  omM- 
The  olistiuate  constiiKiliun  characteristic  of  it,  coupled  with  the  freqotmcj 
of  eidiirgcment  of  the  mesenteric  glands,  led  v.  Starck  to  suggest  tluittlie 
general  symptoms  and  the  adenitis  were  duo  to  iufectiou  derived  fnm 
the  intestines,  or  were  produced  by  the  absorption  of  tuxiiu  fraa  lbs 
rciiiined  fa?ce8.     The  place  of  the  disease  in  nosology  would  appeui^ 
be  near  non-venereal  or  so  called  climatic  bubo  {vide  vol  on  TropiM 
Dificasos).  ™ 

Course. — The  inculjaiion -period  is  probably  about  seven  days,  vitli 
extremes  "of  five  and  ten  tlays.     The  onset  is  sudden  ;  complaint  is  nuie 
of  pain  in  thti  neck,  which  is  held  stiflly,  of  i»ain  on  swallowing,  and  aoat 
times  i)f  pain  in  the  abtlonien.     The  face  is  flushed,  there  is  lenJernew 
in  the  anterior  triangle,  the  temperattu-e  is  101-103    F.,  the  toaguei^ 
fuiTed,   there    is   anorexia,   sometimes    vomiting,   rapi<l    imUe*  and  tko 
ordinary  symptoms  of  pyrexia.     Kxamination  of  the  throat  revcaU  W 
condition  sufficient  to  account  for  the  stiH'ness  of  the  neck  and  dyspha^ 
nor  for  the  j>yrexia.     The  mucous  menibranu  may  bu  healthy,  or  a  lilllt 
reddened  ;   or  there  may,  of  com-se,  be  chronic  granular  pharyngitis  or 
tonsillitis,  which   affections  are   extremely   common   in  children.     On 
the  second  or  thinl  day  of  fever  an  elongated  swelling,  uniform  to  the 
eye  but  on  palpation  found  to  be  duo  to  three  or  four  enlarged  glands,  il 
|>erceived  Iwneath  and  towards  the  front  of  the  sterno-mastoid  muwk 
In   nearly  n]\  crises  the  mlenitiit  is  first  perceptible  on  the  left  side;  ii 
rcaihes  its  maximum  in  from  two  to  four  days,  and  then  begins  to  sulisjilr. 
A  little  l>efore  the  swelling  on  the  left  aide  reaches  its  height  the  air- 
resfmnding  glands  t>n  the  right  side  begin  to  swell,  and  they  liin  through  a 
similai*  course.    Other  groups  of  glands,  the  posterior  cervical,  the  axiilary. 
the  inguinal,  may  likewise  become  enUrged  and  tender.      Abdominal 
pain  and  tenderness  and  enlargement  of  the  liver  are  present  in  nu>> 
enlargement  of  the  spleen  and  of  the  mesenteric  glands  occurs  p 
probably  in  more  than  half.     Constipation  is  obstinate  except  in  the  ten 
mildeat  cases,  in  whicii  it  may  be  replaced  by  fretpmnt  ^nmll  mucoui 
stools.     In  some  severe  cases  the  beginning  of  convalescence  is  murker 
by  the  passage  of  a  large  amount  of  green  mucoid  material  from  tbt 
bowol.     The  temperature  usually  attains  it«  muximum  (104''  K.)  alK>ui 
the  third  day,  and  remains  high  so  long  as  grou|)s  of  glands  continue  t^ 
enliirge.      Ttie   pulse   may  continue  rapid   for  a  day  or  two  after  dc(er 
vescenco,  which  usually  takes  place  during  the  second  week.   Complication! 

'  f'omby's  opiniQU  to  Um  contmry  aiipmrt  to  rest   ou  Nrminun's  otwrratiott  at  tb 
l>r«M!Uctf  of  ntBpbylouocci  in  I'cnaUi  ca-<«>- ;  but  Xcamnan  liuii»cll  ticM  tlint  tlw  cam*  k* 
tleflUng  with  w«re  uot  vuniplM  of  PreitTtfr'n  DroKutleber. 
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trare,  the  most  iraportatit  heiiig  nephritis,  which  may  be  attended  by 
wtnrla  ;  Inu  the  dieeaju;  nsii.iDy  rurm  a  benign  course,  though  occasion- 
r,  u  MnuKSoiiR  hiis  jiointctl  out,  the  general  ftyinpionis  are  so  severe  as 
suggest  typhoid  fever.  Convalescence  is  apt  to  bo  prolonged,  the 
dtild  Wing  left  in  a  condition  of  genernl  depression  with  Hniemia,  from 
whitb  coinpleU)  recovery  dooa  not  as  a  rule  Wilte  ]>lace  in  less  than  a 
couple  of   months.      The  enlargeH   ghuuls   subside  gradually,  and   have 

(pfH^rod  before  the  general  hpaltli  is  completely  rcstorciJ. 
J^r. — The  disease  is  one  which  affects  children  ;  it  is  not  uncommon 
ifftiicy,  but  must  be  verj*  rare  after  puberty;  though  Drs,  Donkin  and 
tts  have  mentioned  inst:iTices  in  which  yoinig  adults  were  affected 
iferijig  a  family  epidemic. 

STrfittmrtit  has  little  or  no  effect  on  the  course  of  the  disease.  The 
I  in  the  neck  and  swollen  glmultt  niivy  l)e  relieved  by  a  coM  compress, 
or  hy  Iwlladouna  fomentations,  but  these  measiu-es  do  not  prevent  the 
development  of  adenitis  on  tlie  opposite  side.  Constipation  can  be  relieved 
by  a  full  dose  of  calomel;  but  the  condition  returns  at  once,  and  Park 
West  saw  reason  to  believe  that  this  treatment  was  followed  by  greater 
J4^)rettsioii  and  a  more  prolonged  convalescence.  Small  doses  of  calomel 
iff.  ^'^  to  i'., )  are  probaHy  of  use  in  regulating  the  Iwwels  and  pre- 
Ttnting  dceompusition  in  the  intestinal  cjinal.  During  the  fever  the  child 
hhoiihl  be  kojit  in  bed  or  on  the  couch,  and  should  have  simple  Ii(]uid 
nourishment.  During  convalescence  the  patient  should  l>e  grumied  from 
or«^fHfcigue  or  e]q)osiu-c  to  cold,  and  should  receive  as  mtich  nouriahing 
(bod  OS  he  can  digest.  Cod-liver  oil  and  irun  preparations,  or  the  syrup 
[)f  tiie  [ihosphate  of  iron,  are  indicated  ;  and  as  soon  as  the  enlargement  of 
liie  glands  has  disap)>cared  change  of  air  may  be  advised. 

Dawson  Williams. 

hefkrknces 
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RHEUMATIC    FEVER 

By  Sir  W.  S.  CiiuucH,  Bart.,  K,C.B.,  M.D.,  F.R.aP. 
The  FfttUologic&l  Section  l»y  Vi.  BrLUH.'ii.  M.D. 

Syn'OXYMS. — Acute  or  Siibficiilo  KheumatiBra. 


Acute  EheuniHtiemf  or  Bhenmatic  Fo\*er,  ia  a  ijiaense  more  ctiily 
described  than  defined.  No  line  ti{  80{Kiration  cnn  be  dmwn  lietwecn 
the  coMS  classified  as  subacute  aiul  acut« ;  and  in  this  article  rheumtlK 
fever  will  Ik.*  coiiiiiilercd  :ih  eqiiivulent  to  u  Ryiio\'itiB  acconipHiiied  Vy 
pyitixiu,  imd  generally  uiultijile. 

Under  the  name  rheumatism  is  incliuiod  a  vast  medley  of  pathologii*^ 
conditions  having  little  or  no  connexion  with  eactt  other,  exce[»t  in  it* 
presence  of  pain  in  the  muselca  or  uboni  the  joints.     The  wortl,  aI  fir*^ 
explanatory  of  the  pathology  of  the  niorln'd  condition  (the  pain  Wii   - 
attributed  to  rheum'   flowing  down   from   the  bniin  and  Hcttlin^  in  i 
atfectod  p^irt),   haa  no\r  l^ecome  a  convenient  term  to  embrace  myalji- 
neuritic,  and  arthritic  pain  dependent  on  very  various  causes  of   who^^*- 
nature   we  are  often   ignorant.*      The  inclusion  of  three  very  distiTiC^"* 
affections — gout,  osteo-arthritis,  and  gonorrho-al  arthritis — under  the  hci^^ 
of  acute  rheumatism  vitiates  to  a  great  extent  all  the  statistics  of  th^^ 
disease  ^wc.w  hy  the  older  writeii*, 

Syderiliam   separated  acute  rhetunatism   from    gout  (7G),   giWng 
excellent  cliutcal  description  oF  the  disease,  and   remarking  that  "  it 
commonest  in  autumn,  chiefly  att-acking  the  young  and  vigorous  ":  be 
on  10  sa^*  that  it  very  rarely  kills  the  patient.     The  mortality  during  at 
acute  attack  is  very  small,  and  of  tho^e  who  die  in  the  course  of  tl 
attjick,  death,   excepting  in  cases  iif  hypeqjyrexiii,   is  almost   in\*arinbh 
due  U^  secondary  lesions,  such   as   peri-,  mjo-,  or  enilocanlilis  (»r,  morr 
rarely,  pneura<tnia  ur  pleurisy.      I  say  ulmi>st  invariably,  for  lu  very  rure 
instances  death  occurs  suddenly  without  hyperpyrexia  or  any  diftcorenble 
injury  to  the  lungs  or  heart.     One  snch  case  I  have  seen  nivfteU.     A  girl 
aged  nineteen,  a  nursemaid,  was  taken  ill  on  May  25,    1 870,  with  paia 
in  the  right  foot,  followwl  by  p;iin  in  the  lc<^  and  hands;  thn  joint*  wipre 
I^vl-ollen    arnl    very    piinful.       She   was  admitted    to  Sl    Barthoitimcws 
Uospitjd  oil  June  1st.     She  was  fairly  well  nourished;    besides  pain  in 

'  jFJiinn,  vif^ln,  cJileM  <La|H'.  tu^ue  lutmni. 
loBjiira  rnliilaiii,  mulieuiu  liilie,  cuinprimi*  (Isttun, 


Hoi-f;  lien**  l<i  t^TVik  m\  TIB  dfp«tt«re  rhfniim. 
Si  ititftt  nd  pi?ctn«  dicntur  rhetinm  cAtarrhus 
8t  od  fAitcoA,  brnuchuit ;  ni  ml 


'■'  BalloniiiK  ft  cr«Iit«(l  with  twing  thf  Ant  to  n*n  th«  ^> 
/te  rhrumtttitmu  et  jiifuritui^,  1642. 
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she  conipliiiiiud  oT  soinit  (Jiscumfort  iil  the  epigastnum  ;  her 
la  coated,  appetite  gono,  bowels  tostivu  ;  there  was  some  >oniit- 
irine  wiis  high-coloiirfd,  alkaline,  free  from  albnmin  ;  skin  moist ; 

much  awollrn.  StiUes  thnl  she  h:i8  luid  very  little  sleep  ; 
\  good  volume,  hejirt  -  sounds  niitiu-.il,  respiration  normal, 
x^  90:*)'  F.  Uuring  the  iifternoon  of  the  diiy  of  admission  she 
restleus,  ami  complained  of  incre;ising  piiin  Ht  the  epi;j;;i8tr-inm 
le  pitPCor<liaI  region.     At  ih'lO   I'.M.  she  suddenly  l>ecamo  very 

and  pulseless,  with  pnpiU  widely  dilated,  and  die<l  at  10.1.') 
>thiTig  abnormal  waK  found  in  any  organ  except  very  slight 
ilorig  the  mai'gin  of  the  mitral  Vidve.  Senator^  spe»ks  of 
Mith  occun-ing  in  ''jwiroxysmB  of  palpitation  and  oppression" 
dent  on  uii-diac  comtiliovtiona. 

llty  and  Prevalence. — ^Uheumntic  fever  is  a  ubitjuitous  disease, 
?t  with  in  all  partes  of  the  world,  in  the  arctio  as  well  aw  the 
es,  hut  18  more  fre<|Uent  in  subtropical  and  temperate  climcH. 

is   exempt,  although    Europeans   in   the  tropical  and  warmer 
rcgiuus  appear  to  sufler  from  it  mora  freijuently  than  the 


tortality  directly  attributed  to  rheumatic  fever  in  the  reports  of 
trara-CJeneral  for  iireiit  BritJiiu  and  Ireland  is  no  measure  of 
tncy  of  iu  pn^valence  or  of  the  .suHerin^s  prnduccd  by  it;  a 
t  proportion  of  the  deaths  returned  :w  due  tfl  valvular  disease 
tart  and  endocarditis  (not   infective)  being  due    to  antecedent 

fever.     The  number  of  doatlis  ascribed  to  it  in  England  during 

1903  was  2382,  l)Cing  462  in  every  thousand  deaths,  in 
the  projwrtiou  wjis  3'7.S,  and  in  Ireland  275  per  1000  of 
riiis  mortality  varies  very  little  from  that  which  in  found  in 
&  of  the  world  {rule  Appendix  I.).  In  England,  aceoi-ding  to 
tmr-Geiieral's  retm-ne,  the  death-rate  frum  rheum;itie  fever  and 
m  of  the  heart  has  been  steadily  falling  for  the  lost  twenty 
1H84  the  annual  dcath-rato  from  it  being  101  in  every  million 
viiig,  which  number  hud  fallen  in  11*04  to  70.  How  bir  this 
n  in  mortality  is  tine  tu  lesser  prevalence  of  the  disease,  to 
litmcnt,  or  to  changes  in  the  mode  of  registration  it  is  im|>ossible 
ine,  for  it  is  to  be  noted  that  the  deaths  attribiitwl  to  valvular 
id  endocanlitis  (not  infective;  have  increased  iu  fju*  hirgcr  pri»- 

231  deaths  [>cr  million  of  persons  being  attributed  to  this  cause 
whiUt  In  1904  the  luiniber  has  risen  to  430. 
gy  and  Geogrraphlcal  Distribution  of  Rheumatic  Fever. — The 

which  acute  rheumatism  bt'iirs  in  many  of  its  features  to  gout 
1^^  ftnmt/rttl  ur  rhemu'nl  h}fjM>lh^fiu  oi  its  piiKluction;  a  eoneejitinn 

nf  Somewhat  8iniil»r  i..aiw  or  Dr.  GnndliartV  (42^ 

r  refer*  «Uo  tn  Riitltrrj-'n  cnAr  (62),  but  nn  tiinihi||:  t»i  bl*  rcfvrfiic^  I  WxwX  it  whn 

tirl  nfe'Dtl  thnw,  «ho  ww  ^uM  witb  »ly»]>n(p(i  rto'l  liecwiie  •■ywi'wwl,  uml  (lieil 

t«r.     Tlie  sntofwy  sbewf<l  plviiri«y  aihl  collapM  of  Iiidk  nnd  iinte-inoit«(n  clot 

kttatiide. 
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formerly  supiwrtetl  by  miiiiy  observere  in  this  coujitiy,  who  comhI^ 
that  .1  morbid  poison  was  geneniled  in  the  body  iia  ihe  result  of  altrrwi 
or  imperfect  mtitaTx>lismt  and  gave  nse  to  tlie  disease.  Pnmt  is  aiid  tiv 
Fuller  to  have  been  the  first  to  throw  out  the  snji^vstion  thai  it  i»  iloe 
to  lactic  acid  ;  and  this  view,  further  amplified  by  Todd,  wjis  rtccepte<l  bjr 
Fuller  \\&  the  most  probable  of  all  the  hyjwtheses  up  to  that  tinirprv- 
poundeil.  Tiie  exjwriments  of  Richardson  were  fliscreditetl  by  thr  roort 
extended  ones  of  Itayher  ;  and  the  observationa  of  Sir  \V.  Fostt-r  (yfJjiiiid 
of  Kiilz  >m  the  oecuiTenee  of  articular  pain  antl  swelling  in  diabeiiw  iiwl 
treatment  by  lactic  ;ieid  have  not  been  confinnp<l  by  later  ex|»eripiiff. 
Dr.  P.  W.  Lathiim  in  his  Croonian  T/&ctnre8  considered  the  exciting  tai 
of  rheumatism  to  be  the  presence  of  lactic  acid  together  with  uric  Acid.tl 
bitter  acting  as  an  irritant  to  the  nervous  centres  and  to  the  eubinit 
ganglia  in  conDexiou  with  ihom  ;  and  Dr.  Hai^  .suggeM^  that  any  ou 
producing  pyrexia  may  detenuino  the  precipit^uion  of  uric  acifl  in  \ 
joints,  and  thus  give  rise  to  the  arthritic  symptom**.  It  is  ditiiiiih  l 
believe  that  uric  acid  can  give  rise  in  our  bodies  to  snch  vciy  ditfcrr 
pathological  condition.^  06  those  met  with  in  gout  and  acute  rheumatina 
the  similarity  is  f*u[jerficial  whilst  the  whole  pathological  and  dim 
course  is  di^'erent.  If  the  evidence  in  favour  of  the  chemical  h>[iotli 
of  acute  rheumatism  be  unsatisfaetorj',  the  same  may  lie  said  ttf  ' 
nervous  hypothesis  fir-Rt  suggested  by  J.  K.  Mitchell  seventy  ycai 
ago,  and  advocated  by  Caustatt^  I^Ay*  ^n*^  others ;  for  nciihcr  t 
nutritional  lesions  which  occur  in  and  about  the  articulationa  io 
nexion  with  spinal  degenerative  changes,  nor  those  which  follow  inj 
to  or  division  of  the  nerves  supplying  the  jotnt«,  I'esemble  the  coiiditi 
met  with  in  acute  rheumatism  (S). 

It  is  now  very  generally  admitted  that  rheumatic  fever  bebingis  to  the 
class  of  acute  infective  diseases,  although  opinions  still  dirter  with  icg&nl 
to  the  sjwcific  organism  by  which  it  is  prixluce<L  In  the  Milroy  Lect 
of  1893  Dr.  Xowsholme  brought  forwatxl  a  large  amount  of  stntiJ^t 
evidence  to  support  the  frpiniou  that  acute  rheiuuatiam  is  one  of 
infections  fliseases.  He  shewed  that  the  mtes  of  the  mcirtality  and  u(  tlw 
frequency  of  bho  disease  fluctuate  in  a  manner  very  similar  to  tlio(>e  >il 
such  infectious  diseases  as  scarlatiiui  and  orysipeltts  {yiit  also  Loiigauiff. 
55,  5(J). 

The  charts  constructed  by  Dr.  (larrod  from  the  statisti**  of   Lunge  in 
Co]}enhagen  and  Gabbett  in  London,  shewing  the  cur^'es  dtmng  a 
of  yeara  yiolde<l  by  first  attacks  of  rbeunmtic  fever,  afi'unl   no  satiifartt 
evidence  that  they  are  i'lHueneed  by  atmiKspheric  or  climatic  causes 
more  recent  investigations  by  Dr.  T.  Thompson  and  Mr.  Major  Ort'Cnw 
junior,  into  the  mimthly  record  of  the  rainfall  at  Urecuwieh  and  the  tnont 
a<lmiHsions  of  rheunuitic  fever  into  the  Londnn  Hosjiital  also  shew  uo 
donee  of  any  direct  connexion  bet  ween  the  rainfall  and  the  prevalence  uf 
disease,  while  Dr.  Newsholme,  who  considers  rheumatic  fever  us 
tially  a  soil  disease,  due  to  a  saprophytic  soil  organism,'*  is  of  opinion 
it  is  "drowned  out  in  wet  years,  multiplies  rapidly  in  ^vy  years,  uud 


I 


igeui 


[iniislent'd   to  the  hnmaii   recipient  hy  unknown  moans."      Hirsi-h,  from 

ihf  aWiiLL'  of  any  constJint  mcteorologicjil  influences  and  the  romarkablo 

lucttiationis  in  tlie  prevalence  of  the  disease  at  tlie  sevt-ntl   (joints  whicli 

ite  bfinn  cjirefidly  watchetl,  oonsiclei-a  thai  "rhonmalic  fovcr  now  seems 

have  Ah  assurwl  place  among  the  acute  infective  diseases." 

Very   interesting  oliservations  rmule    on    tlie   frequency   with    whicli 

leiimHtur  fever  occiiTii  in  jntriindot  htmnea^  tend  to  Bupp4)rt  the  infections 

iypoihpsis  of  the  disease.     I'liedlandci- '  of  Leipzig  sjiw  twelve  ciises  from 

WKimc  liouse  in  thn<e  years  ;  and  rlnrinj^'  anotlier  three  years  met  with 

:hteen  ca«es  from  two  houses.     Efllefsen,  at  Kiel,  rejwrts  that  of  728 

of  rilpumatic  fever  occurring  in  492  houses,  he  met  with 

•3  caees  id  one  hou&e  0  times. 
0  .,         „  1  time. 

7  ,,  «  1  time. 


S  cases  in  xne  house  100  times. 

3  ..  .  27      „ 

4  .,  ..  o       „ 


Drs.  Fiessingor,  Mantle,  and  Dalton  have  also  recorded  the  occur- 

ttce  of  groui»3  of  casea  aHsitig  within  short  periods  in  the  same  house 

"  p,  60(>). 

It  has  generally  been  held  thai  cold  and  ilamp  Hitmitions  are  contn- 

favtora  in  the  prevalent  of  rheumatic  fever ;    but  more   recent 

itions  tend  to  shew  that  meteorological  conditions  have  little  or 

influence  on  it*:  prevalence. 

The  FIritish  Army,  consistiuj;  of  young  men  at  \i  time  of  life  prone  to 
rli8ea8c,  and  placed  under  similar  conditions  as  to  hygiene,  food,  and 
rknndervery  various  climatic  condition.'t,  affords  excellent  material  for 
iiive>;tigation  of  the  etVect  uf  i  liniate  on  the  incidence  of  the  diin&ise. 
v.^amination  of  Appendix  II.,  which  1  have  ahstnicted  from  the  Army 
tlical  Reports,  shews  that  it  is  impoBHible  to  ;iRsooiate  the  nundwr  of 
rka  with  any  peculiaritieft  of  rlimate.  MalUi  prior  to  I^il-i  gives  a 
ratio,  whereas  for  li(03  the  number  is  very  low.  The  figures  also 
bow  small  is  the  direct  mortality  from  the  disease;  in  1903  only 
death  is  recorrle<l  out  of  116  cases  among  the  troops  in  Great 
Ijritmn  and  Ireland,  and  5  in  foreign  stations.  That  radal  diffcri-nceit 
have  some  bearing  on  the  question  is  shewn  by  tln^  f-'"  t  that  whilst  the 
average  number  of  attJicks  f»er  thousan<l  anions  our  British  troojw  in 
India  is  larger  than  amongst  the  same  troops  when  q»iartered  in  Scot- 
^^d  ami  Ireland,  the  ratio  given  by  our  Native  Indian  Army  is  the 
^^Ve«l  of  all. 

^H  The  statisticid  tables  of  the  Array  Medical  Depjirtnient  <lo  not  separate 
^Ib^imatic  fever  and  rheumatiMni  nf  the  heart  from  rheumatism  ;  Init  by 
'  the  kindnei^s  of  the  l>iiector(ieneral  I  was  aide  to  obtain  information 
yn  this  point  for  a  considcmble  number  of  years  prior  to  1S94,  and 
^Kry  agree  fairly  closely  with  those  in  the  Keport  for  1 904  (vid^ 
^^pcndix  II.). 

That  rkill  \s  probably  a  most  important  factor  in  detcmu'ning  an 
:k  of  rheumatic  fever  is  not  oidy  boi-ne  out  by  general  expetience, 

'  Wuatcii  h}*  Dr.  \ew«holmi:  in  tliv  ^tllrcy  Ijectures,  180fi. 
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hut  to  a  cerUiin  extent  hy  tho  googmphical  (luttrilxuion  of  the  dbaue. 
Contrary  to  what  is  usually  Iwiiievcd,  high  and  flr\'  lands,  whero  drf 
tempfrutnre  vanes  between  wide  limits  in  the  twenty-four  hmtre,  a| 
to   IW  juirticul;irly  nonducive   to  rheuniiitit!  fever.      Tlius  Wd  find  il 
comparatively  fieqiicnt  occurrence  in  Egypt,  the  Cape,  Central  Aral 
and  tht*  hi;:h  elevate<I  plali^tus  of  l^vuriu  luid   Mexico  (4?*);   whilst  ii 
lower  and  moister  loealiiies,  of  a  more  even  Initt-qually  hi^h  tempcrai 
it  is  infrequent.     The  military  statistics  arc  in  occordjvnte  witli  this  sUi 
ment,  the  averagH  number  of  attacks  per  1000  of  strengt-h  l»ciTig  h 
in  Kgypt,  South  Africa,  nnr]  the  Mediterranean  stations  than  in  SoutUi 
or  Ireland.     Unfortunately  the  military  returns  during  the  CrimcAh 
do  not  afford  data  for  compiiiing   the  proportion  of  case**  of  rheunuti 
fever  with  those  of  rheumatism.     Our  troops  in  the  Crimean  war 
exposed  to  damp  and  great  cold  a.?  well  as  fatigue.     The  only  infnnrali 
I  find  l>eiiring  on  this  ix)int  is  the  sutenient  by  Dr.  Lyons  ;  "Khi^m 
pericarditis  seems  to  have  been  very  nire  during  our  army's  oct.ii]KtUon 
the  Crimea,  notwithsljtnding  the  rigour  of  the  climate." 

Tlie  inlluence  of  fatigue  and  e.vposure  in  a  dry  atid  othervriM  win 
brioua  climate  is  she^vn  very  prominently  hy  tht-'  military  rotnrns  da 
the  Eg}'ptian  and  Cape  wars.'  In  Kgj'pt,  during  the  years  thai 
troops  were  on  active  seniee  in  the  field,  the  average  tmmbtir  ol 
admissions  for  rheumatic  fever  reached  the  high  mtio  of  296«  per  10O*> 
men  ;  and  in  the  Cape  during  the  years  of  the  Kaffir  war  an  increa*e*ii 
over  5  per  cent  in  the  cases  of  rheumatic  f.-ver  was  seen. 

The  United  Kingdom,  and  Englan<l  in  particulai-,  is  re^uded  ^ 
many  writers,  e&{>eciaUy  on  the  Contirient.  as  pre-eminently  the  couiiHf 
of  acute  rheumatism.  It  is  almost  impossible  to  form  any  Ofiinion  a& 
the  frequency  of  its  occurrence  In  the  United  Kingdom.  I  havcamutj 
in  the  ApiHMidices  IV.  luid  X.  the  returns  that  I  have  obiuiii»?il  fmrn 
metro|K>Iiian  and  pro\  iorial  hoHjiiiids.  T!ie  returns  fnmi  the  provi 
hospitals  are  very  inii)erfect,  an<l  of  less  value  than  I  hiid  hoiK^l — whei 
as  imlicating  the  proportion  rheumatic  fever  bears  t*  other  diseases 
M  shewing  the  effect  of  pwition,  climate,  nature  of  the  soil,  or  charm 
of  the  population  on  the  occurrence  of  the  disease.  They  are  roughly 
accordance  with  the  Regis trar-General's  returns,  which  shew  that 
dejith-i-ale  per  million  living  is  lower  in  the  KaHterii  and  North-Midi 
divisions  of  Knghmd  than  in  the  others;  the  higlicst  dMith-raie^  belnis 
the  Noi-thWestern  division  and  in  London  and  Male*. 

The  popuhvtinn  of  otir  large  maniifactuting  centres  ajiiwars  to  «iu 
more  than  thnt  of  our  rural  districts ;  but  this  may  be  due  to  the  la 
projmrtion  of  cases   in   c(nmtry  districts   treated   in   their  own  hoi 
The  returns  from  the  East  Coast  are  hiwer  than  those  from  the  M 
but   with   the  exception  of  Newcastle  there  are  no  retnnit*  from  lar^ 
towns,  such  as   Hull  .'iud   Hartlepool.     The  prevalence  of  the  ditxyaaeia 
the  Isle  of  Man  and  M'hit«haven  is  remarkaldc. 

I  Tho  inllilnrv  r<  tiirrift  •luring  the  urnr  Jii  Bontb  AMca  iu  1S99  IfO^J  werf  ttot 
At  tliv  time  thh  ai-lti-lij  vns  writlcQ. 
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Soottand  suH'ers  less  than  Knglnnd,  corroborating  tho  evidence  given 

the  militury  reinriis  :  <ind  there  \^  no  proof  that  tho  diBoase  is  less 

^iri!<jiK'nt,  iis  has  been  stAied,  in  CornwHll,'  Guernsey,  and  the  Isle   of 

^Vi^'ht  tiian  in  many  other  parla  of  the  T'nitod  Kingdom  of  equal  size. 

Senator  quotea  Ltjndon  as  having  the  highest  pereeutiige  of  any  European 

(ity ;  and  gives  its  averuge  as  Il'ii  [)er  cent  of  the  sum  totjil  of  dise;ise. 

TJiis  ftverage  very  g'CJitly  exceeds  that  no«'  found  in  the  statistics  of  the 

t^mdon  hosjiitAU ;  and  I  find  that  an  examination  of  the  cjisoa  treated 

in  the  clinics  of  the  physicians  of  tlie  Charitt-  Hospital,  Kerlin,  during 

!bo   years    ISS9-94   give   very   much   the  same  perc<*ntage  of   cases   of 

rbetuiuitic  fever  (4*S7)  as  those  yielded  by  the  medical  statistics  of  St. 

8'nthi>Iomew'8  Hospitjd.     Rheumatic  fever,  as  Hirsch   has  remarked,  is 

"ubi<^nit4Mifi,  and  is  more  evenly  spread  over  the  world  than  is  onlinarilv 

hpiem'e  of  Setisoiis  (38). — That  seasonal  changes  play  some  part  in  th<> 
f'^valenoo  of  rheumatic  fever  is  nndoubtwl.  All  the  collected  statistics 
^ew  fluctiuitions  in  the  curves  of  its  frequency  during  the  various 
^nihs  of  the  year,  which  ap[>e;u*  fairly  constant  in  the  localities  where 
statistics  are  compihrd,  but  present  great  discrepancies  when  compared 
ilh  those  drawn  up  in  other  places.  Dr.  Newsholme  attributes  the 
ivalenro  of  rheumatic  fever  at  different  times  to  the  influence  of  ^round- 
iter.  He  considei-a  that  low  giound-water  is  an  indication  of  certain 
iditions  of  dryness  and  temperatiu-e  of  the  subsoil  favouraltle  to  the 
)Wth  of  a  t'elhiric  conUigium  for  rheuiuaLic  fever ;  whilst  julniitting 
It  low  gronnd-water  nnassociatcd  with  the  other  necessary  conditions 
ly  not  be  proihictive  of  rheumatic  fever,  he  contends  that  we  never 
excess  or  prevalence  of  rhenmatic  fever  with  a  high  level  of  gi-ound- 
Iter.  Somewhat  similar  conclusions  have  been  arrived  at  by  Dr.  1*. 
^eber.  In  London  the  old  and  widespread  l>elief  that  the  disease  is 
common  in  the  autumn  appears  well  fonnde<l. 
Dr.  flabbett  tabulated  2000  cases  of  rheumatic  fever,  admitted  to 
London  Hospital  during  the  nine  yesns  1873-81,  according  to  the 
mths ;  and  I  have  arranged  hia  figures  in  the  fonn  of  a  chart  for  com- 
■tsun  with  that  drawn  up  by  Dr.  L.  C.  P.  Phillips  of  1098  cases  at 
St.  Baitholomcw's  H^tspital  during  the  twelve  years  1882-9.3. 

It  will  be  seen  that  in  each  series  the  curve  made  by  the  numbers  of 
first  attacks  is  ideniicid  \nth  that  made  by  the  whole  number  of  patients. 
It  will  also  be  notwl  that  the  curves  made  by  Dr.  Uabbett's  figures  arc 
ftlraost  identic;d  with  those  at  St.  liarlhuUmiew's  Hospital  during  a  [leriod 
snljsequent  to  the  nine  yc;ira  tJilmlatcd  by  Dr.  Oabbett ;  tho  only  differ- 
ence is  th.-it  at  the  London  Hospitjd  the  maximum  is  reached  in 
Novpraber,  whore;is  in  Dr.  Phillips'  chart  the  maximum  is  fuund  in 
October:  this  difference  is  probably  due  to  the  London   Hospital  chart 

'  I  Rn<l  tbiit  in  the  ten  yean  1882-91.  23^  dcatliH  in  Cornwall  arc  ascribed  to  rlivntnatic 
il  rhi'niiiBtittii  of  ihv  Iienrt,  aikI   thi^  Rt^gi.ttrjLr-Gi'tieral  gives  a  dtfaUi-rati-  of  '17  prr 
lion  living  for  tlir  coanty  in   1^03.      A  rorrespnadeiit  wliu  iinti'tiavK  at   KvilruUi  nya; 
'Cues  of  acute  rhoiunatbiu  nn  n»t  iufreiiueut  iu  my  owu  pncticv. " 
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^^H        deiiling  with  the  admiBsions,  whilst  that  of  Su  Bartholomew's  <leabM 
^^H         tho  onset  of  the  aymptomfi.                                                            J^^| 
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The  curves  of  the  second  series  of  cases  treated  in  Su 
pilnl  agree  very  closely  with  the  former  charts  in  ge 
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Ite  of  fii-st  alWckg  cftrresin)nds  jilmost  exactly  to  thitt  of  secorul  or 
toiit  Attacks,  as  is  the  ciise  in  the  earli<?r  chftrts  ;  the  maxinuim 
I  of  cases  is  met  with  eiirlier  in  the  year,  in  Aug^mt  instend  of 
\  and  the  fall  doe^  not  take  place  bo  suddenly,  the  nuiuhers 
Rg  almost  stationary  for  AtJgiist,  September,  and  October, 
T.  Tlmmpson  and  Mr.   Major  Oreenwowl,  jnri..  hiive  tabulated 

SsiMidMs  for  rheumatic  fever  to  the  London  Hospital  since  1H73. 
giires  therefore  include  l>r.  fmblictt's  given  in  Chart  8,  us  wi'll 
tB  of  more  recent  years.  Although  the  chart-  is  constructed  on  a 
hftt  diflcrent  principle  from  Dr.  Gabbett's  and  my  owo,  the  curve 
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I  Id— flocond  ftOiM  ofcasca  of  rht^nmatie  h^rr  fn  SL  Burt&oIomew'H  Uospitolf  1804-1001 

(  flicliislvT,  una  lialf  of  l!i06. 

Pnal  incidence  of  rheumatic  fever  is  substantially  the  same  as 
by  Dr.  rFabl>ctt,  and  presents  much  the  same  features  as  that 
by  the  «ises  at  St.  Bartholomew's  Hospital. 

j  constancy  of  these  8e;isonal  variations  lends  prolmbility  to  the 
ft  hypothesis  of  rhouniatie  fever,  and  supports   the  view  that  its 
Ue  cans*;  is  a  niicr(M)rg:inisni  capable  of  muUipli«itii>ii  in  a  suit- 
is  out:*ide  our  bodies. 

j(38). — It  is  generally   stated   that  acute   rheumatism    is   more 

in   men   than  in  women,  because  of  their  greater  liability  \jq 

in  the  coiu-se  of  their  work.     This  explanation  of  the  gi*eater 

|iy  of  the  disease  in  men,  if  it  exists,  cannot  be  maintained.      In 

if  not  elsewhere,   iHl'  disease  is  as  common,  if  not  conmioner, 

idoor  workers  as  among  Lhose  following  outdoor  employments ; 
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and  the  figures  given  above  shew  that  it  is  most  prevalent  at  a  seasoQ  ^ 
the  year  when  the  weather  is  not  usually  severe,  and  is  least  prevalent 
during  February,  March,  and  April,  the  three  months  in  which  outdoor 
workers  here  are  exposed  to  great  vicissitudes  of  temperature  and 
weather.  The  relative  frequency  of  the  disease  in  the  sexes  is  extremclr 
difficult  to  ascertain ;  the  statistics  of  various  localities  and  of  (lifferent 
writers  differ  very  widely.     At  St.  Bartholomew's,  and  at  most  of  the 
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other  metropolitan  hospitals  whose  figures  I  have  gone  through,  the 
numbers  of  the  two  sexes  are  nearly  the  same,  the  excess  being  slightly 
on  the  side  of  the  men,  which  is  in  agreement  with  the  mortality  retona 
of  the  Registrar  -  General  over  a  series  of  years  j  and  it  must  he 
remembered  that  in  most  hospitals  the  medical  beds  for  men  exceed  in 
number  those  for  women.  Women  are  particularly  liable  to  the  diseiiK 
after  parturition  and  prolonged  lactation,  especially  if  the  recovery  from 
childbirth  has  l>ecn  imperfect  an<l  attended  with  uterine  discharge ;  bat 
the  numl»ers  given  in  the  older  statistics  must  be  received  with  caution, 
as  many  cases  of  pueri)cr<il  septicaemia  or  pyemia  are  included,  and  a 
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teruble  fmftion  o!  thu  nl!ej;ed  jwiitr  rlteiinialic  :ittaclis  are  not  line 
Ltic  ffver,  hut  the  Hnut*»  .sta^o  of  chivjnic  ostoo-artKritis.    {I'^uU  ulso 

{)rr\\ji}Uun  Hwording  to  my  experience  has  liillc  or  no  inHtienoe  on 
|bt  indHencc  of  rheiiniatic  fever.  The  very  elal>orttto  analysis  of  32fi 
|Mft  of  the  luU-  I>r,  Sibs4in  (i*J),  appears  to  me  to  ^hew  only  that 
H^  oc(ii{Hitions  which  contain  the  hirgest  ininilHT  of  youiiiLr  Ru)>jecC8 
piM  a  hi»»h<T  pKijiortionate  number  than  others.  Female  ilomestic 
lervants  fonned  one-third  of  .Siltson's  whol"  series,  and  nearly  three  fiftlis 
rf  hif  »erit?s  of  female  cases  ;  a  chiss  which  mainly  consists  of  jtrirls 
ind  Tomen  at  the  time  uf  life  most  disposed  to  the  disease.  Among 
be  male  patients,  158  in  niimher.  82  followed  lal»orions  outdoor  employ- 
»€TiI«  ami  76  either  worked  mainly  indoors  or  were  withont  lir-.own 
tupluyment. 

■ijT^. — In  considering  the  influence  of  age  on  the  disease  first  attacks 
l^afaonld  !)*•  roi^ardcil  ,  for  the  tendency  of  rheumatic  pjLtienUs  to 
%f|neul  attacks  al  short  intervals  falsities  any  deductions  whiuh  can 
B  maile  from  the  genemi  statistics  of  the  disease.  Acnte  rheumatism 
\  ttaentiully  a  disease  of  adolescence  and  early  man-  and  woraanhooil. 
>f  943  iDstances  of  fiist  attacks  of  which  I  have  records — 

135  uccurrud  uudc-r    10  years  of  o^*^  =  13'0{)  ptr  cent 
412  belwi-en  lOanil  20*         .,  =43*58       „     * 

S44     .,      20  „   30        ,,       -a.vee     „ 

J  28        „         30    „     40  „  =13-5-        „ 

23  over  -10  yean*  of  itge  243        ., 

1  age  not  known. 

943 

lese  fij^ures  shew  the  greater  liuhility  of  youth  and  early  adult  lifL*. 
>till  no  perioil  of  life  is  exempt ;  the  disease  has  heen  (iescril)e<l  in  a 
*liy  of  twenty -three  days,  and  in  another  of  four  weeks  <7 1 ) ;  and  a  first 
tiack  from  which  a  perfect  recovery  was  made  is  reported  in  a  man 
"var  eighty  (10). 

Urttilihi. — That  some  families  ari"^  predisjKiaed  to  tlie  disease  is 
iFobal>Ie   from   the  frequency  witli  uhtch  we  see  several   children  in  the 

■I  family  affected  scnmer  <ir  lat*r  by  it.  Dr.  C'headle  is  of  opinion  that 
iendency  to  rheumiitism  is  transmitted  as  strongly  as*  the  tendency 
Ogoat;  and  that  hereditary  predisposition  is  found  in  70  per  cent  of 
betimaiic  chihlren.  Dr.  L.  Weber  uses  the  recurrence  of  rheumatic 
iTer  in  sevenil  members  of  the  same  family  a.s  au  oi'gumcnl  in  favour  of 
slicing  *'a  house  disease,  the  unfierground  of  houses  in  certain  l>»calities 
eiug  int)ltrati'<l  with  the  vims,  which  will  he  set  free  after  prolonged 
fymws."  The  occurrence  of  rheumatic  fever  in  phthisical  suhjccts  is 
%  very  uncommon.  I  have  met  with  families  in  whom  there  apjKJared 
I  be  a  very  strong  proclivity  to  tul>erculous  disoise  and  rheumatic  fever ; 
id  with  one  in  which  nearly  all  the  children  suffered  either  from 
lAUmatic  fever  or  tuberculous  disease  of  the  lungs.      I  have  also  known 


several  instaiiceu  of  pulmoiuiry  tnbei*cuIo8is,  beginning  slmrtly  after 
attacl;  of  rheumatic  fevt^i' '  aasocint«<l  with  aevcce  valvular  tiiiachK 
which  I  had  »o  doubt  that  the  tuberculous  disease  was  really  snbwini 
to  the  attack  of  rheumatism.      Statistics  of  heredity,  with  reterenre 
ill-defined  disease,  ensily  confounded  with  gout  and  rheumjitism,  apf 
me  to  bavti  little  value,  and  those  drawn  up  from  hospital  [utteuLs 
i|uito  worthless;"-  ihat  the  predisposition  Xjo  the  disease  is  heredil 
the  same  way  aa  gout  or  iiisatuty  socms  to  me  to  require  fiinhcr  evidi 

w.  a 


Morbid  Anatomy. -^(.^portunities  for  examining  the  bo<lic«  if 
who  have  died  in  the  earlier  stages  of  rheumatie  fever  are  rare.  In 
cases  rleath  ha»!  cnsuetl  after  more  than  one  iiltack  and  t-liorv  i«,  fx] 
in  regard  to  the  heai't,  a  ((tnibination  of  old  and  recent  K^inu^  1^ 
changes  in  the  joints  are  not  as  a  rule  striking.  There  may  he  an  incwaii 
in  the  quantity  of  synovial  fluid,  which  is  serous  or  tttrbid  with  a  ynrymt 
number  of  cells.  The  hyperwimia  which  no  doubt  cxifite<l  during  hfe  b« 
niiwtly  disappeared,  although  a  swolleti  and  infiltrateil  ennditioti  «»i  iW 
Byriovial  membrane  may  persist.  According  to  t'oriiil  ami  K-it 
cartilage  is  always  more  or  less  atTected,  and  shews  enlari^em 
multiplication  of  its  cells.  In  the  majority  of  cases  such  chin^'H 
have  been  found  U)  be  focal  rather  than  diffuse.  Occa«iona!ly  ihr 
cartilage  may  )>e  alll'cted  throughout  its  entire  ihickneBS.  Tlic  shsuh* 
of  tendon.s  also  shew  changes  similar  to  those  met  with  in  t' 

When  iieart  complications  have  ensued  very  delinite  ap| 
produced.  These  may  bo  fnnn<l  in  the  pei-icaitliuni,  the  eiidocaniiii 
the  myocardium.  In  rheumjitic  ptticnnlitiit  there  is  an  increase  of  i!«i 
the  pericanliat  sac;  sometimes  serous,  fro«|uently  turbid,  it  may  s1s0 
tinged  i^nth  blood.  Tlie  wall  of  the  pericaitliura  is  usually  nuigbfi 
and  in  a  state  of  inflammation  which  varies  very  much  in  <legrM  «p  >• 
the  most  severe  cases  of  adhesive  pericartlitis,  ending  in  total  obliteratioo 
of  the  [lencanlial  .*yie. 

HiuincardUU. — Although  the  changes  are  most  fretpiently  seem 
most  severe  in  the  valves,  the  memlmine  lining  the  cAviticn  of 
auricles  and  ventricles  may  lie  affeeted.  Rheumatic  ondocanlitis  lias 
frequently  described,  but  a  want  of  unanimity  prevails  in  regard  t 
interpretation  put  upim  tlie  eliani^c.^.  For  a  lung  time  it  has 
customary  to  separate  verrucose  from  malignant  cndocartlitis.  I 
majority  of  case«  the  rheumatic  virus  produces  the  verrucose 
although  in  recent  ycjirs  Kitten,  Drs.  Poynton  and  Paine,  anrl  other*  ltf»< 
ilescnbed  cases  of  malignant  rheumatic  en<locarditis.  Xiegler  rvgsnled 
the  verrucose  rheumatic  endcx>arditis  as  mainly  a  throml)otic  procoBit  ^ 


'  Dr.  J.  A.  Atifltea  publbtbetl  four  cun  of  rhonmatic  fever  follnwftt  ttj-  1«i^ 
hut  it  in  uot  elfar  iIihI  in  Iim  cueii  tbv  titlifToulons  dixenM  itf  llw  Inng  ^m  not  !•< 
twfiirt-'  \\\K  rbKUitiati^'tu. 

'  Kor  tli«  relutive  freqtinivy  of  rhimtuatia  fever  tn  the  fatiiUiei  of  rheiuuatlr 
{Hrtknts,  vide  (SS). 
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lion  shHred  by  Konil^erg,  Weicbselbaiiin,  hikI  Har1>icz.      Acbatme  tli?- 
iUii  th«  prtHress  jis  occiimtig  in  tlirtji!  Htiigen,  viz.  wdoim,  i»[ulirer:tliori, 
cicaU'iriAlion.    The  only  taicful  invcstigatioti  of  rheumtiiie  enciocaniitis 
rwpdt  years  is  that  published   by  Kdiiiger,  ami  on  his  results,  wiib 
ihich  my  own  vibsorvuLionij  on  three  acute  cases  closely  agree,  the  follow- 
ing iloscriptiot)  is  hosed.     It  will  be  remembered  that  the  endocardium 
-  :-^  of  sevenil   layers,  one  of  the  most  impoilant  being  that  imme- 
underneath  the  endothulinnk  and  known  a}>  the  Bubendotheliul  layer, 
"mposetl  of  a  soft  grouud-substunte  ooritaiiiing  very  few  fine  fibrillar 
;  -iiiiie  Lir^e  cells.      L'nderneath  this  is  the  elastic  part  proper,  wjiicb 
n>rae  places  is  cleurly  divisible  into  two  layers,  the  deeper  one  of  which 
contact  wlh  Bome  connective  titwiiie  (sub-endocardiul  layer)  which 
to  connect   the   endocardium  with   the  connective   tissue   of  the 
muscle.     The  valves  are  conipoai-d  of  u  fil)!Ous  plate,  derived  from 
tntnUys  Jihtvm*,  and  are  c<iverenl  with  emlLKardiuni,      In   the  iionnul 
lolt  the  endocardium  proper  in  ilovoid  of  blrHid-vessoU. 
As  far  as  ran  Ik?  made  out,  the  earliest  changes  of  rhoumalic  endo- 
ihli«  shew  the  presence  of  a  homogeneons  fibrin-like  substance  in  tho 
BbendotlieHal  inenibrane  ;  with   fibriu-stninii  this  uiuhh  docs  not  lake  the 
Mcristic  eobtur  and  appears  to  Ito  more  of  the  nature  of  a  coaiO'I"tion- 
with  swelling  antl  homogcneovw  transfruinatiou  of  the  gi*uund- 
mlHtancc.     In   the  earliest  lesions  the  emliK-Jtrilium  is  not  perceptibly 
tJeraled.     In  older  Uisions  a   prominence  ensues,  the  endothelial   cells 
ii^cwBe,  and   a   deposit  of    platelets  antl    fibrin    takes    place    from    the 
nrtMibtiing   blood,  as    occurs   in  onlinary  thromhouis.      Prolifemlion   of 
lie  iixod  cells  of  the  endocardium  occurs  at  varialjlc  times — often  early 
-HMid  by  the  time  that  the  vegetation  is  well  fumied  there  are  si^ns  of 
:.ion,  which  is  followe«l   by  the  fonnation  of   gninnlation-tisHue 
Itimately  by  cicatrisation.     In  autopsies  of  crises  of  acute  rbeuiuali.'im 
frt  is  often  evidence  of  pre-existing  enrlooarditis   to  which   a   fresh 
lAumiiaiion  haa  been  suj)eradde<l.     Kimiger  has  utU'.ni]>ted,  on   hiato- 
grounds,  to  separate  rheumatic  endocarditis  from  other  vcirucoso 
in    the    lining   membrane   of    the    heart.      He   considers    the 
ciwvteristics    of    the    rheumatic    inHanimation    to    )»e    (1)    widespread 
'   '   'itioii  of  the  lesions,  which  are.  however,  focal ;  (2)  that  the  lesions 
'      laively  deep  seated;  (3)  the  intense  reactive  phenomena;  and  (4) 
t**!-'  o^iematous  condition  of  the  endocardium. 

The  mi/orfudiuiii  is  prolmbly  often  affectwl,  but  it  is  only  in  severe 
*?»e«  that  the  changes  are  pronomicc<l.  These  consist  of  celhilar  inHltm- 
^^^*ns  of  the  intermuscular  connective  tissue,  eai)ecially  in  the  region 
the  atrioventricular  boundary,  and  also  in  the  connective  tissue 
D[>anying  the  bb.Mxl-ve-ssels.  These  cell -intiltnitions  are  usujilly 
and  are  prone  to  become  homogeneous  towards  the  centre.  The 
?T^»ence  of  hyidiiie  thrombi  in  the  small  arteries  has  nUo  been  noted 
'^^jmberg). 

In  recent  years  the  histologj*  of  the  r/krumti/ic  nodttie  has  been  inveati- 
^^**t«l,  especially   by  Drs.  Poynton  and   Still.       I   have   examined   fow 
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iioduleft,  two  excised  in  uii  «iirly  atagu  tJuriiig  life  hhiI  tvnt  rctuvred  ifii^ 

tlejLth.  In  the  centre  thore  is  a  homogeneous  BubsUuicc  iviTaiLcnl 
luyert)  and  couUining  in  iu  periphery  some  cellti,  Vn.  Fuyntun  juxj 
hnve  (ItMcribwl  the  hyalinc-liko  siihsUiico  aa  filu-in,  btit  with  fibrin-ttain 
(Weigcri's,  Kockcl's)  I  have  not  obtained  characteristic  r««ct4oi)i.  TVi 
prucefiB  sctiins  mure  allie^i  to  ca-igulation- necrosis,  with  a  homogeofaai 
traTisfnrriiation  of  ihi*  fibres  of  the  connective  tir^iniu  uf  the  cutis  in  wbrii 
the  ncHliili:  lies.  The  histological  limita  of  the  nothile  an*  not  sharp,  Ul 
j^Tailually  [kijsh  into  a  ceUutar  reactive  area  iu  which  tortuouA  venselt  m 
usually  very  lujirked  features  (nilc  also  p.  C55). 

Lung/t  and  Pleura?.  -  The  pleural  cavities  often  contnui  au  essm  ol 
Huid.  sometimes  semua,  sometimes  fibrinous.     Snppumtivc  exudate* 
mostly  the   result   of  mixed  or  aec^iiidary  iiifeclioii!^.      Iu  the  few 
pneumoniii  which  have  been  examined  after  death   the  lesion  )uu 
lobulitr  in  character.     A  genuine  lobar  pneutriottia  due  to  pneu 
has  )dso  been  obaerve-d. 

The  sequels  of  rheumatic  endocarditis  may  occur  in  the  form  of 
inf'iTck  of  the  spleen  and  kidney.     M'hen  high  fever  has  oxi-sl«d  for 
time  cloudy  Bwelling  of  the  parenchymatous  cells  of  the  groat  abdoi 
organs  has  also  l>een  frequently  noted. 

The  changes  in  the  /*«"nvH.<  .tv^^em  in  rheumatic  chorea  liave  not 
satisfactorily   worked  ouL      From  their  recent  w<>rk   l)r*.   Poynum 
Paino  (1)4)  consider  that  there  are  numerous  small  lesions  vx 
the  hlood^-apillaries  and  caused  by  the  lUjilttafccus  rltntmatiou^ 
is  driven  by  the  filood-fllroam  iriUt  these  positions." 

Bacteriology.  —Of  the  rniraerous  hN-jiothcscs  put  forwanl  at  difli 
timc?i  to  explain  the  oecunence  of  rheumatic  fever  the  one  moKt  com 
heltl  in  recent  yeju's  attri)tuteK  the  ilisease  to  S4ime  fonu  of  ivA 
The  basis  of  this  belief  is,  on  the  one  hand,  the  clinical  aud  |tathol 
chaiTicters  of  the  disease,  and  cs^wcially  the  uccnrrencc  of  fu\er. 
arthrilit*.  angina,  endocarditis,  and  pericarditis;  on  the  other  hand 
is,  as  Wiis  first  ]K)iiite<l  out  by  Hirseh,  the  fact  lliat  remarkable  Huctu 
occur  at  various  Iwalities,  so  that  at  one  time  the  disease  U-ctw^ 
infrequent  while  at  another  it  assumes  epidemic  jiniiHjrtions.  Tbe 
data  which  liavo  been  held  to  prfive  the  epidemic  occurreiiw;  of  rhen- 
mutie  feMir  are  often,  however,  vague  and  unconvincing,  and  tbiH 
e8peci;dly  to  so  -  called  local  and  "  house "  epidemics,  a  consid 
numJicr  of  which  have  been  recoitlwl  (Thomel,  Lebert,  Efllefsen.  Fiewi 
I^nige,  Fiedler).  Small  "  family "  epidemics  hjive  b«'en  rcf>or 
Thorescn,  ^^antlc,  Meyer,  Talamon,  Turner,  Hawthorne,  Josseran.  Sinrt 
the  itiiiividuals  affc^oted  have  l»ecn.  in  ra;tny  avses,  bU>od-ivhiliotis,  tlx 
alle^'^d  hereditjiry  disposition  to  acute  rhenniatism  deprives  oliservationi 
of  this  kind  of  a  goo«l  deal  of  their  value  as  evidence  of  infectivity 
Nurses  and  sick-room  attendants — not  blood -relations — are  not  knoimti 
he  infected  from  pntients  suffering  fnnn  rheumatic  fever  (Pribnitn 
the  greatest  nirity  and  diliicult  to  interpret  are  uises  of  simu 
affection  of  mother?  and   newlv-boni   children.       In   Schnefer'i 


a^d  thirty-five  vus  attnckecl  with  severe  polyarlhritis  of  rheu- 

tie  chunict^r.     Fuiir  <\ay»  Inter  sho  boro  ii  i-hild  which  on  the  thirti 

•beirod  swelling  of  various  joints.    In  spite  of  trealmeiiL  by  salicylines 

tbe  diiKvwc  xviiB  (nt)tract«il  in  both  ciises.     Pocock  trwiled  fnr  riKuinatic 

irtcr  i\  feiii»lc  eight  months  prtij^nant.    Diin'ng  the  attack  a  chilil  was  born, 

iuul  within  twelve  hours  it  w&s  seized  with  arthritis,  sweating,  and  high 

(ever.     Mothur  und  child  made  a  rajiid  recovery  under  salicyljttes,  the 

mother  with  a  cardiac  les^ion,  the  child  ivitiKuiL  complication.     In  searching 

eaudo  or  cauMS  of  acui.e  rheumatism  we  arc  met  nt  the  outset  by 

^idenibic  <lifticulty  that,  while  the  concept  of  the  diseiwe  is  cliniod, 

ili  modern  (i«iciitific  impiiry  Khewa  how  uns-ife  it  is  to  relv  solely  on  such 

i  Usis.     Although  most  physiciana  who  have  studied  rheumatic  fever 

regain]  it  as  a  diseafie  nui  (jnieWy  thit>  belief  is  not  universal.     A&sumiug 

liut  it  is  an  entity  we  expect  it  to  be  caused  by  a  specific  vims,  as 

(•irtfri'iloj^ind  research  ha«  tJinght  u«  (1)  that  each  infection  is  cause^l  by 

U'  infective  agent,  ('2)  the  given  infection  is  produced  only  by  the 

us  agent,  (3)  the  given  infectious  agent  always  produces  the  given 

infection  and  no  other. 

Before  dejding  Ui  detail  with  the  bacteriologv*  of  acute  rheumatism, 

It  miut  be  jidmilted  that  the  problem  reduces  itself  to  this : — Is  rhou- 

tt'ver  H  specific  diseaj**/ 1      If  so,  we  are  justified  in  exjteeting  a 

vints  as  its  cause.     If  wo  find  preponderating  evidence  of  ordinary 

.■>ns  microbes,  it  may  be  that  rheumatic   fever  is  not  a  disease  siii 

In  such  a  case  we  should  not  be  justitie*!  in  saying  thai  it  cainiot 

t:ntity,  118  these  ordinary  microbes  might  be  found  in  practically 

-irij.  ciise  and  still  not  he  the  cause  of  the  disease,  hut  merely  of  secondary 

inil'ortance. 

A  large  inmd>er  of  investigations  have  b«en  carried  out  in  the  c:ise  of 
fliramatic  fever,  and  search  for  the  hypothetical  virus  has  been  made  in 
pirtA  where  there  is  r«uon  to  believe  that  it  exi.nts,  thus  in  the  joints, 
^ood,  heart  lesions,  nervous  sj'stem,  lymphatic  apparatus  of  the  thi*oat, 
^J  in  the  urine.  From  analysis  of  the  results  obUiined  by  the  in%-esliga- 
0'»n  of  th&se  tissues  and  fluids  it  is  manifest  that  most  divergent 
f'fliclu^ions  have  been  reached.  This  is  due  partly  to  the  difficulty  of 
t^>e  certain  diagnosis  of  rheumatic  fever,  and  to  inefficient  precautions  in 
tne  bftcteriological  investigations,  and  partly  to  the  interjjretjilion  put 
apfju  the  obserx'ed  fact8.  From  consiileratioti  of  the  published  work  as  a 
*holL'  it  is  remarkable  how  discordant  the  results  obmined  are  in  a 
'^ueasc  which  appears  to  l)e  so  well  defined  from  the  clinical  point  of  view. 
RtUtively  few  of  these  researciies  were  condiicled  with  the  stringent 
^tuWi  of  diagnosis,  technitpie,  and  results  that  have  eh;iracterised  the 
•orking  out  of  many  xrell-known  infections,  und  herein  lies  iho  chief 
difficulty  in  discussing  and  interpreting  the  results  in'therto  obtJiined. 

(a)  Entmimiiion  iff  ,hmt  Ijfsions. — Bacteriological  examination  of  the 
JMnt«  daring  life  or  after  death  has  aheivn  either  that  the  cultures  remain 
"terile  or  that  growths  of  cocci  occur  ulon^^  or  in  association  with  mici'obes 
which  «re  manifestly  contaminations.     Kraus  found  a  streptococcus  in 
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thu  joiaU  of  children  sufleririg  fioia  acute  synovitis.  GtittDunii. 
case  reganled  as  rhcuiruitii:  fev('r  btit  evidently  wptic  (multiple 
in  kidneys,  ntusclcs,  pericardium),  found  SUtpU  tjUicofcvs  inffujrt^ft 
Mantle  grew  on  gelittin  tu'o  organismfi — h  coccub  and  a  spuring  laciilifi. 
G.  \aoii  and  Biiday  buth  ffiund  strep tocixrci  iu  joints  i^miuined  |w«- 
mortera.  Sahli,  who  had  unifonuly  negative  results  up  till  ]^9*J,  iuUid 
St'fphyliX'-occus  jitju'jenes  riirat^i  from  a  case  of  rheuniAtic  fever.  Thf  «- 
amination  took  j)lacB  fourUseii  hoiu*s  aftttr  death,  and  Lhi!  coct'iu  ira 
found  in  the  gymt^'ial  niemlir.me  hut  not  in  thu  joint  Huid.  )ljinifttiiAi 
found  streptococci  and  .siaphylmocci.  Melkii  h  found  a  sporiii^  uUMmlii 
bacillus  known  as  the  Bacillus  of  Achalme  {tidf  p.  613)  in  four  ca«»  i 
the  periarticular  Huid  In  throe  other  casoa  a  similar  bacilliu  was  {m\k 
in  association  with  pyogerietic  cocci.  Mcn/^r,  in  an  exaininntion  of  bv 
causes  during  life,  found  two  sterile.  In  the  remaining  lhrt«  <onc  < 
which  wius  complicate<l  with  gonorrhtea)  he  obt.'iine<I  c4M:ci  which  wpj 
pnicticftlly  without  jNithngenetic  effect  on  ntbbits ;  in  the  gf»n«<rri»M 
cjiso  the  cocci  producing;  swellinj^  of  the  joints  after  inti-avmuuit  iuucol 
tion  in  the  rabbit.  I>rs.  Benton  and  Ainlcy  Walker  found  the  Kxdk 
MkroroccH:i  rheurmticu^  (ride  p,  613)  in  one  case  infra  ritam  in  th«^ 
fluid,  and  Dr.  Beattie  found  it  in  three  cases  after  death. 

In  comparison  with  these  positive  result*  a  numlwr  of  wn-iters 
failed  to  find  raicro-or<^nisms  in  the  joints  t>r  have  oirc.'utionally  rthuiw 
Gontiinitnatiu/;  microbes.  Thu.s  C.'hvoatek  in  17  cases  had  nu^tn 
results  only,  and  the  same  has  been  the  experience  of  MichuelU  M 
cases),  Philipp  (6  cases),  Cole,  and  Pribi-ara.  In  one  fatal  case  cxahjiik 
a  few  hours  after  flejith  Pribram  was  unable  to  olxain  any  rultiv»timi 
Chvoatek  has  also  pointcil  out  tliat  growths  ma}-  be  oblaineil  fnjm  tl 
joints  of  ardmalH  after  death,  i-ven  when  no  inocuhitions  had  been  nu»l 
Apparently  in  no  case  examini'd  in  the  eai'ly  stage  of  the  joint  afftfcti> 
h;LS  any  organism  been  found  dining  life.  In  many  of  the  positive  cw 
the  disease  had  existed  some  time,  or  the  examination  was  made  a 
of  hours  after  death. 

(h)  Kjiiiniiuiiion  of  tlh-  hloiid  nrul  of  thf  fietirt  IrMom  hrfory  tii 
death  have  also  given  discordant  results.  In  a  large  numljer  «jf  ca 
the  cultures  have  remained  stf'rile.  In  a  certain  nuud^er,  (ui|)ectii 
of  postmortem  examinations,  various  microbes  have  been  found  eit 
singly  or  in  combinations.  Of  the  older  obsonationa  it  is  eufficieni 
mention  the  folloirin^.  In  1G  cases  ^lantle  found  a  cocuus  a&sociA 
with  a  bacillus  on  gelatin  cultures.  Lion  described  a  coccus,  but  y 
unable  to  cultivate  it,  Siihli  oblainwl  gn>wths  of  ^tttfifit/loci'cru.'i  nti 
in  one  ciiHe.  Both  during  lifr  and  after  dt^tth  Aclialme  found  a  la 
8|K)ring  aiuierobic  biicillus,  a  result  confirmed  by  Papillon,  Thiroloix 
cases),  Tribotilet  and  Coyon  (1  case),  Beltencourt.  Carrici-e,  Molkich  I 
times  in  2G  cases),  Lucatello.  In  6  out  of  10  cases  Opi>enhcim  obcaii 
a  (Jram-ataiuing  coocus.  <.)pposed  to  these  are  the  neg;iliic  ren 
obtained  by  Michaetis.  Gerhard t,  Jez,  Kiilmau  (67  casein),  llivo^ 
Sitlmium,  Triboulct  and  Coyon  (A  C4iscs),  do  Si.  Cieriuaiu. 
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The  more  modern  reaoarchca  on  the  bHct-oriolugical  exumiiuvtion  of  the 
i^'«/iluriug  life  in  ucnto  rhuumatisni  have  mostly  yicKIod  nceative  rcanlu, 
tmbu  lhi>m  of  Cole  (1901),  I^.wis  am!  Longcopo  (1904)/Tlme  (lltOi!), 
Menwr  (1002),  Philipp  (1903)  (21  wwes).  T.  M'Crae  (1003),  Bulloch  and 

Kmpfion  (190C)  (14  cases),  Lcnhartz  (1903). 
hi  the  post-mortem  exuminatiun  of  cases  of  rheumatic  fever  with  endo- 
jMC  and  j/rriairditic   Ifsiona  the   numljor  of  [jiMitive  results  increases. 
W  older  reaeurchcs  the  most  imp«Jitant  are  the  following; — Klelifi 
<!*r"l  found  '*mo!uidi«u"  in   18  ca*»es  of  rhtumntic  c/tt/wtnv/i/t*.     Birch- 
Hii-^htcld  in  5  cases  found  staphylococci  ;  8ahli,  S.  cUrnuy.     In  5  severe 
r^^i.t  of  rheumiitic  undocarditiii:,  von  Lcyden  (1894)  found  cocci  in  4,  in 
(Will-  una  of  which,  however,  he  was  ahle  to  i«oUte  the  microbe  on  ascitic 
llatd.     lhOcnl;ition  of  the  culture  into  the  rahljit  produced  fever  and  in 
one  ca5C  death  ;  post-mortem,  the  coccus  could  not  he  recovered.     Tri 
boulet  and  Covon  in  a  case  of  endo-{)encArditis  found  Achalme's  bacillus 
and  a  diplococcus.     Apert  (I89S)  also  ohUiined  Trihoulel's  coccus  ijttra 
n/am.    Thicrcelin  found  a  similar  coccus  48  lioura  after  death.     In  1899 
xu  imitortnnt   ohflerA-ation  wjw   made   by  AVestphal,   Wassermann,  and 
-Malkoff.      In  a  girl,  aged  19,  dead   from  eiidocanlitis  and  nejihrilitt  osso- 
m\fi^\  with  chorea,  Wassermann  found  a  streptococcus  in  the  blood,  brain, 
■I'M  vnlvi'8.      It  ^rew  l>est  on  alkaline  media,  and  in  a  *u?ri«8  of  80  rabbits 
Ujr  inoculation  of  the  culture  produced  joint  aflectirtns  after  an  inculiation- 
lod  of  9-10  days.     The  microbe  was  recoverable  from  the  joints  after 
rth.    Drs.  Poyntcm  and  Paine  (ICO)  in  1900  ohtiiine<i  in  8  cases  of  acute 
uoatism  a  diplococcus  which  j?rew  in  chains  in  liquid  media.     The 
uiwm  grew  l)cst  on  a  mixture  of  milk  Jind  bouillon  acidulated  with 
Cticju.'id.      In  3  cases  it  was  iisolated  in  pure  culture  during  life  in  cases 
|le  [>cricardiijs.     It  wiib  aUo  found  in  imricaiiliul  Htu'd  after  death  as 
from  the  cardiac  valves  and  throat,     hater  (iDOfj)  they  repcirted 
fiftviiig  found  the  diplococcus  altogether  in  32  cases  in  various  rheumatic 
tioiLfi,  includitijj;  the  rheumatic  nodule.       Drs.  Heaton  and  Walker  con- 
led  the  results  of  Drs.  Poynion  and  Paine  in  16  cases,  including  S  of 
tilo  rheumatism,   3  of   chorea,   4    of  acute   endocarditis   in    rheumatic 
il'jects.      Tiie   exact   source    of   tfaoir   cultures   may   be   seen    in    the 
'Jlowjn^  table  of  thoir  cases : — 


Acute  rheumatism  with  peii-endocarditi.*! 
-4cit1e  rhenmatism      .  .  .  .  . 

Acute  rheumatism  with  endocanlitia    . 
^ulmcute  rheuuiatiam  +  mitral  stenosis 
A.cttte  rhcumatij^m     ..... 
"A^cute  rheumalitim  with  noduleii 
-Acut*:  rheumatism     ... 
^ubftcuie  rlictmiatism*  adherent  pericardium 
^^orea,  heart-failure 
^-^orea 

*l'njore«,  heart-failaw 
Vol  II. — PT.  I 


Source  of  Culture. 
Ueart- blood,  pust-mortem 
Knee-juint,  inira  vHum 
Uearb-blood,  post-mortem 
Urine 

Blood,  itUrtz  vitam 

Blood  ftoni  ear  lohulc,  uri»4 

Heart-blood,  posl-mortciii    ' 

It  n  t» 

Urine 

Heart-bloo*l,  post-mortem 
2  C 
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t.'ue. 

1 2.  Fnngating  endocanliiis 

*  •»•  t)  j> 

1 4.  Acute  endocarditis 

15.  ,. 


Kminw  nf  Caltaim, 
Heart^blooil,  poat-morkm 

Blood  from  ear  lobule 


In  most  coses  th»?  cocciis  was  pure  :  in  the  pos^nlo^t€m  isolations  it  mi 
(>ccasioniilly  uonUiminated  wth  7*.  rf>li.  In  two  out  nf  three  oases  in  whick 
it  was  iBolatod  from  the  lobiilt*  of  the  oar  it  was  contaniiiiiit^  nhii 
SUiphuloctjccm  ulhuit.  Lewis  and  Longcope  (190*1)  isoIat^Kl  (12  hours  aft«r 
death)  a  simihir  wicuns  from  the  mwiinn  bartiHo  vein  f>f  a  case  of  clior» 
<lying  with  endocarditis.  Negativo  results  have  been  obuiiiiH  ''^ 
WeichseUwuim,  Hnrbitz,  Schottmiiller,  Bulloch  and  Thompson.  Hi 
examined  (>  cases  of  churnctoristic  rheumatic  endocaitlitis  and  <.'ti;i 
find  no  raicrol>e«  microscopically  or  on  culture.  Dr.  Thompson  ii»i  I 
examined  the  eiidocarditic  lesitms  in  4  casert  of  severe  mpidly  i^ul 
rheumatic  fever  and  found  no  microbe  microscopieally  or  on  ciiltisnti-xi  ^^ 

In  Uhmimiic  Perinirditis  the  results  have  been  equally  divergent,  ^il^H 
following  organiBmH  having  been  found:  St'tpht/loccK^ns  eUrfux  (Salilif^^ 
Achalme's  Iwicillus  (Aohalmn),  iS7«/iAy/r«x^crtw  «tfreiw  (Triltonlet),  Aehalnic'i 
iKicillus  and  diplococci  (Triboulet  and  Coyon),  liiplococL-i  (royntim  .tmi 
Paine,  Bnaton  and  Walker).  In  3  eases  examined  with  Dr.  Thofii|i^-H, 
I  found  the  pericaniial  Huid,  taken  shortly  after  dcjith,  to  be  stoiile.  In 
one  u^ui^1ml]y  severe  case  in  a  boy  aged  15  with  a  history  of  repeated 
sore  throat,  and  one  previous  attaclt  of  rheumatic  fevor,  there  hml  iKra 
In'gh  fever,  g(*neralise<l  nodules,  severe  peri-  and  endocarditis.  Tb« 
examination  -of  the  pericardial  fluid,  pericanlial  membrriue,  endocaniul 
vegetations,  rheumatic  notlule§  yielded  sterile  cultures,  although  differrnt 
media  were  inoculated  and  maintained  aerobically  and  anaerobinLlty.  Tbn 
microscopic  examination  of  the  |>ericardium,  endocardium^  and  Dodnkn 
failed  to  shew  any  mici'obos. 

(t)  Examimlion  of  Pletins^  and  Plenrilic  Erudales. — ^Positive  bactvrin- 
logical  result-s  have  occurrt^d  in  a  very  few  cases ;  the  organisms  found 
l»eirig  streptococci  ((Iiil)eit  and  Lion),  iSUtphfluromtA  uureivt  (liohUrhcidcr), 
B.  of  .\clialme  (Thiroloix).  In  by  far  the  greater  number  of  ca.-*tii  the 
exudates  have  been  found  sterile  (Kracht,  A.  Fninkol,  E.  Levy,  Fiedler. 
Afttdiort",  Singer,  Pribmm,  de  St  Germain,  Bulloch  and  Thoropftou). 

Pneumnnia,  Avhich  is  a  rare  complication  of  rheumjitic  frrcr,  baK 
seldom  Iwen  the  subject  of  investigation.  In  one  fatal  case  (autopsy  hy 
Chiari)  Pribram  found  the  pneumococcus. 

('/)  Efaminaiiou  of  itujitui  Tihfufiuilica, — The  lesions  in  the  lymphttic 
appitratiw  of  the  throat  in  oai^es  of  acute  rheumatism  have  been  the  .iuIk 
ject  of  rei)eatcd  invesiigiition.  The  bacteriological  uxamination  of  ihii 
region  is  beset  with  diOicidties,  especially  in  regjirxl  to  the  interpretation 
nf  the  results  obtained.  Further,  it  ia  likely  that  the  importancr  of 
throat  examinations  in  case^  of  acute  rheumatiHrn  has  boon  overostimated, 
when  it  is  rcmomberod  that  tho  frequeuey  of  such  lesions  is  subject  lo 
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peat  Tariaiions  (r7-80  per  cent)  <  Pribram).  The  principal  biwrterio- 
Iwical  c.vAminiLtions  of  the  rheuni;itic  throat  have  been  cai-ried  out  by 
F.Mpyer  and  by  Ifenzor(BDrlm)  with  divergent  results.  Meyer  took  some 
ii  the  exudute  from  the  tonmU  ;ind  inoculated  it  directly  into  lioiuUon, 
Hnd  employed  the  mixed  culture  thus  obtained  for  inotndation  into 
mbhits.  In  about  a  week  after  Inoculation  he  obsen^ed  arthritic  lesions 
inMB  which  he  obtained  diplococci,  staining  faintly  by  Gram's  method. 
TliL'  exudate  in  the  joints  wjut  o[.»a<[iit',  of  nuicoid  consistence,  and  Cdn- 
taiDtti  a  number  of  leucocytes.  The  joint  lesions  were  constant,  and  in 
iiImwi  10  per  cent  of  tho  animals  inoculated  the  serous  membranes  were 
iitf0ci«d  with  ftcrouB  or  scro-sanguinolcnt  exudates,  which  were  for  the 
ao«t  part  «terile.  In  25  per  cent  of  tho  cases  endocarditis  vernicoKi  or 
akerosA  w-is  also  induced,  the  cocci  Ijeing  founcl  in  pure  culture  in  tho 
leboru.  The  blood  and  other  orgsms  were,  however,  sterile.  The  cocci 
were  uhtaincd  as  above  in  12  cases  of  angina  rheuraatica.  Meyer  idso 
dimIo  control  experiments  with  iit  reptococci  oVitaincd  fmni  normal  throats, 
prxiucing  thereby  in  one  case  a  pericarditis  and  in  another  a  fatal  sepsis. 
He  also  examined  6  caso^  of  non  rheumatic  anginas,  and  from  one  of 
LhsM! — a  c>«*e  of  scarlatina — he  isolated  a  streptococcus  which  produced 
joint  exudates.  A  coccus  similar  to  that  of  Meyer's  was  also  isolated  by 
IH  Poynton  and  Faine  (160)  from  a  rheumatic  tonsil  Glaser(H'Ol)  also 
produced  sterile  joint  exudates  in  rabbiU*  by  streptococci  obtained  frrtm 
rbenDAtic  tonsils,  a  result  occusiotmlly  produced  by  streptococci  from 
Borniftl  throats,  and  more  frequently  by  cocci  isolated  from  various  non- 
riieomjilic  forma  of  angina.  Although  the  joints  may  contain  numerous 
cocti,  the  W<Av\  and  Wscera  in  such  cases  may  l>o  sterile.  Mcnzcr  (1902) 
*C!ii  to  work  in  the  inost  orthodox  fitshion  of  isolating  the  organisms  in 
[ttro  mlture  from  pieces  of  tho  excised  tonsils,  and  then  inoculated  the 
cultures.  Ho  was  unable  to  distinguish  in  culture  streptococci  from 
nnal  and  from  rheumatic  tonsils.     Cocci  from  1 1  cases  of  rheumatism 

re  ino<'uIated  into  19  rabbit*  in  quantities  of  G-8  c.c.  of  ascitic-ljouillon 
In  general  he  found  that  streptococci  from  rheumatic  tonsils 

Uce  multiple   sterile  joint  lesions   and   endoauditis.     Oeciisionally, 

r,   the  joints  contained   cocci.      Other  comptications  wore   lung 

pneumonia,  local  abscesses,  and  in  certaitt  cases  the  cocci  were 

-pAthogenetic.  ^lenzer  s  control  experiments  are  also  of  importance  ; 
«trepti>c*X'ci  from  normal  throats  he  obtained  hypenemia  of  joints, 

tiple  eiubolic  foci  in  heart,  endocarditis  and   pericarditis,   although 

■^kI  .ind  jomts  were  apparently  sterile  ;  with  streptococci  from  different 

l*>niis  of  non-rhcuniatic  angina  he  obtained  in  one  case  efflorescences  on 

tricuspid  valve  ;  with  a  streptococcus  obtained  from  mamniary  pus  he 
ticed  joint  swellings  and  verrucose  endocarditis;  with  a  streptococcus 
frum  a  characteristic  case  of  septic  endocarditis,  multiple  joint  lesions 
onsiiei.1  in  which  cocci  were  fuun'l  by  piuicture.  J*;iter  the  swellings  dis- 
ippuired,  and,  when  the  animal  wiw  killed  five  weeks  later,  cidtures  there- 
remained  sti^rilc 

<)  Examinaiim  of  Bheumatk  ^WluU^. — Drs.  Poynton  and  Paine  (163) 
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succeeded  in  recovering  their  diplococcus  from  rbeamatic  nodalM 
mortom.  Their  method  was  to  excise  the  nodule  vitb  the  usual  ai 
precautions,  and  to  tranR|>laiit  it  into  milk-bouillon,  obt&ining  on  the 
diiy  a  pme  culture  of  <lip]ococci.  Neither  in  two  nodule.%  wiciwd  dl 
life  nor  in  two  Uiken  immediately  after  deiith  could  I  £nd  bftcteria  a 
acopically  or  by  culture. 

(/)  E.ram'uintmi  of  Charm  and  CWehml  liUtrumnti'tm. — Dana  (\ 
found  diplococci  in  a  case  of  chorea  in  which  there  was  n  chronic  i 
meningitis  of  the  brain  and  the  upi>er  part  of  the  cord.  In  a  severe  oj 
rheumatic  endocarditis  and  choreji,  Triboidct  and  Coyon  (200)  | 
Achalmo's  ImiclUus  forty  hours  after  death.     In  two  cases  of  chorea  I 

(1898)  found  Triboulet's  coc  ' " 

found  diplucucci  in  ttiu  brai 

Drs.  Poynton  and  Paine  (163)  iaulatod  a  similar  dipl 

caaes  of  chorejt,  and  in  3  cfwcs  of  chorea  l)r«.  Iteiiton  aud  Walker  I 

the  same  coccus,  twice  in  the  heart's  blood  and  once  in  thu  urine,    j 

Cases  of  cerebral  rheumatism  have  not  been  frtM^uently  examin 
a  case  exjiminmi  Iwth  during  life  and  after  death,  Souque'j  and  C 
found  the  eurubrr>-8pinul  fluid  sterilu ;  Triboulet  had  a  Rimilar  ex[ 
Pic  and  Lesicur  foiuid  Achalme  s  bacillus  in  one  case,  and  in  a  se< 
ctdtures  were  sterile.     Achalme   found   the  cerobro-spitial   fluid  i 
although  the  blood  was  rich  in  anaerobic  sitore-bearing  liacilli. 

(v)  Eraminatton  nf  Uiitie^ — Investigations  into  the  !>act^':riology  i 
urine  of  ciwos  of  rheumatic  fever  have  iM^cn  canied  out  on  nn  cxt 
scale  by  O.  Singer,  also  by  Chvostck,  Knins,  rrnnr.,  and  othrrs  wi 
divergent  results.     In  85  cases  Singer  obtained  positive  results  49 
he  found  several  different  microljea,  via. :  Stapkylucocaut  albun,  y3 
Si'tjthylocodCits   aureus,    1  -l   times ;    Staphtfloeor^t£  ar&u^  ulbiu,    1 3 
StrepUicocms  pifogrtwa,    15   times ;   Strejjlococeu^  congtomeraim,  20 
other   cocci,    1    time;    H.    foU.    3    times;    contaminations,    ISfi 
Singer's  methcl  of  obtaining  the  urine  for  evannnation  was  d 
technicjilly,   and   Chvostek,   who   adopted    proper   precaiuioiis,   v 
entirely  different  results,  as  was  also  the  case  with   Knuis  and 
With  Singer's  method  employed  on  normal  people,  Chvostek  o' 
cocci  10  times  out  of   18  cases,  and  Lit-ten  found  cocci  in  every 
case.      Disinfecting  the  anterior  part  of  the  nrolhra,  Menzer  foun 
normal  male  aged  17,  thirty-two  colonies  of  staphylococci,  dipltx-ucd 
u  diphtheroid  bacillus.     Drs.  Poynton  and  Paiin*  isolatett  their  diplod 
from  the  urine,  and  Drs.  Beaton  and  Walker  did  the  siimc  in  4  cas4 
one  of  subacute  rheumatism  and  mitml  stenosis,  two  of  acut«  rheuin 
and  one  case  of  chorea. 

fi/jtitrnf'  of  Jirgiilf.s  in  amntfxvm  tcUh  Utfpotkfiu  of  Infective  PiUhoiiet 
HhfUTiuttk  frrrr. — A  glance  at  the  resultf*  doacrilwd  alxive  shewi 
nmubers  of  different  micro-organisms  have  l)oen  iw>latcd  from  ca 
acute  rheumatic  fevur.  As  far  as  concerns  the  bhMxl,  the  examiB 
made  during  life  have  in  the  main  yielded  ne^nitivo  resnltju.  ct 
made  upon  ditlcreut  media  haWng  remained  sterile.     In  a  cert»tn  nl 
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(^  cues  stApfaylococci,  streptococci,  aiid  diplococci  have  l>eeu  foiiiul.  In 
tho  pofii -mortem  blood  examinatione  positive  results  occur  with  much 
iTfiter  frequency.  Here  again  we  find  a  series  of  cocci,  and  in  a  nunil>er 
■  ^  Achaline's  bacillus.  In  \nil  a  few  cjuses,  even  of  severe  endo 
.1  ..Lis,  cultures  have  remained  sterile,  and  the  microscope  baa  failed  to 
tftrtil  the  presence  of  microbes  (Weichsclbaum,  Harbitz,  Bulloch  and 
Thompson).  In  regard  to  the  joint  lesion^  iufm  t^hrn,  examination  has 
111  the  majority  of  cases  proved  negative.  Post-mortem  examination  b;is 
thcima  number  of  diffen-^nt  bactma — mostly  c^tcci.  Kheumatic  plourisiea 
wc  usually  sterile.  The  exaniinatiDn  of  the  throat  lesions  is  ruanifestly 
DRsattsfoctory,  and  in  a  still  gioater  degree  the  results  which  have  Iteen 
nfatuned  in  examinations  of  the  urine.  In  the  case  of  the  charnctorititic 
rhiunmtie  nodules  tlie  divergence  of  results  is  c<pially  disjip}H)intinj.;. 

Apart  from  tho  ordinary  pyogcnetic  cocci,  the  bacillus  of  Achalme 
iml  the  diplococcus  de»cril»ed  hy  Trilxmlet  and  by  Drs.  Poynton  and 
I'tine  must  be  specially  considered  in  reference  to  the  etiology  of  rheu- 
matic fever. 

biiriHti»  of  Achaliite, — ^l'hi«  is  a  large  motile  Gram-staining  anaerobic 
hwilliH  which  forms  terminal  spores.  Its  length  is  8ul>ject  to  some 
VKriation  :  short  in  media  containing  milk,  sugar,  and  glycerin,  it  is 
I'lng  in  or'linary  bouillon,  and  may  actiudly  grow  inlo  filaments.  It 
^)Vh  between  a  miuintmn  of  25''  C.  and  a  maximum  of  40'  C,  flourish- 
iKist  between  30'  and  38".  Milk  is  curdled  in  twelve  to  fifteen  hours  ; 
is  liqueHcil,  and  gas-production  is  constant..  Inocidutiun  into 
produces  a  umtisive  sero-sanguinolent  a'dema  at  tho  point  of 
lion,  with  exudates  into  the  sei-ous  cuviiics.  Guinea-pigs  are  von' 
ible  to  its  action,  mice  much  less  so ;  rabbits  react,  wnth  severe 
lesion*.  Tty  injecting  the  pleuml  exudates  of  infected  guinea-pigs 
into ubbils, Thiroloix  (194)  produced  a  condition  superficially  resembling 
wouj  rheumati.'im,  especially  in  lis  cnnliac  manifcKtation.'^.  I>r,  Hewlett 
liw  {M^inted  out  that  Aehaime's  bacillus  is  probably  iilentical  with  H. 
rMkritidts  sporogaifs  (Klein),  a  \new  also  acknowledged,  with  Hmitn- 
H^oiA,  l»y  Achalmc  hinisi'If,  who  further  identifies  it  with  B.  pcrfrUiffau 
^^P  Veillou. 

^^B  iHplftrocats  of  Trihoiil'-t,  J'oi/nhu  and  Pnine.  Mirrororan;  rhmrnti lints  of 
^^^otm  and  /tinUi/  Jfalkrr.  —  The  diplococci  isfjlated  by  Wa^'sennatin, 
^^Kboulet,  and  Coyon,  Drs.  Poynton  aTid  Paine,  licaton  and  Ainley 
^^Wiillter,  and  Beattie  are  generally  consideretl  by  these  authors  to  }*e 
•*ltiitical,  and  may,  for  the  sake  of  brevity,  be  ("inftorarHf/  spoken  of  jw 
lf*f4in-ttcriis  rhfiinuitieu--i.  Triboiilet  described  it  as  of  variable  form,  but 
mostly  as  a  diplococcua  or  in  chains  of  4  to  6  elements.  It  stains  by 
'Jram*  inellirKl.  On  agar  and  gelatin  it  grows  as  small  tnmslucent 
"lifinie*,  and  even  shewed  giowth  on  potato.  Milk  is  i-apidly  curdled. 
In  tliiid  media  Tribonlet  found  lactic  and  acetic  acids  in  quantity,  along 
*nth  traces  of  valerianic  and  formic  acids.  Tho  coccus  grew  aerobicully 
and  anaerobieally.  In  Tril)oulet'ji  hands,  with  cocci  obtained  from  5 
cases,  the  results  of  inocuUtion  were  ncsative.     With  the  coccus  obtained 
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fmm    a   catio  of   chorea,  one  rabbit  inoculated  with   12  c.c  of  ctUtun 
shewed  endocarditis,  hut  the  joints  were  normal. 

I>rs.  PoynLou  arid  Paifie's  coccus  grew  hest  in  a  mixture  of  milk  and 
liouillon,  HciduiatiMl  with  lactic  uci<l  and  incubated  aniierobieallr.  lii 
their  Kist  publications  thoy  described  their  <liplococcus  u  "eauih 
decolorisod  "  by  Oram's  method.  The  intravenous  inoculation  tif  Urtc 
doses  (contents  of  Heveral  btood-agar  tulies)  proilucod  ven*  definite  wi 
constant  pathological  rcsulta,  including  polyarthritis,  bursitis,  icw- 
synovitis,  multiple  valviditis,  jwricarditis,  plastic  pleuris}'  and  pncumonu, 
nodules,  chorea,  and  even  iritis  (2  laiaes) — afijwrently  all  tlie  cUssical 
lesions  of  rheumatism.  In  most  of  the  legions  cocci  were  found  )'V  tbr 
microtH;oj}e  or  in  trulturv.  As  a  result  of  their  experiments,  Drs,  Poynlwn 
and  Paine  concluded  that  the  diplococcua  wa«  a  cause  of  rheumatic  Uvej, 
and  latterly  (ICEt)  that  it  was  ifn'  cause.  Tlie  experimental  joint  lesion* 
are  of  the  natiue  of  polyarihT'itis,  and  the  exudate  varies  from  a  don 
bloo(I-st-iiiu^<l  ttuid  to  a  thick  tibrinocoDular  niaAs.  The  diplooocci 
often  difficult  to  demonstrate  in  the  joints, 

Di"8.  IJeaton  and  Ainley  Walker  confirtncd  the  reault«  of  Dre.  Povut 
and  Paine,  isolating  the  diplococcua  in  lo  cases  as  detailed  above, 
found  it  was  (^tram-positive,  and  they  concludetl  that  in  ordinary  cultiw 
media  there  is  nothing  to  diRtinguish  it  witli  rerUinty  from  Sfrrptor^nu 
ptftMfffie.'i.  Dn  applying  Mamiorek's  teat  they  found  that  the  Mtrrt-nvvvi 
rheuvmiiat-ft  grew  in  broth  from  which  a  cultiu'e  of  *^/r'7>/'»i(«Tw.?  pint^ovt 
\m*\  licen  jittered  ofi'.  The  coccus  grew  on  very  alkiilino  metliii  (  -  25  iw 
Eyre's  scale).  On  blood-agar  they  uotod  that  die  haiuioglotun  mund  \Jbt 
colonies  becomes  of  a  maty  brown  or  chocolate  coloui'.  In  rabbiu 
seventeen  poj*itive  i*e8idts  wei*e  obtained,  comprising  fever,  wasting 
monarthritis,  polyarthritis,  [iiu'esis  of  limbs,  eiiib>ciU'ditit»,  and  se]ilic»'miji 
Large  doses  were  required  to  produce  these  residts,  exrcpt  in  (Cultures  n 
passage.  In  a  subsequent  piiper  l->r.  Ainle}*  Walker  and  Mr.  Uyffel  fonm 
that  relatively  large  ([uoiitities  of  formic  acid  were  generated  in  culture 
of  the  micrococcus,  and  they  also  foimd  appreciable  quantities  of  ih 
same  acid  in  the  urine  of  those  sufTeriiig  from  rheumatic  fever,  wherea 
in  ni>rmal  urine  it  is  alecnt  or  present  only  in  tnices  (v.  .laksoh) ;  uiide 
salicylate  trt^itment  the  amount  of  formic  acid  dirainished.  The  origi 
of  the  formic  acid  they  attributed  to  oxidation  of  aiircnlnctic  acid- 
ClI,CnOII . COOIi  +  O  =  CH«COOH  f  H.COOH.  Dr.  W,  V.  Shi»w  inwi; 
hvtefl  monkeys  with  cocci  isolated  by  Wassemiann,  Poynton,  and  Ainte 
Walker,  In  one  case  a  transient  artliritis  supervened  in  twelve  hoiu 
after  inoculation  ;  in  another  he  noted  polyurthntis,  [lencnrditi^,  ond( 
carxlitis,  niy(>c;irdiliH,  hiumorrhagic  infarcts  of  kiilney,  bronchopnoumoUM 
eulaigemont  of  the  (Spleen,  and  death  on  the  fourth  day.  In  the  thin 
experiment  polj'arlhritis  wiis  followed  by  a  mitral  systolic  munuur,,, 
the  animal  recovered. 

Lewis  and  Longco|)c'H  diplococcua  (vidf  p.  610).  in  doses  of  I  c.c, 
2  C.C  respectively,  pi-oduccfl  art,hritis  in   rjibbits,  with  thick,  pultacooiu 
creamy  fluid  in  which  cocci  were  found.     The  coccus  grow  woll  in  biot] 
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Hi  which  Streptococcus  ptjogenes  hsu\  alreaJy  been  grown  ;  but  a  atrepto- 
00GC&6  from  puerperal  sepsis  behaved  in  the  same  way,  thus  throwing 
monderable  doubt  on  the  \Tihie  of  Marmorck's  test  for  ditl'ercniiatin^ 
slrp(iUK:orcL 

The  diplococcus  isoUtcd  by  Dr.  Beattie  (107)  appears  to  be  idcntiad 
with  tliose  descnbed  above.  He  umpbusised  its  grcjit  Wtalit}'  on  various 
nnlia,  and  found  that  it.  grows  bti«l  at  room-tempera  lure  (20  C),  and 
Uwt  the  growths  on  gelatin  ai*e  relatively  abundant.  Anaerobic  cuiliva- 
tion  in  hiB  hands  appeared  to  be  luifavoiirable.  By  intravenous  inoeula- 
imri  Or.  Bealtie  pr<T<hi(ed  endooarditis,  polyarthritis,  unfl  chorea,  a 
ciini>inaliou  of  lesions  similar  to  those  in  rheumatic  fever  in  man.  r>r. 
Bnitie  concludes  that  '^  Micrococcus  rhetumiiuuts  is  a  spt^cial  ur^inism  and 
I*  Miijial  in  acute  rheumatism." 

CcrncUisions. — From  the  diversity  of  the  bacteriological  results  it  is 
rm!  hitrprising    that    oven    ihase  who  anpjxirt  the    infective  byi>otbertiH 

i!  i  arrive  at  different  conclusions  as  to  the  microl»e  or  microbca  con- 
1    1      These  may  l>e  summed  up  briefly  as  follows : — 

1.  rOieumatic  fever  is  the  result  of  an  infection  with  a  MpeciKc 
wiftcrobic  bjicillus.     (Aehalme.) 

3.  Kbeumattc  fever  owes  its  origin  to  staphylococcus  and  strepto- 
coccus, and  \s  merely  an  attenuated  form  nf  pyicmia.      (IJ.  Singer.) 

3.  Uheumatic  fever  is  not  due  to  any  jiartieular  micmbe,  but  is  a 
pAnJctdar  reaction  in  predisposed  persons  to  various  microbes,  especially 
jtreptocooci.     (Menzer.) 

{.  Kheumatic  fever  is  the  result  of  an  infection  with  a  specific  diplo- 

!U8.     (Poynton  and  Paine,  Ainlcy  Walker,  BcAttie.) 

5.  Uheumatic  fever  is  due  t<>  a  vinis  still  unknown.  (Pribram, 
tiliartz,  and  others.) 

There  is  much  against  Achalme's    hypothesis  that    rhetmiatic   fever 

1>y  an  anaerobic,  sporiiig  luieilhm.      This   organism    lias   Iteen 

a  relatively  small  rnimbcr  of  eases,  and  then  for  the  moat  part 

death.     It  has  also  been  found  in  a  case  of  malariji  (Melkich).     The 

set  up  by  its  inoculation  into  ralibiu  has,  with  the  exception  <A 

Ittults  of  Thiroloix,  none  of  the  features  of  rheumatic  fovcr,  but  is 

le  type  of  a   malignant  oidema.     The  identity  with  l)r.  Klein's  H. 

utidis   .*/wyrw/«*/i/'.«,    and    the   (Kxurrencc    in    rhenmatisni    of    Aehalmc's 

Hub  with  other  microbes,  including  iJudllu^  cqU,  is  also  significant  of 

Agonal  or  post-mortem  itiv;i6ion.  Sitigor'e  view  tluit  rheumatic  fever 
merely  ati  attenuated  »taphyIwoccic  or  streptococcic  pyaemia  has  not 

with  general  acceptance.     The  very  numerous  |>ositivo  rcsidts  which 

obtiiined,  especially  in  the  case  of  the  urini',  havis  not  been  confirmed 
l^y  other  investigators,  Uis  methods  of  examining  urine  for  liacteria  are 
not  efficient  to  settle  the  question,  and  further,  Ghvostek  and  Krius  have 
tbrown  considerable  doubt  on  the  genuine  rheumatic  character  uf  mjtny 
"f  his  cases.  If  Singer's  hyiiothcsis  he  accepted,  it  is  very  ditlicult  to 
cjcjiliiin  server©,  mpidiy  fatal  cases  of  rheumatic  fever,  which  kill  without 
A  tnice  of  suppuration. 


Menzer'fl  ubsorvntiona  on  rheumatism  in  roan  and  his  experiment  m 
rabbits  let!  him  to  an  hypothesis  which  ia  difficult  U>  disprove,  Aocori- 
ing  U>  this  there  is  uo  specific  vims  of  rheumatic  fever,  the  dtseue  Itetn^ 
caiisui]  nmiiily  hy  atrcptocrwci  acting,  so  to  upeak,  un  a  sjiocitic  boiI.  Hh 
peculiiirity  of  the  soil  he  refers  to  the  condition  of  the  hiuphauc 
appjirattis,  especially  about  the  throat,  and  it  is  this  which  makes  rb«n- 
nuitic  fever  appear  t^i  Imj  a  specific  discaj^e.  Menzer  considers  his  vimrii 
supported  by  the  fact  that  streptococci  occurring  in  the  throats  ri 
rheumatic  ]>eople  act  in  the  same  way  as  those  from  normal  fumplef.  \\ 
the  same  Lime  the  occiurencc  of  strept«K'occi  in  cases  of  rhcumatu!  fcwr 
is  very  far  from  being  constant,  and,  further,  it  is  doubtful.  fi\im  ib« 
observations  of  Pribmni  on  677  cases,  how  far  the  throat  leaiom  an 
characteristic  of  acute  rheumatism.  In  this  country  aflecHons  of  thfl 
throat  preceding  or  during  the  attack  of  the  disease  are  the  nile  <Sii  p«f^ 
cent).  In  Pribnim's  cases  there  was  a  history  of  sore  thi*oal  in  I'T  ]ktf' 
cent  only. 

A  view  which  meets  with  acceptance  in  several  c^uarters  at  il 
present  time  is  that  rheumatic  fever  is  a  specific  diseaao  and  ia  caitte*! 
a  specific  coccus — the  fHpUxoccus  or  Afv^rocoauut  rhrtftmUicuA,  This  \t 
has  been  largely  developed  in  this  country,  and  is  associated  mai 
with  the  names  f)f  Drs.  Poynton  and  Paine.  It  is  evident  from  t 
juibliiilied  work  that  the  claims  for  specificity  of  this  orgnnisni  niv 
rest  on  the  experimental  results  obtained  by  its  inoculation  into  anini 
as  no  olht'r  test  l»aa  yet  been  found  which  will  serve  to  difTeren 
il  with  certainty  from  streptococci  obtained  from  other  sources 
experimental  results  of  Triboidet,  Meyer,  Menzer,  Poynton 
Paine,  Walker  and  BeAttie  have  been  detailed  above.  It  was  shewn 
that  Menzer  had  produced  with  streptococci  from  a  mammary  aljeccfl 
and  from  a  case  of  puerperal  sepsis  results  identical  with  thom  b* 
obtained  with  cocci  obUiined  from  rheumatic  tonsils.  Kecently, 
(lD04)has  obtained  lu-thritis  in  the  rabbit  with  six  strains  of  atrc; 
cocci  isolated  from  cases  in  no  way  resembling  rboum&tiam,  viz. 
tonitis  folIo^ving  ci»ncer  of  the  stomach,  pueqjeral  fever,  scpUcj 
empyema,  ap|>endioiti8,  scju'latinal  adenitis.  The  eharactor  of 
joint  lesions  closely  resembled  the  acute  rheumatic  ftolyarthritis  of  man, 
and  occasionally  exacerljatiotia  occurreil  and  recoveries  resiillc*!.  In 
OAsea  endocarditis  was  also  present,  affecting  the  mitral  valve.  Cole 
unable  to  produce  chorea,  although  this  result  bits  l»eeu  described 
Dr.  Poynton  (164)  and  by  Dr.  Bcattie  (108).  The  descriptions  of 
choreic  condition  are,  however,  so  brief  that  it  is  difficult  to  form 
estimate  of  the  actual  process.  The  obson'ations  of  Mon7,er  and  of  Cole 
throw  considerable  doubt  on  the  specific  character  of  the  so-calbvl  .^f*t!^^M 
csfTHS  rfuumiftivuft :  but  Jip.-irt  from  this  it  is  remarkable  that  this  dipVV 
coccus  is  so  difficult  to  isolate  that  a  considerable  number  of  competent 
observers  have  failed  to  find  any  microbe  in  rswes  of  rheumatism,  and 
this  applies  not  only  to  examinations  of  joint-fluids  and  blood  during  life, 
but  also  to  the  blood  jLud  heart  lesions  after  death.     In  conjunction  with 
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Dr.  Theodore  Thompson  I  have  recently  examined  at  the  London 
Ui«pilal  20  co^es  of  characteristic  rhonmutic  fever  with  constant  negative 
motta.  Five  of  lije  uiAes  were  examiner!  soon  afttr  death,  and  in  apito 
«i  mofit  careful  search  in  the  heart-blootl,  pericardial  thiid,  pericardium, 
(odocardiumf  and  in  vegetations  and  ncKlulcs,  both  by  the  microscope  and 
by  cnitivation,  no  microbes  were  found.  In  one  case  in  which  the  autopsy 
wM  made  forty'One  hours  after  dearh  the  be-art^blood  contained  a  charac- 
teristic piicumocoecus.  It  is  difficult  to  understand  such  rcstdts  if  acute 
riieuimttism  l»e  due  to  a  micrococcus  which  admittedly  x^owr  well  on 
|iktin  »t  a  temperature  of  20'  C.  The  large  number  of  negative  results 
obtained  in  cases  of  rheumatism  suggest  rather  that  this  mici'ol>o  is  only 
«T*8ionally  preuent,  and  a  complication  of  tJic  rheiunatic  process — a  view 
bcU  by  Trihoidei^  who  himself  was  one  of  the  first  to  study  the  coccus 
in  i]ue£tion.  Another  alternative  is  to  suppose  that  rheumatism  is  not  an 
■|j^  and  in  certain  cases  can  \m  caused  by  the  Miavcoram  rhfiawtticits. 
^pwaa  a  view  originally  held  by  I  Irs.  Poynton  and  Paine  (160)  na  a 
result  of  their  earlier  work.  In  their  most  recent  publication  {1G9) 
'lyiifj^they  app<*ar  to  have  altered  thyir  [xtsition,  in  so  far  that  while 
wlmiltiug  that  rhcunuitic  fever  is  a  specific  disease  and  that  the  diplo- 
coocui  is  the  otdy  bacterial  cause  of  the  specific  disease,  the  coccus  itself 
need  not  l>e  si^ecific. 

hi  any  caae  it  cjuitiot  lie  held  as  proved  that  the  Micrococcua  rhtnumt- 
WB  IB  the  otuse  of  rheumatic  fever,  as  it  does  not  fulfil  all  or  indeed 
wy  of  Koch's  so-called  |H>ftulatea.  It  is  not  foiuid  in  every  case  of  the 
disease,  and  the  ellects  which  it  produces  experimcntjilly  do  not  diHcr 
nwntiaUy  from  those  produced  by  cocci  which  have  been  isolated  from 
^'•aB  tiaving  nothing  tfl  do  with  rheumatic  fever.  In  spite  of  the 
'Qinerous  investigations  which  have  been  carried  out^  it  seems  to  me  that 
Qo  etiulogy  of  rheiunatic  fever  filill  belongs  to  the  arcana  of  pathology. 
5'i,  although  what  clinicians  cjdl  rhuumatic  fever  is  prnlKibly  a  specific 
^QCUTC  disease,  the  vinis  is  not  known.  W.  Bulloou. 


Symptoms. — The  onset  of  rheumatic  fever  is  in  moat  cases  gradual ;  a 
Jp  days  of  malaise,  accompanied  by  pains  in  the  b'mbs  arul  frwiuently 
l^boiated  with  slight  sr»rc  throat,  is  a  common  mode  :  well-marked  rigors 
5*  unnsUi'U.  but  chilliness  is  often  complained  of ;  the  tempenture  is 
**«d ;  appetite  is  lost ;  the  tongue  becomes  furred,  often  thickly  coated, 

levere  cases  the  lip  and  edges  may  be  red,  but  in  milder  cases  are 
^llid  and  ihe  whole  organ  flabby  and  indented  at  its  edges  by  the  teeth. 
*-in  usually  begins  in  one  of  the  larger  joint* — the  knee,  hip,  elbow, 
*ldf,  or  shoulder. 

With  the  appearance  of  pain  and  swelling  in  the  joints  the  fever 
^Nsaes  ;  the  tein])eraLure  may  rise  to  103'  F.  or  more,  but  in  hospital 
Taotioe  the  vast  majority  of  patients  when  lulmittcd  have  a  tem|)erature 
drying  between  10!"  and  103^  F.  The  face  is  Hushed;  the  pulse 
^omes  more  fre4[uent  and  i^  tisually  full  and  strong ;  thirst  incrca£CSf 
uui  there  is  complete  anorexia ;  constipation  is  usually  present.     The 
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severity  of  the  pain  prevents  sleep  ;   delirinm  is  rare,  even  in 
cases.     The  joint  or  joints  first  uH'ectefl  may  rem;Lin  the  AeiU  of  pkb 
recover ;    but  by  the  thinl  or  fourth  day  from  the  begrinniiig  oi 
illne^    pjiin   juhI   swelling   have    commonly  atiaiked   several   joirii* 
succeaaion,  ihe  pjiiii  jjfussin^  olT  in  one  tis  it  increa»«8  in  another:  iii 
way  nearly  all  the  larger  joints  of  the  extremities  may  he  alTectecIr 
rarely  the  sternoclavicular  and  interverteliral  joints  also  snfl'er. 

One  of  the  most  Htriking  fi'Jitures  of  the  ili8u;i.se  is  the  c^ndlttOft 
the  skin.  Notwithstandin*;  the  pyrexia,  the  skin  does  not  feel  hoi 
the  touch ;  except  in  hypei'i>yrexifi,  it  is  moist  and  perspirinff.  uni 
in  by  Uw  the  greater  riuniticr  of  caries  the  sweating  is  excessive.  TW 
urine  from  the  first  is  high-col otirod,  scanty,  of  high  specific  gnviiy. 
strongly  acid,  and  deposits  on  cooling  a  copious  prtH'ipitate  of  uralei; 
not  infroquently  it  contjiins  cj-ystaU  of  uric  Jicld.  When  the  fever  i*  a 
its  height  a  Rmall  quantity  of  atbimiiu  is  often  present  in  it  Tbr 
fluint'um  of  the  fever  is  variable  :  in  previously  healthy  young  ailiilu, 
pro\ndc<l  they  escape  poricardilis  or  severe  endocardiiiK,  the  laUf 
symptoms,  when  uninfluenced  by  dnigs,  frequently  suljsidc  in  eigbl 
nine  days,  and  convalescence  is  established  in  another  ten  days.' 

Such,  very  briefly,  is  the  clinical  aspect  of  the  onset  and 
rheumatic  fever  of  moderate  severity,  unaocouijhiniod  by  either 
or  pulmonury  complications.     It  is  necessary,  however,  to  exuiunfl  a  UUfc 
more  closely  into  itti  course  and  the  symptoms  presented. 

Though  the  ofu<et  is  usufdiy  gradual,  it  is  occasionally  rjuitc  stidi 
I  have  known  it  ap|>o:ir  with  excruciating  pain  coming  on  suddenly  il 
joint,  and  inciipacitating  the  suflerer  from  walking  home.  In 
occurritig  suddenly  after  unusiud  cx]K)sure  rigors  are  not  uncouini< 
they  arc  often  frequent  and  of  moflerate  severity.  Whilst  the  di 
tion  of  the  fever  in  uncomplicated  and  favourable  cases  may  be  iwabrt'T'P 
stated,  much  more  commoidy  it  runs  a  protracted  course,  the  irtW 
sympt^tms  sulwiding  and  recrudescing  again  and  again.  The  occnnwre 
of  genuine  reUijisrx  is  also  common  under  any  ff»rm  of  treiitment ;  AtnMigl 
my  own  859  cases  127,  or  I  178  per  cent,  bad  relajjses,-  which  orcumd 
with  nearly  etpial  frequency  in  firat  and  second  attjicks,  but  were  lei* 
often  mot  with  in  third  or  sul>sequent  oneti.  Age,  under  forty, 
to  have  little  influence  ;  as  in 

34  patientA  imder  10  years  of  age    5  relapsed  »  17-64  |K;r  f;i.*iit' 
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27  „  over  50,  or  age  not  stated,  1  „ 

The  average  stay  of  patients  in  hospital  is  a  very  imperfect  griit 

'    VitU  Sir  WilUiiii  Oiill  and  Dr.  Hutton's  {nper  (44). 

*  This  nvernfrf)  of  roliip«i'«  is  I'^iiiitfdt^riiltly  lower  thun  Utiit  irivm  m  oeenrriBf^  In  Oay'i 
Bocpita]  h)  cfrKon  tri'at«>l  wiUi  vi1)L>v]itl«>fl  or  its  b1H«i  f'J'l.  Ttilw  mar  Ik  >\m0  to  tay  wH 
eonddartng  a  mere  rwurreuis:  uf  )uuu  wiUtout  a  riw  id  teiuiwi-atiiiv  m  »  rttlmpM'. 
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'  the  Hiir»tioa  of  the  disease ;  a  feir  prolonged  cases  greatly  increase  the 
>T<!nige  of  tho  whole.  I  find  th;it  for  ray  own  cases  the  average  stay 
L^^ni  ihirty-two  rlnys,  ami  ih.i.t  neither  ac^o  tior  the  occnn-ence  nf 
HH^  atlHckit  luts  much  efTect  in  increasing  or  reducing  the  length  of 
'  ttfirrtay  in  hospital. 

The   t^nift^rafttir   rises   rapidly   with    the   joint  pains.      Wunderlich 

tottly  renuirks  that  "in  an  overwhelming  majority  of  hospitiil  case*  tho 

nuimum   t«ni|)erntiire   is   reached  either  on   the  day   <>f  admission   or 

ftliUMt  directly  uft*r."     My  olworvation  completely  agrees  with  this,  and 

ihew  can  be  but  little  donbt  that  it  is  due  to  the  fatigue  and  distress 

ansfd  to  the  sulferei-s  by  their  removal  to  hosjntal ;  499  had  on  the 

erming  of  the  day  of  admission  a  toin[)crature  between   101     and    103' 

f.;  m  142  the  temperature  was  between   103'  and    104  ,  and  in  only 

tirwity-lhree  did  it  exceed  104''  F.     In  the  large  majority  of  the  cases 

w^mt  were  the  highest,  temperatures  recorded  during  their  attack.     The 

Bprpcrature,  excepting  in  cases  of  hypcrjiyrexia,  is  highest  in  the  evening. 

Tm  advent  of  pericaitlitis  or  severe  endocai'<litis  is  generally,  though  by 

nn  means  invariably,  marked  by  a  rise  in  temperature  ;  and  the  !=anio 

tuy  be  said  of  pneumonia  or  pleurisy.     When  Uvatetl  with  salicylates 

tht  tetnj^rature  of  the  patients  hai*  .seMoni  remained  aliovo  the  nniTnal 

«fl«r  the  foiuth  or  fifth  day  in  hoapitjd,  and  in  a  large  number  of  the 

^MB  it  sinks  to  normal  in  from  forty  eight  to  seventy  two  hours. 

^fSiffpl€.<snf.<<f  whirh  is  very  commonly   complained  of,  results  rather 

woa  the  severity  of  the  pain  in  the  joints  than  from  mental  excitability  ; 

uwl  as  soon  as  the  pain  is  relieved  complaints  of  want  of  sleep  are  seldom 

made      Delirium   is  exceptional ;    in    those   who   have   been    guilty    of 

»koholic   excesses  one  occasionally  meets  with  a  condition   resembling 

dtJirium  tremens.     In  a  few  c.'ises,  chiefly  among  women,  the  sidicylate 

lent  pushe<l  loo  freely  h:LS  ptiHluceil  Komc  sHght  wandering  of  mind. 

'Jwh/a — The  art'ecicfl  joints  jirc  swollen,  the  skin  over  them  has  a 

|oHfI  bhisli,  and  serous  exudation  tjikes  plaw  int*i  their  aivities,  into  the 

*'S8nc«  surrounding  them,  or  inUi  both.     Kven  when  neither  irdneas  nor 

"*'eUing  is  perceptible,  so  long  aa  a  joint  is  in  pain  increased  heat  can 

^Ually  be  i>erceiveil  by  the  hand  laid  on  it.     When  in  pain  the  jpinl* 

'^  kept  by  the  Buffercrs  in  cbiirict-eristic  |H>sitinnB :   the  knecH  slightly 

^ated,  the  ankles  extended,  the  elbows  floxnf!,  tho  wrists  extended,  and 

^^  fingers  of  the  hand  slij^ibtly  turned  towards  the  ulnar  luiib'  of  the 

*«ib.      One  of   the   most  chanictoristic   features  of   tfie   disease   i.-*  the 

*igmtory  nature  of  tho  joint  aflection.      The  joint  which  one  day  is 

***ollen,   red,   and   acutely   painful   may   on   the   following  chiy  be   free 

^tm  pain  and  only  a  little  stiff  on  movement ;  whilst  others,  noi-mal  on 

■«€  preceding  day,  are  now  the  seat  of  swelling  and  violent  jxiin.     Tbe 

•swollen  tissues  ruund  the  joint  seldom  pit  on  pressure,  and  desipiamation 

of  the  epidermis  does  not  occur,  as  is  so  frequently  the  cjwc  after  acute 

gCnjt.      The  cases  of  suppuration  of  the  joints  described   by   the   older 

p&lhologists  we  now  know  were  due  in   most  insUmces  to  pya-niiji,  in 

iomc  to  gonorrhfsal  arthritis. 
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The  condition  of  tho  skin  ia  remarkable,  the  patienu  sweat  most  pro- 
fusely ;  even  now,  when  it  is  no  longer  the  custom  to  heap  unnwcsair 
blankets  on  the  perspiring  sutferera,  exce-saive  sweating  is  one  of  ttr:- 
most  fr&]iicnt  oomplaintc*.     Beads  of  perspimtion  collect  on  the  i 
and  temples,  and  run  down  into  the  eyes,  adding  to  their  dis^i..; 
nnil  the  extremities  perspire  as  profusely  as  the  head  and  body.     Ven 
ditiurent  statements  have  been  made  ag  to  the  ehemic«l  reaction  erf  i^ 
prrxpirniiotK     It  is  commonly  said  to  have  a  soiu-  smell  and  acid  rewtiflfl' 
of  the  sour  smell  about  rheumatic  jiaticnts  fh^re  cjin  be  no  don' 
that  it  is  duo  to  excessive  iierspiration  is  equally  true  ;  but  thjti    : 
caused  by  »ny  abnormal  constitiieut-s  in  the  pcrspirutiun  is  at  prest-nl  nut 
proved;  shoidd    Dr.   Ainley  Walker's  and   Mr.   RyHel's  «Uleinent  ttui 
formic  acid  is  invariably  present  in  tho  urine  of  these  patients  ho  c<jn 
firmed,  it  is  probable  that  tho  same  acid  may  be  present  in  tho 
but   npart   from    this  explanation   the  fermenbitive  chani^vs  win. 
place  in  the  perspiration  after  it  is  poured  out  would,  I  think,  .i<  <>  i  ^ 
for  the  odour.     Exactly   the  same   smell    is   present   about   fiertuns  m 
[>erfect  health  who  do  not  change  their  underclothes  .*ifter  free  per8(4^| 
tion  induced  by  exorcise  and  physical  labour.     Normal  sweat  is  furaV 
complex  substance,  and  differs  so  greatly  mth  the  jiarts  of  tho  bodj 
where  it  is  secreted,  that  little  value  is  to  be  attached  to  ob 
recorded  in  rheumatic  fever ;   according  to  my  own  expericnc 
upon  a  largo  number  of  observations  made  upon  careftdly  cK-inei}  si 
the  perspiration  on  the  face  and  chest  is  usually  feebly  acid,  aa  it 
ordinary  circumstances  in  health. 

In  connexion  with  the  excessive  sweating  sudaraina  (15) 
frc<|uetit  occurrence  ;  they  are  essentially  the  same  as  thtisc  which 
in  scarlatina,  typhoid,  and  other  febrile  states  accompanied  by  iroe  swatt- 
ing ;  but  they  do  nut  nui  quitu  the  same  course.  In  rheumAtisro  Uwf 
go  through  changes  rarely  if  ever  seen  in  othur  conditions.  The  resicbt, 
at  first  clear  and  in  fact  only  visible  in  certain  lights,  become  much 
perceptible,  thuir  contents  become  milky  aud  opaque,  and  their 
are  surrounded  by  a  minute  ring  of  redness.  Senat^tr,  spcakin 
sudaiuina,  says  "  they  are  often  associated  with  miliaria  rubra 
doubtedly  caused  by  the  irritating  effect  of  the  copious  sccrrtion  on  thfl 
skill."  I  feel  suie  that  the  vesicles  uf  miliaria  nilira  in  rheunmtism 
the  later  stage  of  sudamitia.  Tho  contents  of  the  vesicles  in  the 
stage  give  an  acid  reaction  to  litmus  paper ;  after  becoming  milky 
are  usually,  if  not  alwayts  neutral  or  feebly  alkaline. 

Vrine. — The  older  researches  into  the  condition  of  the  orin^ 
rheumatic  fever  threw  no  light  on  the  nature  of  the  rlisease.  The 
pi-oscntiid  the  same  general  features  as  in  other  pyrexial  states.  Dr. 
Ainlvy  Walker  and  Mr.  KytTel  have  lately  shewn  that  formic  acid  in 
appreciable  quantities  ia  constantly  present  in  the  urine  during  rheamatio 
fever,  while  it  is  absent  or  occurs  in  traces  only  in  normal  urine. 
Thoy  find  also  that  formic  acid  is  obUiinable  from  the  tissues  of  rabbitJ 
(buffering   from    acute    arthritis   due    to    inoculation    of    the   jUurveoofHi 
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rVvMo/inu:,  aiid  that  the  amount  of  formic  acid  present  when  sulicylates 
m  being  lakun  is  \vtm  than  when  none  is  being  Uiken.  The  urine 
|]teM:nt«  ihe  same  features  as  in  other  pyrcxial  conditions.  Notwii-h- 
sUbdiag  that  [>;itie]iU  are  kept  oit  a  Hiiid  diet,  and  tiiat  the  thirst 
almusl  always  present  induces  tliom  tu  tlrink  freely,  the  oxc^jsaive  lotw  of 
water  by  sweating  usually  reduces  the  quantity  of  urine  jMsaed  below 
the  normal  amoiuit.  In  colour  it  is  a  reddish-yellow  of  varying  intensity, 
«iiil  the  »|X'ciiif  gravity  high  (from  1020  Ui  1030);  it  is  clear  when  first 
faoed,  uid,  unk'&s  the  patient  be  under  treatment,  invariably  depositf;  on 
noUng  a  heavy  precipitates  of  pinkish  or  fawn  coloured  urates  ;  crystjds 
of  uric  ;icid  arc  not  infrequent  The  heightened  colour  of  the  urine 
depends  on  the  presence  of  a  large  quantity  of  hu^niatoporphyrin  and  a 
imall  quantity  of  urobilin.  I>r.  Garrod  (39)  failed  to  find  any  relation 
lictireen  the  severity  of  the  rheumatic  attacks,  or  tlie  destruction  of 
IJood-corpusclefi,  and  the  amotmt  of  the  colouring  matter.  The  high 
tpecific  gravity  is  ilue,  not  to  an  increit.'iu  in  the  total  amount  of  solids 
excreted,  but  to  the  diniiniahed  quantity  of  water  passed.  Senator 
tUKs  thai  the  amount  of  urea  passed  exceeds  the  normal,  notwithstand- 
ing that  the  diet  may  be  very  poor  in  albuminous  substances.  In  cases 
irtaied  by  blistering  fihrinuria  h.is  been  obsenoil. 

Complications.^ — Endocarditis,  pericarditis,  and,  in  less  degree,  myo- 
tvinlitis,  can  hardly  be  considered  coniplic;itions  of  acute  rheuni:itisrn  ; 
thoy  are  just  as  much  p-irt  of  the  disejiao  as  the  afl'ection  of  the  joints. 
A&  certain  joints  escitpe^  so  in  some  cases  no  atl'cction  of  the  lining 
or  investing  membrane  or  of  the  muscular  tissue  of  the  heart  occurs. 
The  atJitistiea  of  the  fi-equency  with  which  the  different  structures  of  the 
heart  are  iuvolv(xl  in  the  disease  are  bewildering ;  partly  from  their 
6lUnliei*s,  partly  from  the  different  modes  in  which  they  have  been  di-awn 
«p,  thtt  majority  of  them  having  laeen  collected  to  prove  the  advantige 
»i(  sme  particular  mode  of  treatment.  I  shall  therefore  confine  myself 
U)  my  own  ex|wrionce. 

EnHttrarditi^  affects  the  sexes  c<|ually.  It  is  difficult,  perhaps  impossible, 
t«  determine  diu'ing  an  attack  when  endocarditis  begins,  for  it  gives  rise 
to  n»  special  symptums  ;  but,  in  a  largo  majority  of  crises,  if  no  endocHrflial 
ur  lie  present  during  the  first  ton  days  of  an  attack  the  endocardium 

|iea.* 

ferUartlUin. — It  is  usually  stated  that  pericarditis  occurs  with  much 
g'wUer  frequency  in  men  than  women  ;  the  reconls  of  St  Bartholomew's 
Hwpital  do  not  shew  any  considerable  preponderance  of  men.  In  my 
Bwi  series  of  cases,  859  in  number,  the  i>ercenUiges  of  pericaitlitis  were 
'^'*^7  for  men  and  9"95  for  women,  whilst  in  the  second  series,  1431  in 
mmitter,  the  percentages  for  the  two  soxes  were  nearly  equal,  being 
n*l3  for  men  and   10'92  for  women  ;  putting  the  two  series  together, 

*  Tbo  Huwiation  of  polpilntion  and  dilatation   of  the  heart  in  young  fwrsous  with 
AfBiwtuim  WM  (aocortlliiK  to  Dr.  M.  Boillie  {6))  first  dwcotteml  in  1780  by  Dr.    IkmA 
^Nin,  |iliy«ician  to  St.  U^rtholontew's  liospitaL 
r'  On  tfaia  point  see  also  Gull  and  SuUou  (44). 
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iu  2390  patients,  pancarditis  occurred  in  12*22  per  cent  of  the  nalpu«l 
ill  10*53  of  thu  formile  patieiit«.'  Of  the  155  inalanoes  of  jwn  -- 
noted  in  the  second  series  G7  or  432'J  yyer  c^mt  wore  met  wild 
and  8.S  or  5677  per  cent  in  second  or  subsequent  AttAcks,  tiguTM  wtiia 
haidJy  hair  out,  the  genemlly  recoivefl  opijiion  that  pcricardi.ij  itifluh 
mation  is  more  commou  in  first  than  in  subsci|ucnt  attjick&-  Tliedniger 
to  life  is  undoubtedly  much  ^eater  in  first  attacks,  no  lew  thin  iSlfl 
per  rent  of  the  07  first  att;icka  proving  fatal,  whilst  ordy  I  l*3C  pertml 
of  the  88  cases  occurring  in  second  or  auhsoquent  attitcks  were  follwpl 
by  death.  Of  the  21>  fatal  cases  5  were  under  t<?n  yeare  of 
between  ten  and  fifteen,  10  between  fifteen  and  twenty.  The 
of  age  on  the  incidence  and  fatality  of  pericarditis  in  first  ai 
strikingly  shewn  by  these  figures. 

The  onset  of  peric:irditi8  may  occur  m  any  time  during  thi»  ooune  d 
the  fever,  in  this  respect  differing  from  ondocaniitis,  and  is  more  comniM 
ill  ca«es  in  which  the  joint  afVfcLion  is  severe  than  in  those  whone  joiaU 
me  less  severely  and  generally  afi'cctcd.      It  is  often  attended  by  w 
special  symptoms  ;  neither  pidsc,  respiration,  nor  general  condition  bciii«| 
altered.      In  other  cases,  before  any  |>ericardial  nib  can  be  'Ictccteil 
increased  frequency  of  pulse,  a  sense  of  oppression  or  {laiti  in  ihc 
region  sometimes  increased  by  prossure,  a  rise  of  tempcrutttre, 
alteration  in  the  sounds  of  the  heart  are  to  be  observed.     Clinically^ 
important  sign  is  not  so  much  the    presence,  of   pt^ricjirdial  friction  u 
the  extent  of  the  pnecordial  dulness,  which  is  a  mcAsure  nf  the  aniottnt 
of   etfusion    iiresent.^       The    effusion    usually    consista   of    orgaiUHhU 
IxTilph,   and   is  often   vei-y  large :   fluid  cHUsion  is  less  frotpjcnl ;  whm 
present  it  is  generally   serous,  and  nirely  becomes  jiurult'iit  or  bh^ni- 
stained.      In   the   seventyuine  cases  <tf  jiaracentesis   pericanlii  collccr<N] 
by  Dr.  S.  West  (84),  elevoTi,  or  jxjHsibly  twehe,  took  plate  in  the  cuurw 
of   rheumatic  fever.     In   the  doulttfid  case   pus  was  evacuated  ;    in   al 
the  others  the  ofl'usion  wjia  senmi,  or  blwdstained  serum  ;  And.  exce^ttiuf 
in  one  instance  where  two  pints  were  evacmiterj,  the  amount  was  rauU 
Pericaixiitis  in   cases    terminating   fauilly   t^  seldom    una&«ociat«d   witl 
eudocanlitis.     Clinical  experience  and  the  results  of  many  [Kwt^morlrti 
iitvestigations  shew  that  it  may  be  recovered  from  without  leaving  seriocu 
mischief ;  even  when  the  surfaces  of  the  pericardium  become  iuUitTcii 
little  harm  apiwars  to  result  unless  the  adhesions  be  donfio  and  thick,  u; 
tint  {larietitl  jiortion  of  the  pericardium  is  also  adherent  to  the  plt*( 
wall  of  the  chest. 

Dr.  Cheadio  has  drawn  attention  to  the  gnive  results  of  peri< 
in  childreu.  from  it^  inierferonco  with  the  growth  and  nutrition  ofl 
henit ;   and   Sttuges  to  the  increased  risks   that  are  occasioned  bj 

I  Tim  lift k  of  ilmwicf^  conulasionii  froiii  xtadirtics,  onleM  thv  nuinlwn  are  very 
well  8)it*tvii  in  tlicsi;  ftifiires  for  the  indii.-viou  of  my  wcond  H:hes  of  cmm  ndi 
■lilTcrtfUt^  i)f  tlie  i»'rc«Dtaftd  in  ^\ouii<u  from  A  to  1  per  cent. 

^  Tlie**   figiirr^™  ajrrv«.-infi;  clowly  witli   those   of  Dr.  SibsOD   (op.  nifc  |k.  208),    wbi 
41  "(Jl  f'>r  Unit  AQii  5H7t5  for  Bal>*w|a«?nt  attAtk«. 

'  Care  uoirt  bo  takto  Dot  to  uiistake  dUatatioD  of  tfaft  left  bc«rt  for  eSMoD. 


Ab  these  conditions  will  be  treiitdf!  of  in  the  article  on  "  Acute 
ienmatifiin  in  Childnni "  (p.  G45)  1  will  nut  further  Hllude  to  them, 
The  presence  of  nufocanlitis  of  greater  or  less  seventy  is  a  very  ccni- 
fftxat  uccorapuniment  uf  the  disease,  anil  forms  Its  moi^t  serious  fuature, 
uilleafU  to  iasiing  and  progressive  morbid  changes  in  thucanliac  valves. 
TV  emlocarilium  over  the  mitral  valve  is  especially  prone  to  l»c  attacked. 
Sections  of  the  aortic  valves  alone  are,  com^xinitively  8{x.>aking,  rare ; 
vhrn  they  are  involved,  dit^ejise  of  ihu  mitnil  valves  is  almost  always 
pTMeni  (73).  Endocarditis,  either  recent  or  old,  was  noted  in  about 
tae>luilf  of  my  own  uises.  The  liability  to  ondocAixlitie  diminishes  with 
tbe  age.  I>r.  David  Pitcitirn's  original  obser\'ations  on  the  connexion 
between  palpitation,  dilatation  of  the  heart,  and  rheumatism  related  to 
roung  persons  ;  and  Sir  Thomas  Wntaon  says,  *'  I  have  known  only  three 
[erwjns  [mas  through  acute  rheumatism  intb  an  uiitfiuehed  heart  [trior  to 
thengeof  puberty,  and  in  two  of  them  I  am  I»y  no  means  certain  that 
ihp  articuhu-  disease  wiis  true  rlioumatisni."  My  own  experience  is  very 
murh  the  same.     Among  my  hospital  coacs,  in 

36  luuler  10  yearn  of  age    30  kwl  td^uii  of  old  or  rocent  eiidouinlttiii  =  80*55  (wr  cent. 
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Taking  first  atUicks,  the  percentage  remains  much  the  same  dunng 
'oe  first  two  deca*lej>,  but  decreases  notably  afterwaixls. 

'1  IdcMveitnder  lOyearNorageendowirditiB  was  present  iiil2  =  75'00  iierwnt 

■•  J09   .,      lHjl-WBi!nlOi»miao'          .,                 „                      „  60  =  54*13  ., 

■.    75  „        ..      M  „  no         .,             „                „  38=ao-«a  „ 

-36   ..           ..        30    .,  40            „                 „                      „  ia=33'33  .. 

•        S  .,  over         40                       „                „                    „  1=12*60  „ 
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In  two  of  the  fom*  patients  under  ten,  who  are  taliulated  as  escaping 
idf^icarditis,  pericarditis  occurred  ;  but  the  sounds  and  size  of  the  heart 
'^T**  normal  on  discharge  from  hospitaC  The  above  figures  shew  very 
*t.TSkingly  that  rhcunuitic  fever  is  a  <lisciisc  of  youth  and  early  adult 
^'f*,  and  that  the  younger  the  sufferers  the  greater  the  liability  to  canliac 
^'Si  plication. 

Mi^nrdUis. — It  is  probable  that  in  all  but  the  slightest  cases  of  jieri- 
^^ardilis  a  certJiin  amount  of  myocarditis  is  present  Dr.  S.  M'est  (85) 
^ai5  drawn  attention  to  flihtjtiion  of  thr  hrart  occurring  in  rheximatic 
f<?v«r,  or  as  an  early  sequel  of  it ;  and  he  has  recordetl  a  case  in  which 
^fell-marked  symptoms  of  canliiii;  failure  occurred  without  any  evidence 
of  endo-  or  pericarditis.       A   fatal  case  was  met  with,  at  St.  Thomas's 


HoHpital,  in  which  hcuIc  gtanulur  iluj^uiicration  cif  the  oiu&cular  lusip 
was  found  uftor  timth ;  bm  in  this  instunce  pericarditis  waa  preficu  aUl 
Somew'hiit  similar  cases  wore  recoixieii  by  Miiclagiiru  Dre.  [>©«  twt 
Poyntoii  have  shewn  the  frofjiienvv  with  which  dilatAttoii  of  U\-  ■ 
is  foujid  in  rheiimiitism  tiiid  chorea  in  children  and  youn^  pei>. 
consider  it  evidence  t.hui  in  rhuumutism  there  itt  some  toxic  uction  excnni 
on  tlie  airdiac  mu&cic,  enfeebling  it.  Among  my  own  ca6es  I  baTi'  rkI 
with  a  few  in  which  an  increased  area  of  cardiac  duluoas,  fMblt!  fira 
aoiind  of  thd  heart,  and  weakness  of  the  pulse,  have  been  present  witb'«« 
any  evidence  of  valvuhir  or  poricardial  lesion  ;  but  how  far  the  corwiittmi 
was  due  to  an  acute  change  in  the  he^irt's  muscle  1  cannot  venture  kiwy 
Kliounmtic  niyocanlititi,  ufKirt  from  peri-  or  endocarditis^  1  have  bUMt 
ecen  in  the  postmortem  room.  fl 

The  clinical  course  and  the  effects  of  rheumatic  inflammation  of  V 
heart  and  its  coverings  in  young  children  difl'cr  in  many  respecu  fniis 
what  we  meet  with  in  adults.     The  same  may  be  said  of  rheum. '     ' 
itself;    for  in   young  children  the  fever,  as  meiisured   by  the  tern, 
is  seldom  high,  and  ihc  articuliu'  jiains  are  alight.      As  acute  rh' 
in  young  children  will  form  a  setjarate  article  in  this  work  (p.  '-  i 
subject  will  not  Iw  further  considenwl  here.     After  the  age  of  twcirc  "i 
fourteen  the  symptoms  present  resemble  those  of  adults. 

The  other  complications  of  rheumatic  fever,  with  the  exception  of  bypc 
pyrexia,  rc'iuii-e  but  little  comment,  Pm'innania  and  plriu-Uy  are  the  tw 
most  imjiortant  concurrent  conditions ;  and  the  former  presents  cUuia 
featm-es  in  rheumatic  patients  which  differ  from  those  oniinarily  aiecoii 
[Hinying  it.  The  amount  of  consolidation  is  often  considemble^  whil 
cough  is  infrequent,  and  there  is  little  or  no  expectoration.  PUurii 
occasionally  lea<ls  on  to  efTusion,  but  among  all  my  cases  I  have  only  on 
had  to  tap  the  chest.  Pncnmonia  occurs  more  Eroqaently  than  plenris 
anil  is  very  gonerjdly  an  acconipiuiimcnt  of  pericarditis.  Statist' 
fretiuency  of  these  complications  are  given  by  nuuiy  observer*.  '» 
widely.  The  proportionate  numbers  are  niii<*h  higher  in  the  older  ub] 
than  in  the  later  ones,  owing  to  the  inclusion  in  them  of  pytvmic  & 
septicemic  cases  (38).  Biv7ichifiSj  in  anything  like  an  acute  foi-m,  I: 
l>een  rarer  among  my  cases  than  pleurisy.  TonsiUitis  is  not  an  infnMpK 
precursfjr  of  or  concomitant  with  an  attack.  ExiinUu-vi^  of  various  io:i 
are  common;  in  my  1431  cases  I  find  erythemiitrdis  rashes  not 
present  in  'JC  ;  purpuric  ones  in  1*5 ;  erythema  nodosum  in  10. 

A  consideration  of  the  affinity  between  acute  rhetimtiti.tial 
ehoroa  does  not  fall  within  the  limits  of  this  article.  During  the 
stage  chorea  is  not  common,  but  it  is  met  with  most  usually  in  connexi 
with  |)eriejirditi6.  It  was  present,  in  the  secoiid  series  i>f  1431  csma, 
six  girls,  the  eldest  of  whom  wjis  fifteen,  and  in  eleven  boys,  one  hci 
eighteen,  the  ix->>t  under  twelve  years  of  age.  Among  the  cases  In  whi 
chorea  has  been  present  during  the  acute  stage,  scvend  have  lieon 
young  men  beyond  the  age  at  which  chorea  is  usiuiUy  seen  in  the  nu 
sex.     Twu  were  under  my  own  care,  and  the  chorea,  which  was 
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came  on  very  shortly  after  pericanlltia  had  set  in.  Conversely  a 
wTW  admitte<l  into  my  wiivt]  unth  chore.t,  hfyirt-nuirniur",  and  no  joint 
:tion,  in  whom  hyperpyrexia  supervened  ;ind  ended  fatally.  After 
dratli]!  4umll  piitch  of  lymph  wiis  found  on  ihu  snrface  of  the  left  ventricle. 
luul  many  vegetations  on  the  margins  of  the  mitral  and  aortic  vahoa. 

Dnring  the  course  of  scairlet  fever,  and  the  period  of  convalescence 
frmi  it,  pain  and  swelling  in  the  jointH  may  arise  (ru/^  p.  4rit)). 

Hyperpyrexia. — Since  the  regular  use  of   tho  elinicu!  thormometor 
ire  of  the  cahcs  of  rheunuitic  fever  eh-iractcriseti  by  inarlted  and 
cerebral    synipttjms    has    Iwcome    known.       Theae    r-a^^.a    wnre 
;,  thought  to  be  due  to  a  mctafitu^iis  of  the  rheumatic  intlj»mmation 
icm  iia-  joints  and  htuirt  U}  the  nieiiingeji  of  the  br-ain,  luid  were  spoken 
M  n»  cerebml    rheumatism.      Senator   say^.*,    "  .\cute   cerebral   or  spinal 
jitis  may  set  in,'  and  quotes  two  coses,  one  from  Lebert  and  one 
M*.  Stretch   Uowse,  in  support  of  this  statement.      I   have  referred 
ise  reported  by  the  laittT,  and  find  no  reason  for  thinking  it  was 
'tic.      Dr.  Dowse  considered  it  to  Ix;  a  case  of  acute  arachnitis  in  a 
;•?  woman  exposed  tii  great  eold  and  hardshij>  tmmeiiiately  before 
u!>:  I'. 'ginning  of  her  fatal  illness,  and  he  does  not  attribute  it  in  any  way 
Id  dtenmati-mi.     The  majority  of  the  cases  formerly  regarded  as  rlieumatic 
cmiiiiijjiiis  were  undoubte<ny  pymmic :    yet  meningitis  ap]wu'enUy  does 
Otttir,  as  in  tho  Clinic:»I  .Society's  re|)ort  on  hypci*pyrexia  two  instances  are 
m\  to  have  l>een  met  with  among  twenty-four  j>ost-mort«ra  examinations. 
Hyperpyr'Hxia  is  sJiid   to  occur   more   frequently   among   men   than 
women.     Taking    the  cases  collected   by   Wilson   Fox   (.'ii),   the  Com- 
mittee of  the  ClinicaJ   Society,  and   myself,   we   have    1 10,  sixty-thive 
\h't'*7  per  cent)  occurring  in  the  male,  and  forty-seven  (42'"l.'  per  cent) 
in  ibe  female  sex. 

Ii  is  difficult  to  estimate  the  proportion  cases  of  hyperpyrexia  bear 
tolhfl  number  of  attacks  at  dirt'erent  ages ;  its  occurrence  in  early  child 
bood  is  as  yet  unknown,  and  the  earliest  age  among  the  cases  here  eollectt.*d 
»Ma  boy  of  twelve  (17).     Of  the  110  collected  cases — 

16  occurrrd  in  permms  uiider      SO  yeai^i  of  age. 
60  „  betwi*n  20  and  .30 

2fl  „  „       30    ,.     40 

U  ,.  V       40    .,     50 

6  „  «      no    .,    60 

2  the  ag»i  was  not  srate<l. 

iTo 


Prom  these  figures  it  would  appear  that  no  period  of  life,  except  early 

'^iiil'Jliooil,  is  exempt  from  this  cftmplicAlion  ;  after  the  age  of  sixty  rheu- 

nuitiir  fever  is   of   extreme   rarity.      Hyperjjyrexia   is   met   with    more 

frw(UentIy  in  lirst  atUicks  than  in  subsequent  ones.     Of  the  110,  fifty- 

;jighl  (  =  r)3'45   per  cent)  were  in  the  course  of  a  first,  twenty  two  of  a 

)od,  eight  of  a  thiitl,  two  of  a  fourth  or  subsequent  attack  ;  whilst  in 

'cniy  the  number  of  the  attack  is  uol  i-ecorded.     The  liability  to  and 
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niorUtity  from  hyperpyrexia  appe^irs  greater  in  tirsi  th:tn  tn  su! 
Attacks. 

What  elevation  of  temperature  is  to  be  called  hyperpyrexm  t 
Clinical  Society's  Committee  dividerl  the  cases  int^  three  groups: 
of  uiKloiibt^d  hyperpyrexia,  with   UMnperaturea  of   lOG    F.  or  up 
those  shewin^^  a  rojirked  tendency  to  a  continued  and  persistent 
ture  of  a  high  range  (104"  F.);  and  a  third  ^ronp  (in  which  only 
caseft  are  included),  in  which  tht-  symplonLs  usually  accompanying 
pyrexia  were  present  but  without  an  excessive  temperature.     1  think 
not  excending    105''  F,   should   liartUy  be  considered  as  eases  «(  h 
pyrexia;  and  in  my  eighteen  cases  I  have  not  included  an}' which  dwl  Ml 
exceed  this  stjindard.     The  d;u]ger  to  life  is,  generally  sfjeakiiig,  ia 
portion  to  the  height  of  the  teni{H5rature,  but  recovery  has  taken 
after  the  temperature  has  r-caoht'd  111"  F.  (28). 

The  cases  in  wliich  hyperpyrexia  supervenes  do  not  as  a  rale  di 
the  ouNet  from  others;  many  of  them  are  descnlxTd  :w  l»eint:  nnld 
the  alarming  symptoms  arose.  In  not  a  few  of  the  fully  reported 
the  sutferers  are  slated  to  have  been  in  a  more  or  less  depressed 
cotiilition  for  some  time  prior  to  the  advent  of  the  rbenniatic  attack 
several  authorities  have  oxprossod  an  opinion  that  these  cases  an 
with  more  frequently  in  patients  whose  constitutions  have  1  ■  li 

by  aU'oholic  or  niher  excesses ;  but  thtu-e  appears  to  be  no  _  1 

in  support  of  this  view. 

\Vith  the  rise  of  temperature  the  commonest  concurrent  aym 
are  diminution  of  the  pains  in  the  joints  and  sometimo6  complete  cik 
of  them  ;  extreme  restlessness  passing  into  acute  delirium,  or  druw 
dee|ioniiig  later  into  stupor  :    s|)asm  of   cei-tjiin    groups  uf    muscl 
general  convulsions  arc  not  uncommon.     The  j)mfufiO  swoaTin 
and  in  some  instances  perspiration  appears  wholly  suppn 
skin  is  intensely  hot  and  burning  to  the  touch.     With  the  rise  in  tci 
tiu*o  we  find  grcjU.  acceleration  of  the  pulse  and  rate  of   breathing 
soma  patif^nts  a  large  increase  in   the  amtamt  of  mine  passed  has 
noted,  and  not  tiifreijuently  jtersistent  and  uncuii  trull  able  diarrhu«  4 
on.      l>ealli  is  almost  idw:iys  prooedtHi  hy  coma. 

Althoiit^h,  with  the  advent  of  hyiK^qiyrexia,  it  is  undf>iibtodly 
that  in  many  cases  the  artictilar  jiain  diminishes,  or  at  Jill  events  i 
cnmplainofl  of,  the  Clinical  Society's  Committee  found  that  in  man 
condition  of  the  jointi*  remained  utialterod,  and  that  [Mtricarditi 
present  in  more  tlian  hidf  ;  70  pi^r  cent  of  those  who  nM.'overed  ha<l 
canlitis  at  the  onset  of  hyperpyrexia,  and  in  42  [>er  cent  of  the  fatal 
the  same  condition  was  found  iiftor  death. 

The  rise  of  temi>eraturc  occupies  a  variable  amount  of  time, 
highest  fwinl  may  l>e  reached  within  a  few  hours  of  the  comme 
of  the  symptoms;  or  the  maximiun  may  not  be  met  with  until 
days  of  high  tempemturo  have  passed  (37).     In  cases  which  ha 
been  treated  by  direct  application  of  cold,  the  highest   tem|X)rat 
usually  at  the  time  of   death  ;    and   in  sovenvl   iosiftncea   it   hai 
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:rvc<l  CO  rise  for  a  short  time  after  death.     A  continuously  elevated 

ijxiniture,  especially  if  it  occur  in  a.  ]).'itient  whose  joint  {Kiins  have 

(luraicil,  mul  in  wliom  th<*re  is  nu  ovidvticu  of  puricanlitiH  nr  other  com- 

'jjfiatioii,  should  j-ive  warning  of  the  possibility  of  h^-perjaTexia ;   ami 

mu  should  >>e  taken  lo  reduce  the  tempei-Jiture.     The  prohibility  of  its 

iiceiim^nce  ia  still  further  inL-i-tuL&Cfl  if,  in  addition  to  a  continuously  high 

icmi^crature,  unusual  restlessness  or  vigilance  be  present. 

Hyi>eqiyrexia  is  most  apt  to  arise  during  the  second  week  of  the 
tnfr,  but  itiHljUKTH  have  been  known  a«  uurly  ai«  the  Heeoiid  day  aTid  us 
Um  OS  thu  twenty-ninth  (18).  Out  of  seveuty-fuur  cases  in  wldch  the 
«i:it«  of  its  occurrence  and  of  the  beginning  of  the  attack  was  known, 
hfpcqjyrexial  svniptoma  commenced  on  the  seventh,  eighth,  or  ninth  ilay 
in  25  (33-7  percent). 

i'ftnitatwtt  iff  Ht/prrpifrrria. — The  group  of  symptoms  of  which  nijiifi  riee 

in  ieniper;iturc  to  an  uxtreme  point  is  the  most  remarkable  feature  is  not 

1  ■•!  Uf  rheumatism.     A  similar  condition  may  be  met  with  in  small- 

irhitiiiji,  iy|>Iius  and  enteric  fevci*K,  pneumonia,  and  more  fretjUHiitly. 

^lerhaiw,  in  pya^miii ;  yet  there  can  be  no  doubt  that  hyf>«:rpyrexia  arises 

much  more  frequently  in  acute  rheumatism  than  in  any  other  disease. 

Kbeunuktic  h3'|>erpyi'exia  upftear'S  to  bo  more  prevalent  in  some  yujirs  than 

iiiothei-s,  so  that  cases  aie  iipt  to  occur,  as  it  were,  in  runs  :  but  there  rloes 

noi  uppeiu*  Uj  Ik.'  any  direct  eonnexiun  between  the  prevalence  of  rheumatic 

lever  and  the  number  of  hyperpyrexial  cases.      Hyjwrpyrexia  occurs,  in 

bwwlon  at  all  events,  wirh  much  gi*eater  frequency  in  the  stimmer  months 

—June,  July,  and  August  (18) — than  in  the  other  portions  of  the  year. 

At   present   the  /w/Ww/y  uf  ht/ju^iptfivxiit    is    unkitown.     Tlie    heat- 

tV'^'ulitting  mechanism  of  the  body  is  in  some  way  or  other  thiowii  out 

I        '      r,  and  the  cerebral  symptoms  are  pro^wbly  dependent  on  the  circu- 

E'  .  ihrou^h  the  bmin  of  unduly   hot   blootl   (G3.    7C,    82),    producing 

buiptums  similar  to  th'iso  met  with  in  abnormally  high  temperatures 
■  other  specitic  disejiiie.r»  and  of  insolatio.  Andiew  renutrkcd  many 
>oar»  ago  that  the  suddenness  of  the  rise  of  teniperatui-©  is  remarJc- 
jMy  similar  to  wluit  constantly  occurs  at  the  close  of  cerebral  dis- 
[pe  in  its  coarser  and  more  common  forms, — hiemorrhage,  softening, 
"•enifigitis,  or  cerebral  tiunour.  In  what  way  the  heat-i-egulating  centres 
"fthey  exist)  are  priniaiily  atfected  is  unknown.  Lebert  was  in  fuvotu- 
'*'  the  view  that  in  acute  disease,  in  certiiin  circumstances,  a  poisonous 
inftlerial  is  formed  in  the  body  which  causes  jwralysis  of  the  nervous 
•^Itrnis ;  others  have  supported  the  view  that  the  increased  heat  due  to 
'fWile  mctultob'sm  of  tissue  is  sufHcient  of  itself  to  cause  paralysis  of  the 
""n'otis  oentr'es  on  whit-h  the  heat-rei^ilating  mechanism  depends.  In 
"■^liitsocver  wav  the  jxiralysis  uf  the  hcat-rcgidating  centres  be  protluccd, 
^  viriuiia  circle  is  set  up,  resulting  in  an  <tverheated  comlttiun  of  tlie  Itody 
Ud  ft  conaeiiuent  deterioration  of  tissue,  the  muscular  tissue  of  the  heart 
**p»?rially  suffering  (ri^e  vol.  i.  p.  846  r/  .tef/.). 

Sequels. — Besides  those  pertaining  to  the  heart  and   its  coverings 
^0  sequels  of  the  disease  &Te  few.     It  bus  already  been  remarked  thai 
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it  ia  rare  for  a  joint  to  suirer  penuAnent  injury :  in  this  reepa 

disoaso  offers  a  strong  oontraat  to  oateo-anhritis,  jjonorrhfHil  h 
and  ijout.  The  moet  serious  evil,  other  than  uanlinc  mischief,  «• 
U»Lvii»  l>ehind  it  ia  the  t^Miduncy  to  furthur  alLiK'k.^^  m\k\  nmrmvx 
Gttrro<i  has  extended  and  in  tlie  miun  confirmed  the  oh&crvnti 
Uayeni  on  the  coudition  of  the  blood  iii  acute  rheuniHtism :  he 
that  an  attack  ia  ahvavfl  accomfuuiied  hy  a  vrry  congtdorablc  fall 
number  of  the  i*ed  corjmsclcs,  arid  that  this  fall  take*  place  with 
rapidity  ;  I«.'sides  the  diminuLion  of  the  re<l,  Ix)th  olwervors  are 
thut  there  is  a  slight  iiicrca.se  in  the  number  of  the  white  coi 
l>r.  Garrod  further  remarks  that  in  cases  running  a  favuurablt* 
without  boriuus  pulmonary  or  cardiac  lesions^  the  red  uorpuacl 
rapidly  rise  to  the  normal  standard  again.  Ilayem  8tAt«a  that 
traoted  cases  the  red  corpuscles  fall  in  numbers  coutiiiuou»lr, 
riarrod  found  that  having  fallen  to  u  low  level  the  numU'.rs  of 
corpuscles  remained  stiliomu-y.  The  variations  in  the  hieniogloU 
of  the  red  corpuscles  follow  closely  the  A^iriations  in  their  nuinli 
in  some  instiuices  the  {lercentago  of  hifuioglobin  in  the  cor|HiHcl 
tfniies  to  fall  during  corivatcsconcc,  although  the  number  of  red  c<:> 
may  increase.  Ho  sums  up  his  conclusions  thus  (3f*) :  '^Tho  an 
rheumatism  is  of  two  kinds;  (I)  an  acute  oligtM'ythminia  dev 
during  the  acute  stage,  and  rapidly  recovered  from  as  soon  a»  c< 
cence  sets  in  ;  and  (2)  a  [^seudo^hlorotic  condition  which  i^  devel 
a  se(|uel  of  the  attj»ck  in  a  few  wisea,  juid  which  unless  it  is  appro] 
troatixl  may  hist  for  a  long  period,  the  fall  of  worth  continuing 
of  the  amelionvtion  of  the  patient's  condition  in  other  rospecu." 

The  appropriate  treatment  of  these  an^omic  patients  it  th 
difficulty  in  the  management  of  convalescence  fnim  rhi'iiniatic  fe 
other  cases,  simple  attention  to  the  digestion  and  regtdjili>>n  of  the 
is  all  that  is  nec&ssar^v,  and  bark,  the  oKl  remedy  for  acute  rheu 
often  appears  to  me  of  use  and  preferable  to  quinine.  An»*mic  \ 
and  those  in  whom  there  has  been  ondo-»  myo-,  or  pericarditis,  sh 
be  allowed  t(j  get  np  until  they  hjivo  marie  very  considerable 
Iron  is  frei|uent[y  ill  tolemted  in  the  anmmtc  condition  iniroediat' 
sequent  on  an  attack,  although  at  a  later  perioil  it  may  be  of  gront 
cautious  triiU  may  be  made  of  the  various  pre|);iralions  of  iron,  as, 
borne,  they  usually  relievo  the  anamiia  quickly  :  in  patients 
unable  to  t)hke  fermginoua  tonics,  arsenic  is  of  use,  and  I 
infrequently  seen  great  benefit  from  co<Miver  oiL 

The  granty  of  the  otrdUtc  Itsirrtuf  left  by  endocarditis  frnqtien 
not  shew  itself  until  long  after  convalesceni'e  luas  l>een  est;il 
it  is  cffiflential,  therefore,  that  all  violent  exei*cise  or  efforts  adi 
to  strain  the  heart  shoidd  be  avoided  for  a  considerable  time  afH 
valosccnoo  ap|>cars  complete.  At  the  same  time,  miHicient  eieri 
improve  the  gononil  health  and  to  keep  up  the  vigorous  nutrition*! 
heart  is  of  the  utmost  imjiortance. 

I*  Csvd  by  Hnygortlj  od  tliv  KcommeuiUtioa  of  Dr.  Fothei^U. 
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IHlaUtiuin  of  tf^e  ilumach  is  not  a  very  rare  Ber|uel  of  acute  rbeuniati«ni, 
md  is  a  gmve  obstacle  to  racovory  [ride  art.  "  Dilfttation  of  the  Slomach,^ 
•lO.  iii.] 

In   coiLocxion    with    rheumatic   fevor    mention    must    be    matle   of 

ritmnaiii-  noJttUs — small,  firm,  hu1k:uUiii»)118,  fitiroiis  nodules — which  are 

fouod  with  much  greater  frequency  in  children  than  in  women  or  men. 

Tb'rrc    is    no    douht    that    suhcuUineous    nodules    are    most    commonly 

*s*)cialed  with   disease   of  the  cunliac   valvos.     In  the  casoR    (H)lleclod 

b}'  Sir  T.    Barlow   and    Dr.    Warner,   twenty- seven   in    niunber,    there 

nt  bnt  one   in    which   cardiac  dise.'we   was  not  well   niarkoil ;    never- 

tbfleis,  several  ojises  have  liccn  rcjwrted  in  women  (13,  24,  85)  in  whom 

m  morbid  Aound  at  the  hi^art  was  noted^  and  In  adults  their  jmtho- 

lotdcal  meaning  and  l)eann>^  on  prognosis  dr>  not  appear  to  have  much 

vjiie.     In  my  second  series  of  patients,  1431   in   number,  nodules  are 

noted  as  present  in  twenty-one.     The  imporUnco  of  their  presence  in 

wniny  chilflivn  is  shewn  by  seven  out  of  nine  under  1 1  years  of  age  who 

Iwi  thpm  dying,  whilst  of  the  other  twelve  none  died  ;  among  them  were 

t«T)  vomen  aged   22  and  39.     For  an  account  of  these  subcutftneous 

nodulus  on  children,  see  p.  C55 ;  and  for  tlicJr  morbid  anatomy,  pp.  605,  6.55. 

The  diagnosis  of  rheumatic  fever,  excepting  in  young  children,  seldom 

presents  ■Mjrious  difficulty :  nevertheless  there  are  some  conditions  which 

nay  he   mistaken   for  it,  and  occasionally   it   is    in)[K>Bsiblc   to  form    a 

'iiifercnti.-*l  diagnosis  until  the  case  ha.s  been  under  observation  for  some 

lime    Osteoarthritis  in  women  who  have  been  exhauste«l  by  child-bearing 

»nfi  lactiition,  and  more  especially  in  those  whone  recovery  from  child- 

(tirlh  has  been  imperfect  and  accompiinicd  with  uterine  discharge,  begins, 

1   Iwlieve,  much  more  frequently  in  an   ticute  or  subacute  manner  than 

is   ji^nemlly  supposed.      I  h.ive  seen  many  cases  Ijeginning   with  slight 

f*'voi  iirid  joint  pains  roscmbbng  those  of  rheumatic  fever,  in  which  there 

w'a^  no  tendency   to  cardiac   aflfections,   an<I   no   response   to  salicylate 

treatment ;  such  patients  after  a  time  have  sbiwly  improved,  but  have 

^^oen  left  with  stifliiess  and  some  enlargement  about  the  affected  joints, 

■■n*i  were  destiiuHl,  I  fear,  to  become  the  \'ictim8  of  chronic  osteo-arthritis. 

*^*»norrh<i?al  rheumatism — or,  more  properly,  synovitis — may  be  recognised 

".V  the  presence  or  history  of  a  lu-othral  discharge,  by  the  condition  of 

tho  afft^ctwl  joints,  and  by  the  fixity  of  the  jiain  in  them. 

-/ypwiw,  when  not  secondary  to  some  obvious  form  of  injury,  is  nsually 
**'*®  to  :icutc  necrosis  or  osteomyelitis  of  some  long  bone,  ur  to  disease  of 
''^  {)ctr<:)iis  portion  of  the  temj>oral  bone,  and  is  the  state  moat  commonly 
^''fnumled  with  acute  rheumatism.  The  nirity  of  rigors  in  rlicuniatism, 
**^^\  their  frequency  and  severity  in  pyremia,  may  prevent  this  error:  in 
*^Ut«  necrosis  of  the  long  bones  there  is  usually  genend  sMclling  and 
*^>*t«  tendemeaa  of  the  limb  affected,  together  with  a-dema  :  and  in 
**'*<!ase  of  the  petrous  bone  either  a  history  of  a  discharge  from  the  ear, 
***"  tte  presence  of  it,  together  with  tenderness  over  the  mastoid  process 
*^^  some  puffiness  about  the  tissues  in  ite  neighbourhood.  In  pyaemia 
^^^  joint  or  joints  affected  remain  so,  and  the  pain  and  swelling  do  not 
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shift.      The  condition  of  the  skin  and  the  character  of  the  f 

vnUuihlo  guides — the  sirin  in  the  py^emic  caeee  Iwin^  often  hot  aiid 
ing,  and  mrflly  peiBpiriiig  to  the  fuime  degree  as  in  rhcaniatic  fcver,  1 
the  temperature  is  of  a  hectic  character.      Infective  nr  ulc«i^tive 
carditis,  which  may  Ik*  secondary  tn  rheumatic  aifectiun  of  the  vali 
frequently  accotn)>i»iiod  by   jmin    and  swelling  in  the  joint^^  aDil 
Ije  mistaken   for   rheumatic  fever.     The  enlargement  of  the  spleen 
to  infarction,  and  the  presence  of  albumin  or  blood,  or  Ijolh,  in  tlio 
due  tu  similar  conditions  in  the  kidneys,  together  with  the  hectic  t 
of  the  fever,  usu^dly  prevent  any  difficulty  in  recognisinjLC  this  eoadil 

A   first  Altjick  of  'joHt  in  a  youn^  subjert  may  l»e  antjthor 
hesitation  for  a  time,  but  attention  to  the  history  and   the  ahiMi 
cariliac  mischief  will  leave  little  doiiht  as  to  the  diagnosis.     In 
have  known  iN/a/f/i/^.irun-// nnstaken  for  rheumatism  (cf.  p.  64t*) ;  in 
children  the  swelling  and  tenderness  aceonifNinying  ha'morrhage  i 
joint  in  hpiimphilia  sinudate  rheumatism  very  closely.    The  nuiaculi 
arthritic  pains  accompanyint;  the  early  stages  of  tpimtl  tli-ttftu^  are 
taken  to  be  rheumatic,  but  they  cjhi  hardly  be  confounded  with  rla 
matie  fever.      Amtmg  tlie  rarer  conditions  which  should  bo  mpntinn< 
Ir'tchinoxis  and    iflnniin\\   which   latter  at  the  outset  is  not   lufreqd 
mistaken  for  rheumatic  fever. 

Treatment. — While  we  remain  doubtful  of  the  immediat«  eai 
aentc  rheumatism,  its  treatment  i-emains  in  one  sense  empiricaL 
profitless  to  go  at  length  into  the  various  methods  of  treatment 
have  l*een  in  vogue  at  dilferent  times  since  Sydenham  fii*»t  clearly  d 
the  disease,  and  treated  it  (with  the  great  e\cp]»tion  of  ble<»ding)  0 
principles  by  which  we  are  giiided  now  ;  nevertheless  it  will  Iw  a*li 
to  review  very  briefly  the  methods  that  have  been  used.     Sydenhai 
flayE^  '*  No   one   doubts   the   iiillamniatory   nature  of   pleurisy 
blood  of  rheumatism  is  as  like  the  blood  of  pleurisy  as  om^  fgg  ii 
another.      Ueriec  the  cure  is  to  be  sought   in  blood  letting."     Wo  < 
longer  uphoM  the  father  of  modern  clinical  nuvlicine  in  this  opinioi 
his  ndes  as  to  regimen  and  diet  still  hold  good.      Nor  should 
forgotten  that  he  says  (77),  "With  young  persons  and  those  who 
not  over-indulged  in   wine,  rheumatism  may  Iw  disi>oIIed  by  Bfiu 
cooling  diet,  provided  that  it  be  modcmtely  nourishing.     Tliis  will 
do  as  well  ;l8  repeated  bleedings,  which  are  but  badly  boruu.'*     S 
ham's  tem^hing  and  practice  held  their  ground  until  the  middle  ( 
last  centmy,  and  it  was  chiefly   tUw  to   the  practice   and   toi>chi 
P.  M.  Latham,  Todil,  Watson,  and  Corrigan   that  the  (n^feesion  i 
country  recognised  the  error  of  venesection.     Thus  L;ithivm  says,  " 
seldom    employed    venesection,   and    nuver    largely";  Tmld  says* 
experience  leads  mo  to  value  vory  lightly  the  eflicaey  of  general  bli 
in  inflammation  of  the  heart  ";  and   Watson,  '*  I  seldom   opon  a  ^ 
these  cases.*'     The  Fruticli  school  at  the  beginning  of  the  hist  ot 
cairied  venesoctiork  to  extreme  excess,  and  somewliat  Utur   BoudU 
whom  wo  owe  much  for  his  demonstrations  of  the  connexion    \ie 
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rheaaatiszn  and  heart  disca^,  was  perhaps  the  greatest  bleeder  of  them 
ftH  As  bloodiog  fell  into  dinu^  purgation  cAmo  in.  Mncleod,  indei'd. 
«ii)br»cnl  \m)\\\  in  his  severe  dii^cipliiic;  and  Hujx)  m^ide  use  of  calomel 
And  opium  together  with  salts  und  eenmi  in  doaes  sufficient  to  ensure  four 
or  tivr  sto^lR  daUv. 

The  ulkalinu  sj'stem  of  treatment  was  brought  into  general  promi- 
nence by  Fuller,  and  was  adopted  hy  the  bulk  of  practitioners  in  this 
ooontrj :  though  it  never  had  the  same  popularity  on  the  Continent 
FmimlHii  on  the  conception  tluit  rlieuuiati^ni  was  due  to  the  presfnce  of 
tn  u'ld  in  the  bloody  it  was  thought  that  if  this  acidity'  could  be 
MOtralised  benefit)  to  the  piitient  woiild  onisue.  The  alkaline  trcat- 
meut  still  has  strong  supporteru  in  this  country,  and  I  think  it  caiuiot 
te  denied  thjit  it  is  beneficial ;  by  depressing  the  heart's  action  it  tends 
ti>  lewcn  the  danger  of  the  occuiTenco  of  pericarditis,  and  jxissilily  of 
ewlociinlitis.  Its  grtiatDst  iHineHt  wa«  that  its  athiption  led  to  the 
lijminntion  or  alwridounient  of  the  trtyitnioit  by  mcreuriaU,  which  had 
Iwii  80  luiiverwilly  inllicted  on  sulferers  from  endo-  or  jiericarditia. 

We  now  can  ascribe  little  ur  no  tbempcutic  value  to  the  lemon 
juice  treatment  first  introduced  by  Owen  Recs,  and  used  by  Leliert 
wxl  others  abnmd.  Lelwrt  ma<Je  a  very  careful  trial  of  it,  giving 
the  juice  in  increasing  do8(;s  until  six  ounces  a  day  were  arrived 
«.  It  appears  to  mo  hardly  necessary  to  do  more  than  mention  col- 
rhicuni,  vemtria,  aconite,  tartar  emetic,  (piinine,  and  other  well-known 
*lnigi;,  which  have  each  in  their  turn  been  recommended  on  high 
flfitbority  ;  nor  the  more  recently  introduced  antipyrin,  phenacetin.  and 
Irimethylamine,  which  reduce  the  tc'mperatui'e  indeed,  but  apj^ear  to 
"J"e  no  ivally  beneficial  action  on  the  disease.  Tlio  marked  anaemia 
*hith  accompaniee  and  follows  acute  rheumatism  led  to  the  a<lrainjstra- 
»on  of  iron,  especially  the  pcrchloride  ;  but  experience  hiis  shewn  thnt 
"1  the  aiiutij  stage  it  is  useless  if  not  injurious. 

The  general  experience  that  the  fever  and  the  j>ain  in  the  joints  urn 

'"creaa^yj  by  movement,  has  led  to  the  methml  (if  tre.*il.ing  thiwe  cases  by 

""©f-hanieal  fixation  of  the  joints  with  pla»t<fr  of  Paris  or  starch  bandage*; 

S*'0<1  lofliilts  are  said  to  have  followed  this  plan,  but  1  have  no  ex|>erienee 

**'  *t  myself,  and  it  h;w  been  little  tried  in  this  country.     For  a  timo  the 

'"'^a.iTOent    by   blistering  over   or   lutir   the   alVected    joints,   s<i   str()ngly 

***Vocatetl  by  Dftvies,  was  in  favour  ;    but  no  one,  I  think,  would  now  moin- 

***>!  tliat  it  witfl  of  any  nssistance  in  the  elimination  of  the  morbiil  matter. 

.'Ejection  of  various  sultatanoes  into  the  tissues  Hurronnding  the  affected 

■'^^^ts  haa  been  practised  :  Senator  speaks  favourably  of  his  experience  of 

*^Uii/e'«  method  (oO),  of  injecting  a  I  per  cent  solution  of  ciirbolie  acid  ; 

****!  Ih',  Gillespie  has  retoixled  some  ease.s  in  whicli  a  10  per  cent  solution 

^Ha  used  with  marked  success  so  far  as  the  relief  of  the  piin  wits  concerned. 

Gamarcb   and  Stromeyer   recommend   the  application  of  cold   com- 

P'^'&sses  or  ice-bags,  and  many  yeai*a  ago  r>r.  Dover  said  of  rheumntism  : 

"  Xbis   is   likewise  a   highly   inHauimalory   fever ;    the  blocHl   does   not 

appear  more  pleuritittd  or  sizey  in  any  distemper  than  this.     Bleeding  in 


this  ca«e  i& no  remedy.     I  myself  have  knoun  m&ny  lose  a  bondrod 
of  blaol  und  more  withoiu  lelieK     The  cure  ih  much  easier  perform^ 
v\it.hoiit  that  o{)oration.     Inmiei-fiion  iu  coltl  WAtor  is  u  remedy  of  sin, 
H80,  OS  is  ovidont  from  many  huntlrods  thai  have  been  cored  hy  cold  «ii 

The  use  of  willow  Uirk  iu   the  ti-eutment  of  int42rniillenl  and  «i! 
fevers  haa  hcQU  advocated,  iVtim  time  to  time,  for  more  than  a  hmul; 
ywirs  (80) ;   its  virtues  have  been  considered  by  some 
^u{»erior  to  those  of  cinchona.     With  the  ailvance  of  vUvf 
its  active  ])rinciple,  cuiUcin,  was  rccoromended  for  the  hium*  u^vi  tit 
seventy-Hvu  yeiir^  ago  (7),  and  about  thirty  years  later  s:dicyUc  Kcid 
introduced  to  medical  practice  ;  at  tirst  mainly  as  a  di^infectauL    All 
simultiinoously   salicylic  acid   in  Germany  (QO,   74)  and  saUcm  in  tUl 
country   were   used  for  the  treatment  of  acute    rhoumativm ;   «od  iW 
results  obtJiined  were  so  favounible  that  the  tnyitmcrit  of  acute  rbisun* 
tisni  by  sidicin,  snticylic  acid,  or  its  com]X)unds,  quickly  became  gsnetil 
The  inconveniences  in  the  use  of  salicylic  acid  were  ^nyit ;  it  is  iiiwU 
disAgreoablo  to  take,  and  causes  not  infrequoutly  gnstiio  and  tntcti 
irritation :    it   was   soon    found    that  its   alkaline   salts    had    the 
beneficial    effect**  without  thv  disndviintajjes,  awl   in   this   country  aB- 
cylate  of  soda  is  used  almost  to  the  exchisiou  of  other  eonipoiUHU.    Tbe 
aildition   of  an   equal   or  rather  larger  amount  of   liicarlKmuU  tfl  tip 
saliryiftte  of  soilinni  usually  prevents  any  unpleii^ant  effects,  and  ai<(Mtf> 
to  increase  the  efficiency  of  the  drug.     I  have  had  but  little  ex|x'rieiicf 
the  use  of  .'ispirin  in  acute  rheumatism  :  it  is  stated  to  bo  bettrr  tol 
than  salicylic  licid  or  the  salicyhiten,  and  to  be  of  great  value.    In  ewe*'' 
chronic  rheumatic  imin  and  gout  it  hjia  appeare^l  to  me  of  drcidinl  Wn 

I  huvo  seldom,  if  ever,  seen  serious  or  alannirig  s^Tnptoma  prwln 
by   salicylate  of   sodu,   similar    to  those   descriln-d    by    Orecnhow,  iM 
alluded   to  by  Sir  William  Broadbent  and   others,  when  due  care  w» 
takuM  to  diminish  the  qmuitity  given  as  its  effects  are  mamfeated.    1b 
cases   of  jM'ricanlitis,   where  myocarditis  may  be    present  with««U  "W 
knowledge,  caution  must  be  cxurcised  in  the  use  of  ftalieylot*\  ami  th' 
force  and  frequency  of  the  ptdso  be  noted  at  frequent  inter^^dR.    C^** 
bnd  symptoms  have  been  more  frequently  oliservetl,  not  only  the  de^ 
uoss,  singing  in  the  oars,  buzzing  and  sound  of  rushing  of  water  in  tb« 
head   which  occur  whenever  the  ding   is   pushed  a  littlu  too  far,  b«*^ 
decided  wandering  of  the  mind.     This  has  occurred  in  my  exi»oncnC< 
more  frtniueutly  in  women  than  in  men,  and  has  occasionally  uikcu  pU*^ 
l»ofore  the  {salients  appeared  to  bo  fully  under  the  inHuimce  of  the  dni^- 

Experience  shows  that  the  nK»sL  favourable  trenimefit  for  casca  o' 
onlinary  severity  is  as  follows: — Twenty-grain  doses  of  aalicyialc  of  *oii* 
every  two  or  three  hours  until  the  patient  is  fully  under  the  influence  (^ 
the  drug  and  the  pain  in  the  joints  relieved,  which  usunllr  bnppeu«  i*' 
twenty-four  hours  or  less ;  the  dnig  should  then  be  reduced  in  quantity^ 
id  us  soon  as  the  pain  is  gone  and  the  temperature  fallen  to  normal,  th^ 
touut  should  be  further  reduced  to  half  a  dnichm  or  a  dmchni  in  ih^ 
twonlv-fuur  hours.      This  small   dose  should   be  continued  for  ten  ic3 
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teca  da^'s.  as  iu  continncd  administration  appears  to  have  a  decidedly 

ficiftl  efft^t  ir)  wanling  <ifi'  reliijisos. 

tlejir  tbat^  notwithstaiKiing  the  marked  relief  that  piitietius  obuiin 

,L  trcatiiient    with    salicylates,    we    cannot   regard    them    as    specific 

■cA .:  cardiac  compiicjitiona  appear  as  common  now  aB  of  old,  and 

■w  are  aa  fi-eqaont. 

If  the  tongue  he  coated  and  the  bowels  con8tipat«d,  a  free  purgative 

ilomel,  or  calomel  and  colocynth,  followod  if  necessary  by  siil[»bate  of 

nesia,  is  advisable ;  a  free  action  nf  the  bowclB  at  the  comnienccment 

hit  salicylate   treatment   appivirs    in    great   measure    to   obviate    the 

easant  cerebral  effects  of  the  dnig. 

rbc  diet  dhould  )»  fluid,  and  consist  mainly  of  milk  and  farinaceouB 

Bounds,  such  as  arrowroot,  corn-tlonr,  rice,  and  b/;)  forth.     A  UKxlerate 

■Dt  of  beef-toa  or  other  animal  broths  may  be  allowed.     I  have  ne^-er 

advantage  from  rigidly  cutting  off  ail  animal  broths,  as  recommended 
omc  writers  (1).  Plain  wntcr,  l>arlcy  wider,  lemonade,  or  imjicrial 
k  ntay  l»e  allowed  at  will  tfj  assuage  the  thirst  from  which  the 
Mils,  notwithst^inding  their  fluid  diet,  usually  suffer.     As  a  genend 

alcoholic  stimulants  are  to  be  avoided ;  but  in  cases  of  prostnition 
:fit  is  obtained  from  the  administmtion  of  small  quantities  (not  more 
I  one  to  three  ounces)  of  brandy  in  the  twenty-four  bout's, 
hi  cases  compIicatiHi  with  severe  ondo-  or  pericarditis  stimulants  ai-o 
J  frequently  required,  and  the  diet  must  bo  moie  generous — eggs 
en  uj*  with  milk  and  brandy,  and  a  large  quantity  of  animal  soups, 
U  ailvisabU'. 

Rest  is  most  important,  and  for  this  purpose  attention  should  bo  paid 
le  bed,  which  should  be  flat,  smooth,  and  not  too  soft.  Feiither-beds 
[fl  be  avoided,  and  the  patient  sboidd  Ije  lightly  clothed.     iVi-spim- 

ia  so  abundant  that  the  sulTcrci-s  aie  more  comfortable  when  lying  on  a 
Itet  than  on  linen,  and  they  should  we^ir  flannel  or  merino  be<Igown8. 
Ihe  existence  of  eiido-  or  |>erii;ai-ditis  calls  for  no  special  change  of 
tmont.  If  in  pericarditis  much  jiain  Ije  present,  a  comparatively  rare 
it,  the  application  of  a  few  leeches  to  the  pnecordia  usually  relieves 
rhere  discomfort  and  oppi-e-ssiou  are  present  rather  tlian  acnte  jwin, 
ister  is  of  use  ;  and  blistering  apj>cars  to  favotir  absorption  of  the 
ion.  I>r.  Lees  speaks  most  favouribly  of  the  appliciition  of  ice  to 
ihest  in  pericaniitis.  In  his  ex|>erience  it  tends,  when  a]>plied  oon- 
>usly  to  the  chest,  to  check  the  \iolenoo  of  the  local  inflammation, 
ers  effusion,  helps  to  cause  absorption,  diminishes  the  dilatation  of 
heart,  and  is  usually  gmtoful  to  the  feelings  of  the  patient.  I  have 
frperience  of  its  use  in  pericarditis ;  in  croupous  pneumonia  it 
ars  U>  me  an  imcertain  mode  of  treatment ;  some  patients  like  it 
are  rolievetl  by  it,  hut  many  arc  not  able  to  tolerate  it.     Xo  one 

believes  in  the  efficacy  of  mercury  in  controlling  rheumatic  peri- 
(ti«.  It  used  to  be  given  by  the  phy8ici.an»  of  former  generations  in 
mction  with  opium  :  and  I  am  coii\Huced  that  in  many  cases  in 
h  dyspnoea  and  restlessness  occur,  marked  benefit  is  obtained  from 
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the  moderate  and  judicious  administrution  of  opium,  which  in  these 
J  jireft'P  to  morphine.  ' 

\\\  ilie  treiitmont  of  endocardiiia  endeavour  should  bo  made  to  pv» 
heart  as  little  work  to  do  as  possible.     In  addition  to  perfect  rest  id 
Dr.  Caton  K(}eakn  favounil'ty  nf  the  reflulta  ho  has  obtained  by  »: 
tuneoiisl}^  giving  soiHnin   or  potassium  iodide,  and   frcqUciilly  afjplpii^ 
snutll  liliBlerK  t^j  the  chest. 

The  |»iin  .'ind  »we)lin^  ar(jund  the  joitiiA  are  no  capricions,  and  DMm 
so  rapidly  from  joint  to  joint  when  no  niiftliruticins  arc  made  ro  thca 
that  it  apiMVirs  doubtftd  whether  topical  applications  have  much  <frct 
either  in  relieving  the  pain  or  iriHnonciti^  the  disease.  FonienUitimi^  aiii 
all  wet  applications  are  trou1>lef>omo  and  not  to  be  rer<  :  '  <I ;  Ml* 

donna  or  opium  iininn'nt  applittl  on  linl^  covered  with  •  ■•incluim 

appears  of  .serWce,  or  wrappinj^  the  joints  in  simple  oniiori-w*Mi|  U  b* 
lately  been  stated  that  oil  of  wintergrcen,  or  salicylic  acid,  lanoLinc,  iiil'>* 
turpentine,  of  e;irh  one  part,  with  lanl,  ten  part«,  ti{>plied  rxt^mallr  U>  (bs 
joints  act  as  well  as  when  taken  internally,  beinu;  absor)K?d  by  thi^  skin  In 
the  few  cuBcs  in  which  I  have  used  this  application,  I  have  failed  tv  i\A 
any  evidence  of  al>ft4>rption  of  salicylic  acid  as  tested  by  il.i  pre-scncc  in  ihr 
urine  ;  and  I  have  not  aeon  any  l>enetit  to  the  patient.  When  teDdcnw* 
and  BtifincRS  renwiin  about  a  joint  mtich  roh'ef  niay  beobtjtincd  from  pr* 
porly  directe<l  jiatiaive  moveraentfi  and  rubbing.  Acute  rheumatisiD  rarrlr 
injures  a  joint  permanently  ;  and  when  ankylosis  or  ]>erHislcnt  ftifhum 
results,  in  all  proTmbility  the  original  disease  was  not  acnu*  rheiunatiMiL 

Trealfiirul  of  Ut/prtfn/nt.ria. — Kxpcrionce  ha«  shewn  that  in  thesie  c»*». 
as  in  tusolatio,  no  antipyretic  dru^n  iire  of  any  usu.     The  only  suocead^ 
mode  of  treatment  i^  the  rapid  abstrtiction  of  heat,  and  by  this  mitf' 
we   Hre    able    to   snatch   some   auflercrs  from   the  very  jaws  of  d«it^ 
Mc<ling  ap|)cai*8  to  have  been  the  lirKt  to  sjive  life  in  this  way^in  tb 
cnae  of  a  woman  in  whom  hyi>erpyrexiji  occurred  al>out  the  twentirth  fiM 
of   an  attack   of   rhetimatic  fever   following   erysipelas.      The   ri 
Htuick  w:i8  of  moderate  severity  and  conijilicited  with  eHdocaj«!; 
tcraponiture  rose  to   108*6^  F.     In  the  Sfimo  year  Wibion   Fox  - 
lishwi  his  first  case  trwiled  unsuccessfully  by  repeated  immersion  in  ■, ..  _ 
tepid  Uitbs,  and  the  foUowing  year  his  two  successful  ones  (34),    Althoog 
the  \'alue  of  cold  atfusion  in  the  treatment  of  fevers  had  been  rocogniflE 
for  yeai-s,  and  it»  ctHcacy  in  insolatiii  had  iK-en   provwl  by  MondnwJ  aa 
others  of  hirire  Indimi  experience,  it  was  not  until  after  the  |  n  i 

WiUou  Fox's  cAses  that  the  trt^tmenl  of  hyper}>y rexia  by  the  i  t  r» 

tion  of  hcjit  was  sy8t**nmtically  iiscfl  in  this  country.  Vrolon^^  oxpchen 
has  provefl  its  etticiicy  not  only  in  '*  rheumatic,"  but  also  in  other  form*  t 
pyrexia;  and  many  lives  have  been  saved  by  this  means.  When  th 
mode  of  tivatment  was  6r&t  miulc  ut<e  of.  tht*  pixtieni^  were  placed  i 
baths  of  i>0  F.  or  hijiher,  and  the  wjiier  i^rudnally  ciwlod.  Experien* 
ha«  shewn  that  nothing  was  gained  by  this,  the  temj>enilure  of  thi*  hiJ 
ut3Vi\  not  1)0  raisotl  alH>vp  *»5^  F. — the  more  rapidly  heat  can  I*  extractc 
from   the  patient  the  better,  and  the  less  the  siibsotpiont  exbatutiair 
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hence  it  is  a  good  pbn  to  odd  ice  rather  than  wator  of  the  temperature 
ot  llie  ftir  to  the  hath  jia  it  ig  heated  by  the  patient.  Cold-water  pack- 
mk; »ione  13  not  of  much  effect;  hut  ice-pHckinj:;  and  nihlung  tfit*  bcidy 
iritli  himps  of  ice  have  secured  results  nearly  as  satisfactory  as  the  cold 
faith.  himI  can  >>e  applied  when  facilities  foi-  iKithing  are  not  at  hand. 
tVw  should  be  taken  to  8[>onge  the  heitd  with  ice-cold  wiiler  or  to  apply 
AD  if'.'-c3p  whilst  the  patient  i«  in  the  bath.  The  duiation  of  the  hath 
■li'jtcmiH  on  tiic  rapidity  of  the  fall  in  temperature  and  the  condition  of 
ihp  patients  It  is  de^irahlt?,  if  possible,  lo  keep  the  putient  in  the  both 
intii  the  temperature  has  fallen  five  or  six  degrees.  If  deeiderl  shivering 
wraw  on.  the  [uitient  must  Ije  taken  out  of  the  bath,  oven  if  the  tcinj>cra- 
tnro  has  not  fallen  many  degrees  :  not  infrtMpienlly  the  lem|>erature  con- 
tinues to  fall  for  a  time  after  removal  from  the  bath.  To  combat  the 
coQtpeo  which  sonietimeit  follows,  the  free  use  of  stimulants  is  required  : 
and  fthould  the  temperature  sink  hrlow  the  normal,  anrl  bhicnoss  and 
lividity  of  the  face  or  extremities  remain,  hot  bottlc-s  should  l>e  appliwl 
ti>  the  feet  and  hack.  Ahsliaction  of  heat  being  the  only  met h<xl  a«  yet 
hovn  of  benefiting  thc«c  patients^  the  cold  bath  must  bo  repeated  as  often 
u  necessity  arisc« ;  pationte  have  recovered  after  undei^oing  twenty-six 
Wlij;  in  one  case  durin^i  thirteen,  in  another  during  sixteen  days  (17). 

The  presence  of  pneumonia  or  of  peri-  or  ondocfti-ditia,  though 
]in)ba!tly  adding  to  the  danger  of  a  fatal  issue,  does  not  in  any  way 
wintra-indicate  the  use  of  the  cold  bath. 

It  ia  difficult  to  foi-m  an  estimate  of  the  proportion;! te  number  of  cases 
of  livperpyrexia  which  are  saved  by  this  treatment,  as  the  fatal  cases  are  not 
reported  so  freely  as  those  in  which  reeovery  takes  place.  The  mortality  of 
the  coQocted  cases  to  which  reference  has  l>een  maJo  was  as  follows ; — 
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Omitting  18  cases  of  Wilson  Fox's  collected  cases,  in  which  the  applica- 
nt of  cold  was  not  tried,  there  remain  92 — 42  deaths  and  50  recoveries. 

w,  s,  c. 

Stnim   Tfmimrni. — Assuming  that  rheumatic   fever  is   caused   by  a 

|.  *"^ptococcus,  Menzer  \\s^  pre|>ared  a  scrum  by  inoculating  horses  with 

^"Jiig  cultures  obtJiined  directly   from    human   cases.      This   serum    is 

*T>plied   by   Merck   and   described  as   Menzer's  serum.      Its  action    is 

.  r^^-lwl  to  be  bacteriolytic,  but  no  experimental  proijf  has  lioen  adduced 


th 


■*.t  this  is  so.     The  method  by  which  the  strength  of  the  scrum   is 


*-**-ndardi8od  is  also  unsatiRfiWtoiy,  a  "  normal "  serum  being  such  that  if 


6^6 
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1   cc.  is  injected  subcuUueously  it  will  produce  id  chronic  atn*[i 

infuctioim  in  man  n  (li»tiiict  1o<-.h1  iind  ;;eiioml  reaction.     For  casa  ol 
raaiic  fover  Menaer  recomraeiids  daily  injections  of  6-10  c.c  upto»i 
dotso  of  50  c.c,  with  intervals  of  one  or  two  days  in  case*  uf  high  fewr. 

From  tho  results  of  hiu  treatment  of  a  conBitiunihle  number  *.A 
Menzcr  conchides  that  the  sonim  treatment  of  rheumatic  fever  pv 
better  resulU;  thiin  any  other  method,  in  so  far  that  there  is  U 
of  t.ho  development  of  u  chronic  rlieiimaiiHrn,  and  tliat  the  fr«qi 
endocarditis  and  relapses  is  diminishtNl     These  view6  arc  not  cor 
by   the   observations  of   Sinnhiiber  oi'  Bibcrgeil,   although    tliKy 
some  improvement  in  chronic  cjwcs.  W.  E 

Tlio  appendices  need  a  few  words  of  explanation  and  comiD«nU 

Dr.  NewKholnie,  in  the  Milroy  Kectiires  of  the  year  1895,  when 
ing  \vith  the  returns  of  the  Army  Medical  I)e|>ailmont,  did  not  wf 
rheumatism   from   rheumatic  fever.     An  examination  of  the  figiin»  a 
Api>endix    11.   shews  how  necessary  it.  is  that  this  should  be  dot* 
estimating  the  fretiucncy  of  rheumatic  fever  at  any  station ;  n*  it 
bo  seen  that  at  some  stations  where  the  admissions  fur  rheiiinatisni 
high  no  cAse  of  rheumatic  fever  was  met  with.     In  Appendix  1.  1 
the  proportion  of  deaths  from  rheumatic  fever  and  rheumatinn  of 
heart  in  every  1000  deaths  iti  the  Unite<I  Kingdom  and  in  eofur  of  '< 
L'olonies.     Vital   statistics  arc   not   kept   in   the   same   form   in  all  «o 
Colonies,  which  renders  it  ditheult  to  compare  their  tignr<*«  with 
for  this  country  ;  the  same  diflicvdty  is  also  met  ^rith  in  cndoavoii 
to  compjire  the  returns  of  foreign  countries  with  our  own.     The  6t 
given  apply  to  rheumatic  fever  or  aento  rheumatism,  no  such 
rheumatism  of  the  heart  occiuring  in  the  foreign  returns.      In  Dr.  N* 
holme's  Milroy  Lectures  :t  vciry  large  amount  of  stAtistical  infor 
as  to  the  nioitality  and  occuiTcnce  of  rheumatic  fever  is  given, 
figures  given  in  the  Table  are  for  years  subsequent  to  those  collectrj 
Dr.  Newsholme.     By  the  kindness  of  the  Director-Oenoral  1  wo.*  furiiKi 
with  the  figures  placed  in  the  second  column  of  Api>endix  IL,  which  ».h 
tho  amoiuit  of  rhoumiitic  fever  in  the  army  during  ibe  yeJirs  \^%^- 
In  giving  tho  returns  for  19U3,  which  CJUi  Ik?  obtained  from  tlie  "Rfp 
on  the  Health  and  Sanitary  Condition  of  the  Ai-my,"   prefixed  t( 
stiitistical  tables,  I  have  thought  it  desirable  to  give  the  toul  niirafc 
of  men  at  the  various  st^itions,  as  tho  ratio  per  1000  of  strength  in 
where    the    numbers   are  small    gives  nn    incorrect   impreasion  of 
frequency  of  the  disease. 

Appendices  III,  and  IV.  are  republished  in  their  original  form 
atbich  little  importance  to  IV.    It  is  roughly  iniiccordance  with  the  rrLi 
of  the  Kegistrar  General,  which  shew  that  the  mortality  from  rhi 
fever  and  rheumatism  of  the  heart  is  greater  in  the  north  western 
and  in  the  large  centres  of  population  than  in  the  other  diinsions  of 
kingdom.     The  oast  coast  appears  to  suffer  decidoJly  less  than  the 
Newcastle-on-Tyne,  which  is  a  vast  man  u  far  luring  city,  is  alono  in 
senting  a  high  average.     In  compiliug  this  list,  oaro  waa  taken  to 
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^^^^R^turns  of  those  hospitals  which  uffbrdod  full  infoi'ma- 

^^1 

1  the  actual  numbers  of  rbeir  rheum&tic  fever  or  acute  rheumatism         ^^^^| 

^(1  uf  the  annual  nuinl)er  of  their  medical  ;i3  distiitgiltsht^d  from         ^^^^| 

jgical  patients.     1  am  glad  of  this  opportunity  of  tendering  my         ^^^H 

B  the  secretaries  and  resident  officers  who  have  so  kindly  supplied           ^^^B 

ilhe  inforiuixtion  wh 

icb  enables  me  to  compile  Appendices  IV.  :uui                ^H 

trouble  aud  laboiu-  to  thcrasclves  which  I  fear  was  considerable.          ^^^^| 
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Appendix  III. — Statistics  of  Rheumatism  abstracted  from  the  Offiiiil 
Returns  of  our  Colonies  and  Colonial  Dependencies,  shewing  tbr 
average  Number  of  Cases  of  Rheumatism  admitted  to  the  i  nii 
Hospitals  per  thousand  of  admissions  from  all  causes. 


KtaUatw. 

5 11  = 

Hniurk».l 

c 

<5i 

1,    Houdiiras     .          ,          .          .          , 

92-07 

2,   Vietoriu  (AujUrdiiii      . 

n-;ia 

tl  y*ftrA, 

3.  JlmaicJ^ 

56-11 

fi  ye*rs. 

4.  Stniittt  tii;ttleiuM]it» 

53-Q.^ 

4  years. 

5.  SkTra  Liinii!           .... 

5J  Gfl 

fi.  New  ZoaUiiil        .... 

53 '3a 

7  yoarw. 

7.  Nova  Stioti*          .... 

44-25 

S.  WL'starn  AuRtraUd 

42 -n 

0,  Pr«3\*iti('c  ofOuUirio      . 

41-i>3 

10.    Cai>i^  of  Goal  Hoin- 

4110 

n,  JSouth  Australia   .... 

38-4-1 

AdeUid^  Ho^inibt  on 

]y- 

V£.  Ceyldii          ..... 

se-no 

l:l.  St,  Hplfiia   .... 

aO-44 

U.   Britir^h  Guiunu     .... 

23- 10 

15.   Victoria  Htw|«itJiI  (Halifax) 

^6■J.^ 

IB.   MtiuritiuH              .... 

2:j;it 

11.  Ta.H]»tanifi                      ... 

23-79 

ia.   Malta 

■22-71 

'  The  ftvt^rages  are  taken  from  the  la.tt  five  years  for  which  I  could  obtain  stitiitB* 
except  wht'ii  otherwi'ie  statt-d. 


[Table 


IV, — Shewing  the  Proportion  of  Acute  Rheumatism  to  the  Total 
rions  for  Medical  Diseases  in  various  Provincial  Hospitals  in  Great 
I  and  Ireland. 


Hhcmnatlc  |                                                                                  | 

B<Mpltal». 

Fever. 
Percent 

RemarlcR. 

10-24 

5  years 

iven          .... 

9-53 

10     „ 

OD-Trent  .... 

9-26 

10    , 

)■ 

8  07 

'  ■ 

Victoria  Hospital.    Acute  and 
subacute. 

jury 

7-66 
7-64 

11: 

. 

7-20 

10    , 

Royal  Infirmary. 

u 

6-74 
6-59 

10     , 

7     . 

a      ....         , 

6-56 

5    , 

I 

6-06 

n    . 

Ai»pro.Timateonlv.  One-half  of  l 

!    ca-ses  being  stated  to  be  acute,  i 

lock 

5-7r. 

10    , 

I 

;ham         .... 

6ri7 

10     , 

General  Hospital.                          ] 

,  Itflo  of  Man    . 

5  33 
514 

u  : 

ter   .        .        .'        '. 

f)-13 

10    , 

i 

w      .         .         .         .         . 

5-10 

10    , 

1 

9tle-on-Tyiie     . 

5-10 

r»   . 

upon-Trent 

510 
4-70 

5    . 
10     , 

y 

4-68 
4-60 

10     . 
6     . 

;haiii          .... 

4-28 

11     , 

Queen's  Hospital.                        1 

ml 

417 

11     , 

s'orl'oik  and  King's  Lynu  . 

4-17 

6     , 

'1      .         . 

4-04 

10     , 

ol 

3-96 

10     . 

,  Roya!  Southern  Hosnital. 

ick  Duns .... 

3-77 

8     , 

Dublin. 

3-76 

3     . 

me  '.'.'.'.        '. 

3-73 

5     , 

1 

eath  and  Mullingar  . 

3-57 

5     , 

1 

»ter 

3-;(4 

12     , 

Royal  Infinuary. 

3-30 

8     , 

; 

!n 

2-81 

s    , 

1 

y 

2-74 

7     , 

'  Cottage  Hospital. 

5ton 

2-64 

5     , 

1  Warnford  Hosjtital. 

2 -.^.3 

3     , 

Tliis  is  calculated  from  an  aver-  '< 

age  of  medical  cases.                1 

d  Canterbury   . 

2-52 

10    „      1 

'g»' 

2-35 

1  year    ,  One  year  only. 

tt*r 

1-83 

10  years                                                             ! 

trolk  and  Ijiswich 

1-41 

10     ..,                                                                i 

>is|H;n.sury 

0-97 

8     „ 

the  following  hos]>italft,  the 
fever  to  1«  separated  fro 

returns  di 

i  not  iM?rmit  the  eases  of  rheumatic 

m  the  rest 

of  tlie  rheumatic  cases  :— 

12-3.^. 

9  years  j  All  cases  said  to  hv  acute. 

ud    '.'.'.'.        '. 

5 -96 

10     .. 

61     ....        . 

5-56 

8     ,,        Majority  acute.  Koyal  General 

'       Inhnuary. 

^Ol)            .... 

5-00 

An  average  only. 

im 

3  -59 

10  years  ' 

stield         .... 

2-00 

10  '  „       ■  An  average  only. 

11. — PT.  I 


2t 
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Appendix  V. — Shewing  the  average  Proportions  of  Cases  of  Rheumatic 
Fever  admitted  to  some  of  the  London  Hospitals  to  the  Toul 
Admissions  to  the  Medical  Wards. 


Pereentap? 

Hospitals. 

of  case.4  of 

Rheumatic 

Fever. 

RemarkR. 

Westminster  Hospital 

7-37 

9  years  1884-92. 

St.  George's  Hospital 

6-60 

10     „      1884-93. 

University  College  Hospital 

5-74 

10      „      1881-90. 

St.  Thomas's  Hospital       . 

6  13 

10     ,,      1882-91.        1 

St.  Bartholomew's  Hospital 

6-63 

21      „      1873-93.        ; 

If  the  last  fire  years  of  the  series  is  taken,  a 

very  crcat  diminution 

in  the  number  of  cases  at 

the  Westminster,  St.  Thomas's,  and 

St.    Bartholomew's    Hospitals    is    shewn 

University   College      | 

Hospital  shews  a  fractional  decrease,  and  St.  George's  a  fractional 

increase. 

Westminster  Hospital 

3-70 

5  years  1888-92 

St.  Thomas's  Hospital       . 

4-78 

5      „      1887-91. 

St.  Bartholomew's  Hospital 

. 

3-51 

5     „      1889-93. 

University  College  Hospital 

. 

5-22 

5      „      1886-90. 

St.  George's  Hospital 

• 

6-22 

5      „      1889-93. 

During  the  last  eleven  years 

the  figures  remain  much  the  same. 

Westminster  Hospital 

5-60 

11  years  from  1894. 

St.  Thomas's  Hospital 

4-40 

j> 

St.  Bartholomew's  Hospital 

4-64 

II 

University  College  Hospital 

4  00 

)> 

St.  George's  H<»pital 

6-43 

It 

\V.  &  Church. 
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THE  ACUTE  KHEl'MATISM  OF  CHILDHOOD 

lly  W.  B.  CiiEAPLB,  M.D.,  F.K.C.P. 

A'.iTE  rheumatism,  as  it  occurs  in  childhood,  presents  many  points  of 

differeiict)  fi»m  the  disease  iw  it  appeara  in  mntnrer  life,     Tlie  ordinary 

f'Jiiccptiou  of  acute  rheumatism,  ns  chnractcrised  hy  swollen,   tender, 

/'^uiiful  jointti,   profuse  sour -smelling  perspirutioii,  and   high  pyrexia,  is 

'''^'wn  from  ohsei"vaUon  of  this  affection  as  we  sw  it  in  adulU;  in   them 

•**"thritis  is  one  of   the  most  con.st;int,   prominent^  and  characteristic  of 

'"C   morhid  phenomena.     This  descrijitiim,  however,  does  not  represent 

'^"^^Mmalism  as  it  is  usually  seen  in  chihlhood  ;  at  this  iK>ri(Kl  of  life  it 

**s  A  iiir  wider  pathological  range,  and  its  phenomena  arc  more  various 

*"«l  coniprelicn'^ive. 

The  Rheumatic  Series. — Certain  affections  of  other  parts  and  organs 

^*^    i*i  frcipicntly  asAociated   with  acntc  rheumatism  of    the  joints  that 

^**c  exi:itenco  of  some  dose  pathological  connexion  between  ihem  is  now 

'^y  generally  accepted;    and   these  affectiims  appcjir  more  fretpiently 

Kj  play  a  more  prominent  jKiit  in  the  diseaiie  as  it  is  presented  in  child- 

'^'^^od.     Endocarditis  and   pericarditis,  for  example,  which  are  frecjuent 

^*^c-ompaniment8   of   articular   rheuniati.^m    in    adnlts,   appear  yet   more 

***'^<|iiently  and  in  more  intimate  dissociation  with  the  rheumatism  of  cluld- 

^^*»^i.     In- addition  to  these  there  are  other  manifestations  which  apfiear 

*^  commonly  or  excluHively  in  association  with  rheumatism  in  the  case  of 

^^ildrcn  that  they  must  bo  admittwl  into  the  rheumatic  series ;  namely, 

**"*licutaneous  tendinous  nodulos,  exudative  erythema,  and  chorea  :    not 

^*^   mention   a  few  rarer  conditions  of  less  certain  connexion.     In  the 

*'tieumati»m   of    children    these    uon  -  arthritic    manifestationa    l}ecorae 


conspicuous  and  frequont :  while  articuUir  inflamnmtinn,  so  prominent  in 
the  rheumatism  of  iulults,  is  usually  slight  and  iininiptirtaiiU  and  ocouDMr 
ally  may  ho  absent  ultogethci-.  Tonaillitis  occurs  in  connexion  with  lh* 
rheumatic  state  in  children,  as  in  adults ;  but  has  no  special  fcator»  « 
signific:ince. 

In  the  case  of  children,  then,  arthritis  is  not  the  eminent  or 
mtativG  symptom.  It  would  seem  that  at  this  jwriwl  iho  joinn 
•e  less  susceptible,  the  other  fibrous  tissues,  the  skin,  and  iht?  m 
system  more  so  than  in  lat^^r  life.  Tlius  in  the  rheunwilisui  of  ihiJ 
hoo*l  arthritis  is  at  its  minimum  ;  endocarditis,  pericarditis,  snhcitur 
ouB  nodules,  chorea  are  at  their  maximum.  As  life  admnces  tt 
rule  is  gradually  reversed  ;  the  joint  affection  grows  more  promii 
regular,  and  characten^tic,  while  the  other  pheiiomeiui  tlecline 
tend  to  die  out.  Kndocaiditis  and  poiioarditis  bet.ome  les*  fr 
subcutaneous  nodules,  so  significant  in  early  life,  practicUIy 
the  iulvent  of  pul>erty ;  and  chorea,  so  common  in  coun«xion  ^ 
the  rheumatism  of  chihihood,  almost  disappears  as  maturity  i«  rewha 
If  the  picture  of  jicute  iheumatism  hail  been  drawn  ori^mdly  fnim  U 
disease  as  it  appears  in  child  ho'^i,  when  it  uristis  under  simpler 
ditiona,  the  articular  aticciiou  would  not  have  been  regardeil  a*  wj* 
scntative ;  endocarditis  and  pericarditis,  and  jiossihly  choreii,  woiihl  lai 
been  loijkod  upon  as  the  primary  and  essential  phenomena,  and  arthr 
as  a  complicjition. 

Another  general  point  of  distinction  between  the  rfieumatisin 
cliilrlhond  and  that  of  later  life  is  the  temienc^'  of  the  varion**  \i\iuei 
arise  iiide|>enilcntly  and  a]>art  from  i>ach  other.  They  do  indi 
together — arthritis,  for  example,  with  pericarditis  and  endoci 
endocarditis  with  chorea  and  nodules  ;  or  all  these  together  ^ts  ph( 
of  the  same  rheunuitic  storm  ;  yet  the  series  of  rheumatic  events  if 
spread  out  or  scattered  over  a  term  of  months  or  years,  so  that 
history  of  a  rheumatism  may  1>e  the  history  of  a  whole  childhootL 
one  time,  for  instance,  thc>re  Ttiay  l»o  an  endocarditis,  a  chort*m  at  *R< 
and  an  arthritis  at  another,  without  any  fiurher  coincident  manifi 
tion  of  the  disca-se.  Again,  the  rheumatic  series,  as  soen  in  chile 
mav  be  complete  or  incomplete  in  any  degree.  The  whole  seriei 
phenomena  may  follow  in  succession,  or  the  expression  of  the  rhem 
attack  may  be  limittHl  to  a  single  event.  An  arthritis,  an  end< 
or  a  chorwt  may  occur  alone,  without  the  sulisequent  occurrence  of 
other  rlieuni.'itic  seizure.  Again,  the  combinations  of  the  several 
may  follow  any  order  of  sequence. 

Sometimes — perhaps  most  fr«pjontly — an  arthritis  appears  6r»t| 
other  cases  an  endocjirditis ;    now  and  again  a  chorea  inaugnmtrs 
morbid  series.     These  phiises  may,  moreover,   l»e   closely   nss<»ciat 
point  of  time ;  or  may  occur  singly,  or  again  lu  groups  with  vi 
intervals  between. 

Miirwr  '/  Nftr. — The  incidence  of  acute  rheumatism  upon  the 
in  childhood  differs  remarkably  from  that  in  the  period  of  maX\ 
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all  Ages  of  life  together  it  falls  nearly  eqiwlly  on   males  and 
flointiwluit  more  heiivily  011  the  former.     In  chiMlioud,  however, 
\  is  reversed,  and  the  disease   is  most  common   in   girls.     The 
tiportiuns,  however,  shew  curious  VHi-iations. 

Accorrlin;*  10  the  Rtatiatlca  yieMed  \\y  the  reports  of  the  Collective 
iTeitigation  Committee,  in  the  first  period  of  from  1  to  5  years  of  age 
>_V8  prcixinderate  in  the  proportion  of  5  to  1.  In  the  next  qninqnen- 
aI  peno*!,  from  I)  to  10  year«,  they  l»econie  nearly  eqiinl,  in  the  pro- 
Jrtion  of  15  to  14.  In  the  next  period  of  11  to  ir>  years  there 
iiDfti  a  reinjirkahle  change ;  the  pmportion  is  suddenly  reversed,  the 
iIa  gull'ering  in  the  pro{»rtion  of  nearly  2  to  t .  This  cx])lains 
ftpmo  degree,  proljiihly,  the  grentcr  prevalence  of  chorea  in  girls 
Pl  this  perioti  of  life.  Alter  the  age  of  15  the  greater  liability  of 
Bulcs  <locline8  up  to  20  years,  so  that  at  the  close  of  this  period  males 
Mpnderatu. 

Bnother  point  with  reg-ard  to  acute  rheumatism,  which  comes  out 
Q  flspocial  oleiirness  and  force  in  the  case  of  children,  is  the  potent 
AueDce  of  hereditary  disposition.  The  statistical  evidence  recorded  in 
ii  respect  is  unsatisfactory  and,  indeed,  obnonsly  defective.  The 
•ultA  shew  great  diacrcp/mcy,  owing  to  differences  in  the  thorough- 
IB  of  the  inquiry,  the  nature  of  the  evidence  aIlowe<l,  and  the  class  of 
itifitit  fii^ni  which  it  is  dniwn.  Mo«t  of  the  material  was  obUineil  fiom 
"qjital  piitionts  of  the  poorer  class,  who  generally  know  little  of  their 
Ijitions,  or  of  the  diseases  from  which  they  suffer ;  and  the  inquiry  wjvs 
luliy  basetl  upon  the  history  of  articiUar  alFection  alone.  More  trust- 
)rthy  datA  can  be  obtained  from  private  cases  ;  parents  of  the  better 
iss  know  A  good  deal  a>)out  the  diseases  of  their  own  childien  and 
immeiliati!  blood -relationa.  Statistics  from  ]rrivate  cases  of  acute 
Uliaitism  under  my  own  observation  give  a  proportion  of  70  per 
It  in  which  lliere  is  a  definite  family  history  of  the  same  alloction  in 
it"  blootl  relations.  Many  examples  have  l>een  reconled  which  shew  a 
tarkahle  family  incidence,  the  iudindual  cases  often  occurring,  apart, 
not,  therefore,  attributable  to  locality  or  infection.  The  most 
lificant  point  of  all  is  the  power  whicli  double  inheritance  appeai*8  to 
rdse  in  intensifying  the  tendency  to  the  disease.  When  acute 
Umatism  prevails  in  the  families  of  both  parents,  not  only  is  the 
'ility  to  the  disease  increased,  but  its  severity  and  persistence  are 
^•aaed  alsa  The  mast  inveterate  and  fatal  cases  which  have  come 
my  observation  have  had  this  double  strain  ;  and  similar  examples 
m  rocorfled  by  Or.  Ooodhart,  Dr.  Oarrod,  and  others, 
the  phenomena  of  acute  rheumatism  in  childhood  are  more  van'ed 
[tensive  tliari  those  m<^t  with  in  later  life,  so  ejich  in  turn  presents 
Tits  of  difference  from  the  same  condition  in  a^lults,  and  requires 
nlc^l  and  individuHl  consideration. 

ferthritls. — It  hiis  already  been  state*!  that  in  childhoo<l  the  articidar 

Ktion  is  usu.'illy  slight,  indeed  it  is  less  extreme  in  every  way  than  in 

case  of  adults ;  there  is  less  swelling  and  tenderness,  leas  pain  and 
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fever.  It  is  a  comparative ly  rare  thing  to  see  a  young  child  Jri 
motionless,  bound  hand  and  foot,  and  not  daring  to  move  or  turn  in 
for  fear  of  pain — a  condition  so  charaetorislic  of  the  diaiiase  in  iJfi* 
people.  There  is  often  merely  a  little  pain,  fttttVness  and  lendem^Mv 
without  perceptible  swelling,  limited  perhaps  to  a  single  joiiu  n 
set  of  joints.  Sometimes  the  affection  of  the  Hbroua  tissues  is  extn- 
articular,  conKned  to  tlie  tendons  or  the  fascia  in  the  neighboarhood 
the  joint,  and  analogous  to  the  stifl'  neck  which  sometimes  intleed  v 
only  sign  of  rbeumatiAm.  The  tendons  of  thft  hamstring'  nnmrlcs 
the  knee,  for  example,  may  l>e  attiickcd  alone,  causing  siiffncs*  and 
on  movement ;  a  child  thus  atl'ccted  walks  on  the  tijis  of  the  lo«s,  vitb 
knees  Iwnt  to  avoid  tension  of  the  sinews — a  very  characteristic  «pi. 
.Such  minor  atUieks  are  apt  to  be  overlooked  altogether,  or  regiinlvd  u 
simple  feverish  attacks,  not  severe  enough  to  require  me<Jical  aki,  ml 
soon  forgotten.  Yet,  slight  as  the  articuhu-  signs  may  Ijc,  ibt-y  are  ire- 
qucfitly  acoompanieii  by  a  subacute  endocarditis  or  pcricarditi-^  k 
eventiuill)'  to  grave  h&irt  lesions.  These  considerations  afford  ths 
to  many  instances  of  unexplained  heart  disease  and  of  chorea. 

The  slight  arthritis  of  acute  rheiuiiatism  in  childhood  often  AKunsft^ 
misleading  aspect,  so  that  it  may  be  difficult  to  distinguish  it  fnimulfacr 
ailments  involving  pain  and  tenderness  uf  limbs  atid  jointa.     lu  «rlj 
recognition  is,  however,  of  the  first  inii>i)rl;inoe,  since,  as  previous])' 'Ut«i. 
an  insidious  and  deadly  endocarditis  or  pericarditis  may  l>e  at  work  oio- 
ciuTfutly  with  it.     The  alTeclion  of  the  hamstring  muscles,  with  milking 
on  the  toes,  and  apparent  inability  to  put  down  the  heel,  hoji  lifcn  mis- 
taken   for   incipient   tfilipes,   and    treated   accortlingly.      SimilaTJy,  the 
disinclination  to  walk  h;is  been  attributed  to  paresis  and  lo«  of  p6*€' 
to  do  so.     Conversely,  other  morbid  conditions  are  often  m;     " 
articular  rheumatism.     In  my  exfjorience  the  mistake  is  mo;-'  : 
made  in  infantile  scnrvy.    The  swelling,  immobility,  and  exircm*?  i' 
neas  of  the  lim1>fl,  accompanied  often  by  slight  transient  pyrexia,  ■ ' 
sight  simulate  articular  rheumatism  very  closely.     Scurvy,  however 
usually  bedi.^tingui.'ihed  by  the  periosteal  jiosition  of  the  swelling.  » 
moi'eover,  is  almost  invjuiably  limited  to  the  shaftii  of  the  long  '• ' 
In  one  of  my  own  cases  there  w;is  periostea]  swelling  over  th«  ' 
bone  :  and  in  another  a  swelling  of  the  j^eriosteum  uf  the  lower  | 
the  tibia  appeared  to  extend  to  the  jriint  structurea.     Such  case* 
ever,  are  rare  exceptions.     Other  diagnostic  points  are  the  exist*' 
spongj'   gums,    Bitbcntaneous    and    other    hi^'morrhagfs,    hs'matiit 
albumiinnia;  .ilthough  these  are  not  always  present.     Moreover,  int 
scurvy  is  limited  to  the  bottle-feeding  pericxi  of  infancy,   thni  i?. 
first  eighteen  months  or  two  years  of  life,  when  articular  rhr 
almost  unknown. 

Infantile  palsy  (iicute  anterior  polio-myelitia)  in  its  early  -■ 
there  is  often  considerable  hypera^sthesia,  is  another  atTection 
confounded  with  acute  rlieumatism.     The  chief  points  of  distinction  ***** 
that  in  infantile  paralysis  there  is  extreme  (laccidity  of  muscle;  t^^ 
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\  limb*  arc  limp  and  ^all  loosely  down  with  drooping  of  the  toes, 

ibe  tenderness  is  found  to  be  difTuscd  and  general,  not  confined  to 

^d  tendons.      Later  the  <lisnppearance  of  faradic  contractility  and 

I4%tlcx  is  decisive.     Another  condition  lijdde  !o  l>e  mistaken  for 

Tfatfumutic  arthritis  is  sj-philitic  disease  of  the  ends  of  the  long 

In    this   tljere   is   tenderness  and   swellin;^   from   jtccompunying 

ttis,  and  there  may  even  be  some  articular  inHammation,  with  ])ain 

retnent.     It  is  to  be  distinguished  from  true  rheumatic  afTection 

;  presence  of  other  dgns  of  congenital  Ryphilis,  or  by  the  liistory  ; 

to  most  distinctive  feature  is  the  age  at  which  it  occurs,  namely,  in 

ft  few  months  iifter  birth,  when  rheumatism  is  practically  nnkiKiwn. 

\  never   met   with    it   case  of  acnte    rhenmatism  in   eaily   infancy, 

^  rare  instances  have  boon   recorded   by   Senator,  Henoch,  and 

Possibly  these  may  have  been  examples  of  syphilitic  afteclion, 

iinfautile  scurvy,  a  disease  at  that  time  hardly  recognised.     The 

ig  of  the  wrists  in  tetany,  the  arthritic  bnemorrhages  of  hiemopbilia, 

nt  trouble  of  tuberculous  disease,  the  arthritis  of  pviifnii:!,  and  acute 

pyelitis,  are  also  conditions  met  \s\\X\  in  children  which  arc  liable  to 

taken  for  rheumatic  arthritis. 

e  inf!aramation  of   the  Joint -structures  in  children  being  slight, 

i  symptoms   et^>ecially  HSMOciat'ef:!   ^Hth  it  are  slight  also.      The 

)  acid  perspirations,  so  marked  in  the  acute  rheumatism  of  grown 

B,  are  not  common  in  children.     Pyrexia,  again,  is  rarely  high,  and 

the  more  remarkable  as  in  ihildivn  the  temj>fraturc  tends  to  riae 

lit  causes.      In  rheumatism,  so  eminently  p>Tcxial  a  disease  as 

adults   are  concerned,   the   tempeniture   in   the  case  of   children 

rise«  alwve  lOT  or  102"  F.;  degrees  of  103°,  10-1   arc  compara- 

ncommon,  and  usually  of  short  duration. 

rpyrcxia,  which  occurs  now  and  again  in  the  acute  rheumatism 
Is  ujid  is  so  gnive  and  often  uncontrollable,  is  at  least  extremely 
childhood.  I  have  never  seen  an  instance  of  excessive  or  futid 
rexia  in  a  child,  nor  any  case  in  which  the  temperature  has 
B  persistent  tendency  to  run  u[i  ra}>idly  iieyond  control  to  a  fatal 
Tlic  earliest  age  I  can  find  recorded  at  which  fatal  hyperpyrexia 
is  thirteen. 

>i<m\iimX  Ftiiiu<. — Pains  in  the  aUlomeu  have  been  noted  in  con- 
I  with  acute  rheumatism  by  Ihn.  Still,  Poynton,  and  others,  and 
fecently  by  Dr.  V.  Pearson,  who  describos  thcni  jls  short,  sharp, 
smal — rndiflting  from  the  costal  cartilages  on  either  si<le  towards 
ibilicus  or  the  epigastrium — they  last  for  a  few  minutes  only,  but 
Krrtm  time  to  time,  and  appear  to  be  brought  on  usually  by 
par  exertion  or  by  excitement.  They  havo  not  bi*en  observed  to 
ciate<]  with  stomiudi  or  bowel  disorder  or  with  any  particular 
r  degn^e  of  the  various  oth*'r  manifestations  of  acute  rheumatism, 
p^^rtance  depends  ui»on  their  v.ilue  as  possible  imlicntions  of  the 
ce    of    more   detinite   and    serious    symptoms   of    a    rheiunatic 
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Aneemla. — Tho  otfect  of  aoiit^  rbGumaiiam  in  producing  arurma  li 
well  ktiowfi,  iuul  in  children  this  is  even  more  noticeal»le  ihan  ifi  adulu 
Wbon  i:hu  rhuiiniatic  Htate  i»  at'tivt*ly  mantfeslLil  in  children  anKioii 
procoutls  apitco,  and  hiimic  cardiac  murmurs  arc  frequent.  With  tkr 
single  exception  of  that  of  diphtheriH  tliero  i»  no  organic  p<»«OD  vkid 
causes  such  mpid  ))Ianching  iis  that  of  rheuimitism. 

Cardiac  Inflammations.  —  In  children,  na  Sturgcs  pointed  oui; 
more  than  in  fulniu,  the  litait  is  apt  to  ;«utfcr  in  all  iU  8tnjclur«>il 
the  same  llmo  ;  endocardilifl,  [Kiricarditia,  and  mj'OcarditLs  atd  liablf  k 
occur  together,  and  the  carditis  to  bo  goiicnd.  This,  however,  cfcirfr 
arises  toivartls  tho  close  of  fatal  civses,  when  rheumatic  Httacks  rec 
endocarrlitis  has  already  pven  rise  to  valvular  lesions.  Then  pt;ri< 
UGCom[mm'ed  by  myocanlitis.  is  usually  added  t^  the  original  undfi-n!  s 
iiiHammuLion.      As  a  rule,  however,  endociirdttis  occurs  Hrsl  and  q\k''..': 

EnihytuirUitiH  occurs  acutei)'  in  the  ct)iii-s»>  of  articular  rheuniiiu  m  ' 
children  as  it  does  in  adults.     More  often,  however,  it  come*  »m  in    " 
acute,  insidious,  pro^essive  fonn,  which  is  ohanictt'rislic  of  the  iliMox  ^^ 
childhood,  when  the  »u*thriti3  may  be  alight,  or  at  the   time  even 
ai)pr«ciable.      Endocarditis   may    indeed    appear   at   any    stag)*  rrf 
rhonmatic  procession  of  events,  early  or  lute,  entirely  idone  or  intOD 
binalion  with  arthritis  or  chorea,  or  nodules,  or  pericarditis,  or 
or  all   of  these   c<)nibinod.       Usually  it  comes  early  in   the 
recurs,  wherein  it  stands  in  contmst   with  j)ericarditifi,  which  ix  Jif* 
appear  towards  tho  close.     Most  often  it  arises  in  connexion  NvitK  ilij 
arthntis  or  with  chorea ;  And«  not  seldom,  valmlar  lesion,  due  ui 
cedent  endocjirtlitis,  is  discovered  alreJidy  cjitfiblished  whcji  the  first  jp 
affections  or  chorea  attract  attention   and   lea^l    to  exiiminution  of 
comiition  of  the  heart. 

As  might  be  exiH>ct«<l  fixtm  tho  law  that  in  children  endoonlit^ 
arises  in  connexion  with  slight  manifestations  of  the  other  forms  of 
rheumatism,  or  even  apart  from  them,  inHammutinn  of  the  cn< 
valve-siructures  ts  nearly  twice  as  common  in  the  case  of  children 
that  of  adults. 

It  has  been  stated  that  endocarditis  ia  liable  to  come  on  insidic 
without  itH  exist«.*neo  l»eing  known  or  suspected  until  some  other 
malic  manifestation  loads  to  examination  of  tho  hoart«  and  to 
covery  that  valvular  mischief  ia  already  established.  Even  when  it 
in  the  course  of  an  attack  of  articular  rheumatism,  and  is  discovi 
the  onUset,  the  signs  of  it  are  vague,  slight,  and  slowl}'  develofied : 
quickening  of  tho  pulse,  with  an  excited,  uneven,  irregular  1 
heart,  and  changes  in  the  cardiac  sounds  affoni  the  earlier: 
The  most  cctmmon  of  the  latter  is  the  soft,  blowing,  systolic  nmmiur 
the  apex  with  accentuation  of  the  pulmonary  second  sottnd,  wl 
indicates  a  commencing  mitral  lejiknge,  due  to  the  thickening 
ri^iditj*  of  tho  flaps  and  cbordie  which  lead  to  imperfect  closure  of  j 
valve. 

Another  early  sign  is  reduplication  of  tlie  second  sonnd.  not  al 
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A  the  apex ;  it  is  probably  due  to  a  reunled  0[>t'uing  ut  the 
e  resulting  from  rigidity  caused  by  inflammatory  thickening. 
there  are  sometiraea^not  usually  at  the  outset  but  aft<;r  a  dmo 
blowing,  diastolic  nmrniiir  after  the  later  of  the  two  second 
d  an  accentuation  of  ihc  first  sound,  signs  of  changes  whicb 
lead  to  stenosis  and,  long  afterwanle,  to  the  development  of  a- 
stotic  rumble.  Although,  \\&  a  nde,  endocarditis  in  rhildi-en 
t  progresses  insidiously  and  slowly,  giving  little  outwai*d  sign 
itence,  and  often  recurring  frequently  in  subacute  forai,  occa- 
-  proceeds  with  great  nii)idity.  In  such  cases  ihero  is  more 
constitutional  disturKincc,  and  the  valvular  inflammation  pro- 
ickly  ;  so  that  a  niunnur  wliich  lx?gan  as  a  soft,  gentle,  blowing 
very  existence  of  which  ap[>L'arcd  doubtful  when  Hrst  detected, 
"ding  to  my  olxservation)  increase  to  a  loiul  musical  bruit  in  the 
a  single  week.  The  concurrent  eniption  of  8ul>cutaneo!i* 
I  always  a  grave  sign  indicative  of  serious  and  geneiiilly 
or  recurrent  valvulitis,  often  accompinied  >»y  pericarditis  also, 
euducirtlilis  in  children,  as  in  adults,  may  attjick  either  the 
tiCj  or  tricufipi*!  valves  ;  yet  tin-  first  is  by  far  the  most  etmimon 
mitral  rcgurgitatioi»  the  most  usual  lesion  ;  nevertheless  mitral 
more  common  than  is  generally  believed.  Mitral  stenosis, 
the  special  product  of  the  miluicute.  alow,  recurTcnt  course 
lo  characteristic  of  endocaivlitia  in  childhood,  and  it  is  in  the 
ilcHnKxl  that  the  mischief  usually  begins.  The  reduplication  of 
I  souikI  at  the  apex,  or  tlie  slight  accentiuition  of  the  lir^t, 
the  early  signs  of  it,  escape  notice.  These  changes  are  the 
the  stiffening  of  the  valve-fiapa  from  inflammatory  thickening, 
juces  virtuid  stenosis  :  although  there  may  be  no  fixed  cou- 
\  the  orifice.  Tlie  loud,  vibrating,  prolonged,  presystolic  bruit 
ng  first  sound  are  not  common  in  childhood  ;  they  do  not 
pear  until  nonie  ye;iis  later,  when  the  diseitse  is  advanced,  and 
orifice  has  become  permanently  naiTowed.  Hence  the  rarity 
unced  presystolic  murmur  in  early  childhood,  and  its  discovery 
startling  fre<|uency  about  the  age  of  puberty.  Thus  also,  no 
►so  the  error  of  regarding  mitral  stenosis  as  usually  non- 
in  origin. 

t  emdccardiiis  is  the  most  rare  sequel  to  the  rheumatism  of 
ince  it  is  most  often  met  with  in  subjects  bi-oken  down  by 
disease.  Two  cases  only  ha\'e  come  under  my  own  observa- 
ti  a  girl  of  eight  years  old  and  the  second  in  a  boy  of  ten. 
ances  have,  however,  been  noted,  notably  one  in  a  girl  aged 
,  recorded  by  I>r,  Foynton  (51). 

rii/w  may  arise  at  any  step  in  the  rheumatic  series ,  first  or 
t,  or  combined  with  any  one  or  more  of  the  other  manifesta- 
as  endocarditis,  arthritis,  the  evolution  of  notltdes,  or  chorea. 
1,  however,  it  comes  late,  in  association  T^Tlh  recurrent  endo- 
hen  the  heart  is  already  h^-pertrophied  and  dilated.     So  that, 
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fts  Stitrges  ]H)iriU>il  out,  it  is  almost  alwru^rs  fouud  pOAt-mortem  \sx  tbe, 
fatal   heart  tliBcust'  of  children.      As  \\\  the  case   of  cndocarditu, 
ciirditis  ill  childrtn  is  usually  s\il>a<!ute,  chronic,  rocuirent.     It  ni*r 
acutvly,  luJ  in  the  rheumatism  of  a*lult«,  with  rapid  exudation  atnifffu 
of  fluid,  piiiicardial  distoiiHion  and  ilistress,  but  this  coui^se  is  tixovpli 
^as  a  nde  it  ptticceds  insidiously,  with  slight  sympt^ims,  aUhougb 
are  more  diBtinut  and  rucogrueable  tbau  those  of  valvular  intlammattOB., 

TIio  first  approcijiltlo  physical  si;*n  of  subacute  peiicarditii  is 
a  filight  pericardial  rub,  which  may  be  eoiistant,  or  intermittent,  on 
ceiise  altogether.     The  rhiM  is  seen  to  be  restless  iuid  uncomior 
and,  if  old  enough,  complains  of  pjiin  in  the  prieoordial  region,  wbidi 
generally  a  little  tender  on  firm  pressure.     The  puUo  quickens  lo  120 
130,  out  of  proiK>rtion   to  the  temperature,  which  is  usually  Vmt  ^ijffall 
raised,  say  to  99'  or  100'  or  10 T  F.     This  quickened  puUe-mt45,  wit 
a<lcquate  lise  of  temperature,  is  very  chanicterisLic  of  Ihe  suliacnt* 
cjirditis  of  early  life.     Antemia  inoreaaes  in  a  marke<l  degrrc.  cb«RiJ 
present  becomes  .iggravated,  or  curious  emotional  attacks  comt*  oo, 
which    the    child    is   moved    to   tears   or   laughter   by  a   word.    Wi 
these  signs  a  mitral  murmur  ]>erhap8  appe-ars,  or  an  existing  muniK 
^^ws    louder  and    rougher ;    subcutanooiis  no<lulus  also  ofl«u  arife 
the  elbows  and  knees,  or  on  the  ankles  or  occiput;  the»e  arf  jJ*«J» 
su^'eslive  of  a  f.'nive  implication  of  the  fibrouH  structures  of  the  harti 
The  |>ericar<lial   rub,  if  it  has  ceaacd,  reappears  after  an  interval:  i* 
extent  of  cardiac  dulness  may  shew  the  variitione  due  to  a  thictaut 
amount  of  effusion;  the  effusion,  however,  is  never  hirge^  and  ustiilUi 
<mick!y  rwd>sorbed. 

Fiirthor^ — the  most  significant  indication  of  uU — although  the  pfcy* 
signs  of  friction  and  effusion  sulfide,  duo  proliably  t»j  the  formatwnj 
pericardial  adhesions,  the  rapid  action  of  the  heart,  in  spite  of  digit 
1>e1ladonna,  orgoi,  or  strophanthus,  continuos  unchanged.  The  am 
cardiac  dulness  incre<i»e8,  and  there  is  mufflini;  of  the  souniU  ot«' 
mid-cardiac  region — probably  not  due  to  effusion,  but  to  tJie  iiicr«tf» 
size  of  the  heart  and  thickening  of  the  ])ericanlium.  Knfee1'lFai4^ 
aniemia,  emaciation  proceed  apace :  the  pulse  gn)W8  weaker :  aii(l^| 
after  weeks  or  months  the  |>atient  sinks  from  bwu-t-failure  andexhaiwtH^ 
without  dropsy  or  marked  dyspmea:  or  the  symptoms  may  snhndl 
recur  at  intervals,  and  the  course  of  the  disease  may  thus  extend 
years  instc-id  of  months. 

Occasionally  ondocarditie  and  pericarditis,  together  with  my( 
nin   an   acute  course,  dJIirium   supervenes,  res])inM^jry  distress 
great;  vomiting,  wliich  is  often  olistinate  and  ]^H.>rdigt4>nt,  ttot  iiifreqi 
sets  in,  and  prostration  becomes  extren»e,    Such  symptomB  always  iiwlks^ 
A  condition  of  great  danger.     These  cases  as  a  rule  arise  when  pel 
occurs   late,  when    the   heart   is   already  seriously  tLunagcd    by 
attacks  of  endo-  or  pericarditis,  and  the  Sfcondary  <-hange«  of  diUl 
and    hypertrophy,    and    fH.M-hapi>    adh(a*Giit   pericardium*   hiive    aliyi^ 
advancefl  to  a  marked  extent. 
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jJ^fpeardial  Fibtaah, — The  i-esiilte  of  the  chronic  recurrent  periuai-diti* 
HkUiood  aro  serious  enough.  In  nmny  instaneo^  the  pericardium 
Bnes  greatly  thickened,  and  its  two  surfftces  so  closely  adherent  that« 
len  rxaniituvl  post-niortijm,  all  sign  of  the  spEu^o  Wlweeii  them  is  found 
hate  dtjappeared,  and  the  heart  ia  enclosed  in  a  tightly  fitting  sju-  of 
iroiw  ti&snt'j  riometimes  us  much  as  nu  eighth  of  an  inch  in  thitknesa. 
b(  chronic  inflammatory  procesus  spreails  now  and  agidn  from  the 
mcardial  sac  to  the  tissues  of  the  ploum  and  ailjauent  nicdiastiriun],  tto 
m  these  become  matted  together  in  a  thick  fibrous  mass — an  induriitivc 
icdiaslino-periearditis.  This  is  indicated  dinicfilly  by  ascending  dnlneBs 
luiig  the  middle  and  upper  sternum,  and  increased  respiratory  and  audiac 

MJii  certain  c;isea  iibrous  growths  cause  pressiu"e  upon  the  great 
the  base  of  the  hejirl ;  such  pres^nre  is  most  opcnitive  ufwn 
W  reins,  lc<iding  to  beiwitic  engorgement,  cirrhosis  wth  ascites,  imperfect 
tting  of  the  pulmonary  arteries,  cyanosis,  dyspna'a,  and  general 
npty.  These  cases  of  media£tino-j>encardial  Hbroaifi  are  rare;  hut 
Feral  have  come  under  my  own  observation,  and  others  have  been 
conlwl. 

Ajiuther  occasional  result  of  this  chronic  fibrous  ptiricarditis  of  child- 
lod  ifi  worthy  of  notice.  The  tight,  strangling  grip  of  the  inelastic 
Toufi  sac  not  only  intei-feres  with  the  contraction  and  dilatation  of  the 
rdiiic  chamlwrB,  an<l  thus  causes  grave  embarnisfiraent  of  the  heart's 
Bchiuiism,  but  it  interferes  alst^  with  the  progressive  development  of 
e  organ  in  chihlhood,  so  that  it  fails  to  grow  in  proportion  to  the  re«t 

the  body,  and  general  dropsy  eventimlly  follows  as  the  result  of  im- 
'rfect  cardiac  power.  Cases  of  the  kind  aro  recorded  by  AVatson  and 
^nillaud,  and  several  hiive  come  under  my  own  observation. 

Upocmthtu. — With  peiicanlitia,  and  probably  to  some  extent  with 
^ocarditis,  there  is  always  some  degree  of  inflammation  of  the  muscle 
ing  beneath  ;  or  rather  perhaps  of  the  intermuscular  connective  tissue, 
tending  to  the  muscle- libres  tlu-mselves.  These  are  found  after  death 
be  sivollun,  blurred  in  outline,  ^vith  numerous  nuclei,  and  proliferation 
the  interstitial  fibrous  tiasue.  In  some  cases  in  wliich  myocardial 
Alcness  has  been  disproportionate  to  the  valvular  lesions,  extensive 
•y  changes  have  been  found  in  the  muscle  fibres,  pointing  to  a 
fuUarly  tnxic  eflect  of  the  rboimiutiRm  upon  rhe  myocardium. 

In  old-standing  erases  of  cluonic  iiericaniitis,  with  adlierent  pericanlium, 
r©  is  marked  increase  of  interstitiiil  fibrosis,  and  the  stria?  of  the  muacle- 
"es  become  indistinct  or  aie  altogether  lost.  These  changes  of  inter- 
4al  fibi-o«i&  and  degeneration  of  muscle-fibre  account  in  part  for  the 
"dine  failure  which  is  so  conspicuous  in  the  last  stage  of  heart  disease 
children. 

UyjteHropht/  and  Dilatnikm. — All  that  need  be  said  alxiut  these 
JOndary  changes  is  that,  other  things  being  equal,  these  changes  proceed 
»re  rapidly  in  the  case  of  children  than  in  adults.  In  acconlance  with 
*  general  law  that  in  early  life  the  tissues  respond  more  quickly  and 
<lily  to  stimidution,  and  grow  more  vigorously  than  after  maturity, 
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Krophy  develops  factor,  and  (Hlatation  is  more  rapid ;  probably 
;  the  tissues  are  softer  ;in<l  more  yielding. 
>psy  and  other  Complications. — The  roady  development  of  hyper- 
raphy.  ID  reeponae  to  increased  strain,  renders  eoiiipensation  exceptionally 
at  first,  and  prolwibly  aecoinits  for  another  speeial  feature  of  the; 
'  bcjirt  affections  of  ehildreii,  namely,  that  the  common  compliciv- 
OOB  oi  disease  of  the  heart  in  adults,  such  aa  pulmonary  apoplexy, 
tlargemcnt  of  the  liver  and  extreme  dropsy,  are  rare  in  the  yoimger 
ildreu.  U  is  an  unusual  thirty  to  see  a  little  child  Uue,  turgid,  and  water- 
gged — a  sight  so  gadly  frerpient  in  the  last  stage  of  vahiilar  disease  in 
lulls.  In  addition  to  effectiveness  of  compensation,  however,  there  is 
iftlhcr  rc4ison  for  this  imnninity  ;  children  with  se\cre  heart  disease 
iiudly  die  from  other  causes  Ix-fore  the  stage  of  grave  tricuspid  leakage 
Htache<l — from  anaemia,  wasting,  asthenia,  rather  than  from  direct 
Hoction  to  the  mechanism  of  the  ciiculatioTi ;  unless  it  be  in  the  cjise 
Bb  strangling  grip  of  |K*ricatilul  fibrosis  and  adhesion. 

subcutaneous  tendinous  Nodules. — Another  exceptional  and  special 
*ttir<'  nf  rti^utf'  rhetitnatism  in  chililvon  is  the  development  of  subcnUuieous 
jcliihr  growths  of  fibrous  tissme.  Not  uncommon  in  early  life,  they  are 
jmjKinitively  rai'e  ])benomena  in  the  case  of  aHults.  They  may  appear 
\  connexion  with  any  of  the  other  phases  nf  rheumatism,  but  are 
lortly  jissociiited  with  endocarditis  and  pericanlitis,  and  in  this  relation 
reof  wrious  import.  They  appe^ir  To  have  been  fii-st  noted  by  Hillier, 
ad  rabaeqiicntly  by  Meynet  and  otbcrs  ;  but  their  comparative  frequency 
ad  clinical  signilicanee  were  first  [Xiinted  out  by  Sir  Thomas  Barlow 
*d  Dr.  Warner.  The  nodules  lie  under  the  skin  in  connexion  with  fascia 
'tendons,  that  is,  in  relation  with  tihrous  tisi^ue ;  and  similar  nodular 
■oliferalions  have  been  found  in  the  periosteum,  and  even  in  the  pcri- 
nlium.  Theyvaryin  size  from  that  of  a  hemp-seed  to  that  of  an  almond, 
are  even  larger;  when  small  they  may  not  Iwcome  visible  until  the 
in  is  drawn  tightly  over  them,  although  easily  detected  by  the  touch. 
>©y  nre  not  tender  except  slightly  so  in  rare  instances;  nor  is  there 
Iness  of  skin  over  them  ludcss  it  aiiso  cjisiudly  fi-om  fiietion  or  pre-ssxn-e. 
ere  may  1)e  hut  one  of  these  nodules ;  but  tlirco  or  four  are  usually 
ind :  sometimes,  indeed,  the  number  is  large,  as  many  as  twenty  or 
riv.  In  one  extreme  instance  of  an  intense  rheumatic  state  within 
^    observation,  it  was  calculated   that   '300  were  present  at  one  time. 

re  fibrous  nodules  grow  to  a  perceptible  size  in  the  coui-so  of  a  few 
;  but,  when  large,  they  take  a  considerable  time  to  ntt^un  to  their 
'  dimensions.  Their  dunition  viuies  from  a  few  days  to  several 
iths  —  the  minimum  |ieriod  recorded  Itoing  three  days,  and  the 
'^imum  five  months.  When  examined  micniscopically  in  the  early 
?e  they  are  found  lo  be  due  to  a  local  exudation  from  the  minute 
t>d-vcasela,  with  swelling  ami  t^veii  necrosis  of  the  tisane  in  the  centre 
•bis  change.  Drs.  Poynton  and  Piiine  have  dommistrated  the  presence 
■iplococci  in  these  nt^lides  in  this  early  condition  of  formation.  I^ater, 
Y  ore  seen  to  consist  of  nuclear  growth  in  all  stages  of  ti-an.sformation 
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nUntioii  of  aolwiKtothiTlkil  tlljftxu  lia«ue,  siinilu'  Ui  Ui&lor  tbf  subcuUuimiUB  uuJuIp  aliewn  In 

e  darij^er,  a  carditis  which  ia  uncontrollable,  and  advances  almost 
tahly  to  !i  fiiijil  ending. 

eruptions  associated  with  Acute  Rheumatism.  —  Thr  crufiniiiv 
fmn-f  nnd  purpnrn  rfttHuuifirn  are  far  more  frequently  associatefl  witli 
'beumatic  state  in  the  case  of  cliildrori  than  of  udiUt«.  They  may 
ar  At  any  ntage  of  the  rheumatic  aories,  but  generally  arise  in 
roL.  11. — PT.  I  2  U 


connexion  with  active  disturbance  of  other  kinds,  such  us  atthritii; 
imt   infrequently   with  the   endocarditis  and    pericanlittd  of   iht 
Ncnous  cases. 

The  erythemas  occur  eliiefly  in  children,  in  murginjite,  |in]ialv, 
«rticarioU8  forms;  erythema  nodosum  is  less  often  concurruntly  ia«jciili4j 
with  other  phases  of  rheumutism  than  the  rest.  Its  uppearance.  bovera;] 
from  time  to  time  in  immediate  connexion  with  a  rheiUDAtir  otithanij 
seems  to  stamp  it  as  one  of  the  rheumatic  pheimmena,  and  it  t^  ocoeuBfj 
ally  met  with  in  childhood. 

Purpura  rhenmatica  is  an  eruption  or  hsemorrbagic  condition  whic 
ocLsiire  almost  exclusively  in  childhood.  Some  cases  of  rheumatic 
are  clearly  extretno  instances  of  erythema,  iu  which  hemorrhagic  citur 
sations  are  unusuuUy  marked.  Others,  again,  are  jM^hiy  jn*UiKiw  <^| 
simple  ptu'pura  or  of  haimophilia.  in  which  there  ia  oftentimes  icn<tfTaea 
and  swelling  of  adjacent  joints.  There  is,  however,  a  [)uqnim  duKljr 
associated  with  acute  rhoiunatism,  CK-curriug  concurrently  with  geoeni 
arthritis,  or  in  subjects  wh<j  have  autrered  from  articular  rhouuuUflL 
In  the  Utter  oise  it  has  an  arthritis  of  its  owii,  the  joint*  in  proiifliityM) 
the  eruption — especially  the  feet  and  ankles  when  it  ajiiK?ar*  in  tbi  hp^ 
— Iwing  swollen,  tender,  and  |»iinful,  although  there  may  !«  no  Tm4 
tempcriiturc.  lit  a  few  rare  instances  this  condition  i«  acconi{»niad 
hitfmaturia. 

Tonsillitis  is  another  rheumatic  phase  which  is  perhape  souevb^ 
more  common  in  children  than  in  adults  ;  hut  it  shews  no  special  fesum* 
in  early  life. 

Pleurisy,  pneumonia,  bronchitis,  and  other  inHammatory  condi 
mitior  importance  occiu*  occasionally  in  the  course  of  rheumatif>m  tl 
nood  as  in  later  life,  but  they  have  no  distinctive  charrurteTs  at  the  mHT 
period  which  call  for  remark. 

Chorea. — One  of  the  most  interesting  properties  of  acute  rheuiwui<* 
in  childhood,  and  one  almost  entirely  confined  Ut  that  ]feriod  of  lifp, »il 
connexion  with  cliorea.   CJ  cnuinc  chorea,  a]tart  from  mere  gi  imacin^  i  nh 
is  a  disturbance  of  the  second  dentition,  and  not  in  any  way  contwW 
with  rheumatism),  is  wry  closely  ^issociatml  with  the  rheumatic  stale, 
appears  not  only  in  direct  connexion  with  acute  rheunmtism  of  ihejoini 
but  with  eudocan litis  also,  with   puncjudiUs,  with  eri'lheina  multifo 
and  nodosum,  and,  above  all,  with  that  especial  rheumatic  si^n<tliecvi 
tion  of  6ulK'Ut4ineous  mxlules.     Chorea  may  appear  in  relation  to  on- 
more  of  the.<ie ;  and  when  it  occurs  alone,  aj^uirt  from  any  other  rhciii 
manifcsUttion!^  at  the  moment,  is  oft«n  followed  at  an  irit^;nr«,l  bvartlinl 
or  by  other  rheumatic  manifestations.     It  is  especijdly  liable  to  (tail 
even  when  alone,  in  members  of  families  in  which  rhL'umatism  is  rife: 
individual  m.-iy  have  articular  rheumatism,  another  endocarditis,  at 
chorwi.     The  chain  of  evidence  in   favour  of  the  iheumatic  natim 
chorea  in  the  case  of  children  is  remarkable.     The  identiHcation  'J 
(liplotM>ccus  of  rheumatism   in   cases  of  chorea  recently  by  Pn*.  Poyni 
tt.nd  Paine  seems  to  me  coDcliuave  as  to  the  rhcumittic  relation.    H 


>]e  to  sUto  it  in  detail  here,  but  it  may  be  ailiiTuefl  that  the  pre- 
{dh  is  atrongly  in  favour  of  the  view  that,  in  the  great  mujurity  of 
it  all  events,  chorea  is  of  rheumatic  origin.  We  may  almost 
ily  say  that  the  emluc^irditis  and  pericarditiii  of  chorea  are  invari- 
|eumatic  in  nature  am!  origin,  {ritie  art.  "Ciiorea,"  vol.  vii.) 
ftvlation  to  this  may  he  mentioned  the  curious  UBsociation  of  the 
Ic  groundwork  of  choiea  witli  the  rhcMiniatic  taint.  .Vccordiiig  1*> 
■I  observation,  the  rhetimatic  child  in  a  family  is  the  nei-vouK  child 
ffntiLily;  but  no  distinct  association  with  specific  nervous  family 
i  can  )tc  KJitistnctiM-ily  traced. 

iPlallnal  Rheumatism. — The  articular  affection  which  appears  now 
^iti  in  tlie  course  of  scailatina,  and  which  can  in  no  way  he  dia- 
lled iriHn  that  of  acute  rhcuniatiHUi,  U  naturally  a  furm  met  with 
childhood.  It  is  often  accomgianied  by  endocarditis  or  pericar- 
etimejs  by  chorea ;  and  anlieutaneous  nodules  have  more  than 
n  obsorA'ed  in  iho  coui-sc  of  an  attack. 

scarlatinal  rheumatism  usually  ariAcs  early  ;  it  has  been  observed 

ihinl  day,  hut  occurs  nio»l  fretjuently  a!»oiit   the  end  of  the  first 

And  it  is  noteworthy  that  the  especial  liability  to  acute  aiticular 

itism  which  obtains  in  girls  extends  also  to  the  scarlatinal  form. 

^  456.) 

IBumatold  arthritis  occui-s  occasionally  in  childhood  as  a  sequel 
|e  rheumatism,  sometimes  in  its  most  se%ere  and  intractable  form. 
Cases  arci  however,  rare,  and  present  nu  distinctive  characters. 
vol  iii.) 

Ognosis.  — The  prognosis  of  acute  rheumatism  is  far  more  serious 
of  children  than  in  that  of  julultn.  This  results  chiefly  from 
ter  tendency  to  endocarditis  and  pericarditis,  the  i>i'oclivity  to 
y  be  roughly  stated  to  Ije  inversely  as  the  age  of  the  patient, 
ger  from  this  source  is  no  doubt  aggravated  hy  the  fact  that  in 
nsee  the  first  at*ige.H  of  hexirt  disonler  ;u"e  apt  to  be  overlooked, 
in  some  cases  to  the  slight  character  of  the  articular  affection 
mceompanjes  it,  and  to  its  entire  absence  in  others.  Thus  the 
inflammation  nms  on  unchecked  by  the  palliation  of  rest  and 
iriate  treatment.  A  further  source  of  increased  peril  in  childhood 
Ithe  remarkable  tendency  of  the  diaea.se  at  this  jwriotl  to  recur,  ao 
ke  heart  ia  liable  to  l>ecome  fatJilly  injured  by  repeated  attacks  of 
jrditis  and  pericarditis. 

\  mild  cases,  no  doubt,  the  rapid  gi-owth  of  muscle  favours  rpiick 
taoplete  compensation ;  but  in  severe  cases  the  ready  dilatation  of 
ttng  tissue  more  than  counterbalances  the  rapidity  of  its  remedial 

f 

tettment- — The  affection  of  the  joints,  with  its  accompanying  pain 

iidemess,  being  in  the  case  of  children  almost  invariably  of  small 

Ity,  and  not  the  cause  of  any  great  distress,  th*-  pyrexia  also  l>eing 

It  instances  moderate — all  symptoms,  in  fact,  Imth  articular  and  con- 

pnal,  being  subdued  and  subacute — anything  like  active  tjeatment 


by  full  dosGs  of  salicylate  of  soitu,  so  elTective  in  the  cose  of  ikilulu,  U 
rarely  rt'quired.  Not  infrequently,  indeed,  it  does  grcAt  hxnn  bv  it) 
dtipr(3»sing  effect,  for  cbildren  bear  severe  and  drastic  measura  bullr 
In  place  of  salicylate  of  soda,  salicin  may  be  given  in  doses  of  frou  i 
to  20  grains,  or  quinine  in  doses  of  I  to  3  grains,  every  four  to  six  bom 
With  lliirt  un  ulkali  ^lionld  l>o  combined,  such  as  citnitis  of  Koda  or  ti 
potash,  in  doses  of  5  to  20  grains  according  to  age. 

The  general  evidence  of  statistics  of  the  Collective  lnve*ttg»Uun 
Committee  is  in  favour  ol  tlie  coiiclui^iun  of  the  late  Dr.  Fuller  an'l  of  I^r. 
Dickinson,  that  cardiac  inflammation  is  less  frequent  and  less  pronouuwi 
under  full  allcalino  treutnient  than  under  any  other.  In  the  cisc  rj 
children  this  is  osjtccially  important,  for  the  chief  interest  and  tUiifp 
centres  in  the  c^irdiac  implication  and  itA  lesults,  and  not  upon  tbe  pm 
and  distress  of  articular  troul)IeR.  The  one  great  object  of  inaUmt 
should  l)c  to  diminish  this  danger  as  far  a.s  possible. 

Tbe  first  and  most  important  point  is  tn  guai'd  against  an  insidiowir 
m;isked  atU'ick  of  en<locanlitis  or  pericai'ditis.  It  has  been  shuwa  tlal 
this  may  accompany  the  slightest  articnlar  affection,  or  be  associated  mik 
chorea,  or  an  exudative  erythema,  or  an  eru])tiou  of  stibcutanoouB  notlnlt*; 
or  ag:iin  it  may  anse  apjtrt  from  any  known  rheumatic  pbajse  wiUi  an 
indeterminate  febrile  attack  of  ap|wirent  insignificance.  It  is  CMCTiial 
therefore,  to  examine  the  condition  of  the  heart  carefully,  not  only  la 
every  ciima  where  there  is  the  slightest  articular  or  other  known  rhetnutir 
conflition,  such  us  a  stiff  neck,  or  a  stiff  knee,  \*Tist,  or  ankle,  in  cbcfEt 
in  tonsillitis,  in  an  evolution  of  nodides,  hut  also  in  every  pyrexi*!  cow 
ditiori  of  any  kind  arising  in  a  chibl.  Whenever  there  is  a  - 
rheumatic  inflammation,  it  is  wise  to  enforce  absolute  rest  in  i 
no  cardiac  disturbance  be  perceptible.  Complete  physical  repoH-  mi 
external  warmth  are  of  vit^l  importance.  Sil>son  fotirid  thjtt  a  much  Ur;:(^.' 
prr){>ortion  of  patients  -more  than  two  to  one — -treated  by  rest  esc;i{»i 
[Mjrmanent  heart  mischief  jis  comjwred  with  those  allowe<l  free  aclirfl 

Ciises  of  rheumatism  in  childr-en  are  as  a  rule  treated  far  too  h^^^J- 
A  little  timely  care,  the  avoidance  of  fresh  chill,  and  of  excit*tnrnt  ui 
heart  or  strain  of  its  mtis^'le,  may  make  all  tbe  difference  in  the  >\v^ 
of  c;ir<liac  mischief.  In  every  ca«e  of  ficiite  rheumatism  in  a  chil*l  I  " 
ever  slight  the  joint  affection,  or  pain,  or  pyrexia,  or  signs  of  c;i:- 
inflammation  may  \te,  the  patient  should  Iw  kept  at  ivat  in  bed  ft* 
fortnight  at  least  after  all  pain  and  rise  of  temperature  or 
excita!>ility,  as  evidenced  by  acceleration  or  irrognlarity  of  pnlse 
completely  disappeared.  If  endocjirditis  or  jx^ricarditis  have  boeai  ««" 
the  period  of  rest  should  he  extended  to  a  month  or  more,  and  the  pi^t**^ 
dclMirred  from  all  active  physical  exertion  for  many  months  in  aildilitii 

In  caHea  of  active  pericarditis,  acc^mpanie<l  by  |>ain,  tendeme«8, 
distress,  the  application  of  an  ico-bag,  as  recommended  by  Dr.  Lock 
usually  gi-atefid,  relieves  y>ain.  and  appears  to  exercise  a  fsvountl 
influence  on  the  inflammatory  process.  In  c-'ises  of  extreme  s»*vmtr"l 
or  two  leeches  may  be  appUccl  to  tbe  prsecordia,  but  cu)\ahing  like  pr 
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b  of  hlood  tiy  leeches  rs  injtiriotis.  Children  bear  loss  of  blood 
(ters  are,  I  am  convince*],  iipoless  to  Jillay  the  cardiHi.-  inHmnniHtioii, 
>»gh  valuable  agents  in  relievin^j  ponoardial  serous  effusion  this 
eptional  in  the  case  of  children  that  the  occa.'sion  for  this  a|ip]i- 
Xrure  most  rarely.  In  crises  of  per.sistctit,  recuircnt,  iitlrartiihle 
iitifi  and  {x^ricanlitis,  which  form  such  sail  and  especial  features 
tut«  rhtfumatism  of  children,  digitalis,  sirnphanthus,  btrychnine, 
Di  arc  th»  <liu^8  uf  most  service.  The  latttT  is  liest  given  in  the 
loj^nthe,  and  in  fretpienl  small  doses  of  half  a  drop  to  five  drops, 
5  lo  age.  Moi-e  than  any  other  remeijy  it  relieves  diatre.'4s,  lefiaeiis 
,  an<l  procures  .sleep.  If  given  with  care  anil  disi;rction  no 
effect  need  l>e  antieipatetl.  Alcoholie  stimulants  Iielp  hy  their 
infliienee  iis  well  as  by  increasing  cardiac  jK>wer.  When  the 
Bcd  heart,  by  feeble  beat,  small  irregidur  pnlse,  and  tendency  to 
shews  signs  of  failure,  hypodermie  injections  of  lifjuor  strychnina' 
of  ^  of  a  minim  to  t  niinini  or  more,  according  to  age,  combined 
>  10  drops  of  brandy,  and  given  every  four  to  six  hours,  are  the 
rerful  means  of  sustaining  the  failing  circulation.  Or  |  u  minim 
jms  of  tiiict.  of  digitdlis  may  be  admiiiititercd  in  the  same  way. 
«e  of  children  under  seven  years  of  age,  however,  these  remedies 
>ot  be  administereti  hyjKxJenuically,  exeept  in  eonditions  of 
and   urgent   danger^  and    then    with    the   greatest  caution    and 

W.  It.  Chkaui.k. 
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Paiit  I 


Vaccinia  Nor&ul  and  Abnormal 

Introduction. — Vaccinia  in  man  is  a  communicaUIo  disonler  iiriflT^i  * 
cept  in  very  rare  instances,  front  the  accidontal  or  intentional  iiiocu! 
of  an  individual  with  vuccine  lymph.  The  disease  ia  prob»1>ly  do* 
a  specific  eontagium  {9.\)  (vhie  p.  754).  It  has  dcHnite  iwriiij*  "^  *" 
cubation,  evolution,  and  decline ;  anc!  is  cliHractcrised  \*y  an  efupf*** 
at  the  jxiint  hi  inoculation,  which  eruption  has  certain  weU-^rcogBi** 
featiireti. 

It  is  improbable  that  any  moi-e  pi-eciso  definition  of  vaccinia  wil*  ** 
possible  until  it«  origin  and  aflinitios  are  moru   fully  dot^Tniinod  ^^ 
at   present.      Nor   is   there   anything   snrprising    in    thi»,  since  siio^'* 
gcnemi  definitions  have  to  BUttice  for  all  the  ncut«  cxanlhems — *U^^^^ 
8maU-{xjx  nnd    scarlet   fever — the  recognition  of  which  depend*  r*^'*T 
on  a  given    train   of  symptoms,   than  on  a   i)reci8e   knowle«ige  of  l»* 
causjttion.  .  - 

The  exprosaion  "  vaccinia  in  man  "  ia  taken  to  denote  the  hum  of  *^ 
restdts  pro<bu*ed  by  the  inoculation  of  nncontaminatod  \-accino  lyinpfr' 
generally  practised  throughout  the  United  Kingdom. 

The  rourneof  va<;cinia  may  be  normal  or  abnomuU.      It  tnny  he  o^' 
normid  when  the  events,  subsequenl  to  vjiccinalion,  pursur  a  certnin  defi*** 
anil  recognised  sequence.       The  gradations,  however,  between  uurmal 
abnormid  vaccination  are  insensible,  and  no   harrland-fast   line   can 


dnKii  lietween  them ;  although  between  the  cases  which  occur  at  either 
end  of  the  suilo  there  lire  wido  iind  striking  ijifTcrcnces. 

Nonriiil  vjvccination   rcsnlte   from    the   inoculation   of  a   healthy   in- 

ilui^iiul   with   vaccine   lymph   uncontaminaied  with    extraneous    raicro- 

orgimisnis,  or  other  organised  or  unorganised  i)roducts,  which,  although 

not  infrjfjnently  present,  are  not,  so  far  as  is  known,  in  any  way  essential 

Ut  the  process  of  vaccination  or  to  the    [production  of  immunity   from 

onallpox.     Calf-lymph  treated  with  glycerin  or  chloroform  is  practically 

(roc  from  all  extraneous  organisms,  and  even  if  in  some  few  cases  spores 

e*capc  destruction  by  these  methods,  the  healthy  tissues  of  the  vaccinated 

individual,  in  the  vnst  majority  of  cases,  oflcr  sufficient  resistancB  to 

ohijate  any  ill  results  (44  and  Copeman,   9a,  p.    153  et  seq.).      The 

pov:er  of  resistance,  however,  is  not  the  same  in  all  cases,  and  this  may 

prokbly  explain  why  occasionjiUy  one  or  more  individuals  of  a  series 

inomlsted    with   the  same   lymph,  develop    inflammatory   symptoms — 

aiich  as  cclhditis,  abscess,  or  even  [wssibly  crysiirelaf — whilst  in  others 

<^  the  same  series  vaccination  pursues  a  normal  course. 

It  is  sometimes  urycrl  against  vaccination,  that  it  is  impossible  by 
examination  of  the  lymph  to  determine  with  cerUiinty  what  results  will 
■>•  obtained.     This  objection  has  little  weight,  since  althout^b  no  micro- 
scopical examination  of  lymph  in  bulk  will  reveal  pathogenetic  or  pyo- 
K^netic  organisms,  and  it  is  doubtful   whoihcr  lymph,  collected  in  the 
ordinary  way, does  not  always  contain  blood-corpuscles,  calf-lymjib  collected 
■nfi  prejjHrcMi  by  recent  methods  is  almost  entirely  free  from  tbese  iM^Hnible 
sources  of  danger,*  and,  moreover,  experience  shews  that  lymph  taken  from 
normal  vesicles  in  healthy  individuals  produces  certain  definite  results  in 
heitUhy  and  properly  cared  for  infants,  even  when  the  vaccination  is  per- 
lortned  direct  from  a!*m  to  arm  without  any  previous  treatment  of  the 
ly^^ph-     On  the  other  hand,  no  selection  of  lymph  will  remove  dangoi's 
*hich  arise  from  the  method  of  vaccination,  the  circumstjinces  or  con- 
dition of  the  child,  or  the  iniprojwr  trejilment  of  the  vesicles:  all  which 
t&ctors  are  fouml  to  Ije  far  more  productive  of  untoward  results  than  any 
defect  in  the  (|uality  of  the  lymph  itself. 

Normal  vaccination.— b'nder  favourable  conditions  vaccination  is 
followed  by  local  manifestations  and  general  83'mptoms  which,  within 
*ftftain  limits,  vaiy  according  to  the  strength  of  the  vims  t;sed,  and  the 

Ahliough  mlMymitli  trcit(i*il  witli  (rlycunci  or  chloroform,  and  prt>}inn:il  in  fmiperly 

'Ppointyrt  l)il>oral»>ri»ai  uiirler  Kkille.l  Btij^riiitMt'^piits  li  largely  ii«etl  in  Englftml  &n(l  Wales, 

'""  14  Mijiplkil  t"  all  PilMii-  ViM-ciitators,  it  Is  fiujij^lii-'l  to  tbeiii  im/y.      Private  practitioDcn 

*'*'  o^diaiwl  io<1p]i«iii1  upon  Kiipplivs  nf  lymph  froiii  trmlo  sourre*.      Tl  inalninst  IncTeiilble  that 

■  a»tio(i  wbtch  i«  no  jMirtu:ular  tliat  margarin  slicmW  not  ba  Ia1)e11cl  buttrr,  peniiiUi  any  pre- 

PorwtioTi  'n  !»B  iiiij>ort*!<l  ami  *old  nil  vaiicine  IjTyph  without  requiring  n  RnnraiiU*'  iw  lo  tt» 

*°'''  '■■.  or   natiin*.     It  CAiiiiot  be  uurcoMinuMt:  that  all  uidivhUnilit  viiociiinted  \\\ 

^'.'  ith  the  law  nhoiiid  have  the  right  to  ibe  u»e  oC  lymph  prepared  by  tho  moHt 

*'^'    ■'    IN'.  iii.tiiotU  in  IftlKinUoriw  kept  up  at  the  oxpi'iiw  of  the  iintion,  whether  tlu-y  are 

»**X'inat(.,t  by  a  priv»t«  pmctiUoner  or  by  th*   Puhlit-  Vaccinator.      As  lonp  n.-*  Ih«  preseut 

'■A|«T  at  thinjrs  <f>iittmiet  tlwrc  can  be  Do  certainty  that  vocci notions  i»erf')rim'd  by  other*  than 

"j«l*iihli(;  VaLTinator  at  thu  public  cxpeniw  are  done  with  lymph  which  ts  either  etficicnt  or 

'*'**P*''*«l   with  all  thi;  MirejruMnU  which  are  universally  ndniitteil  to  be  neceasary  (cf.  9a. 

PP-    ISfi  mod  180.  and  K.C.V'.  Ap|i.  ix.  Section  448). 
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|>ecuLiaritie3  and  circumstances  of  the  individual.     The  local  maniioAd 
tions  arc  so  well  known  as  to  need  but  tbe  briefest  mention. 

Vrrimi  of  /ihiilntiton. — In  most  ca^efl  the  immediate  effect  <jl  ib« 
operation  is  nothing  more  than  that  whicli  results  from  a  scnkk; 
lint  in  Homo  children  of  unusual  susceptibility,  thuro  is  immeiliAU  rrv 
dence  of  Aome  slight  traumfttic  reaction,  such  as  awclting  and  rediiM 
of  the  part,  which  in  the  course  of  a  few  hours  entirely  subsidw  miUl 
the  end  ol'  the  incuhation-period.  Tliis  dtage  lasts  as  a  rule  for  nly)^ 
three  days. 

rtriod  of  JCraptioH. — On  the  3ixl  or  4th  day,  pale  red  papules  <ieveki{i 
at  the  poiriU  of  inoculation,  which,  in  the  course  of  the  next  five  d«vs 
develop  into  compound  vesicles  with  clear  contents,  and  later,  about  clw 
10th  day,  into  puintnles;  the  lymph  heconiing  more  and  more  ofuiae 
owing  to  the  multiplication  of  ilie  cellular  elements  which   it  (*'! 
The  vesicles  are  at  lin'^t  fully  distcndeii  and   plump;  as  they  .i)i^ 
maturity  they  become  umbilicated,  the  centre  l)e>iin8  to  dry.  and  a  fcCi*^ 
is  forme<l  which  increases  towaivls  the  peripher}',  and  eventiwlly  covcf 
the  whole  pock.     Between  the   14th  and   liOth  days  the  scab  falU  <^"' 
leaving  a  scar  which,  dusky  red  at  Hret,  gradually,  after  aome  moQtb^ 
becomes  white  am]  pitted  (foveated).     The  nmount  of  pitting  as  m  r»"* 
varies  inversely  iis  the  amount  of  inflammation  at  or  round  the  sen* 
inoculation  (for  abnormal  conditions  of  tbe  scar,  see  p.  GTI). 

About  the  5th  day,  when  the  vesicles  arc  beginning  to  fonzft*  ' 
faint  blush  appears  round  tbem.  Tliis  "  areola  "  becomes  more  int^''** 
about  the  Oth  or  lOth  day,  gradually  Bul»8iding  with  the  drying  U|-'»  ^ 
the   pocks,    which   begins   about   the    1 1th    day.       The   areola   cxtt?-'^"* 


from  J  inch  to  2  inches  round  the  pocks,  the  tissues  becoming  indun» 


t4!-l 


»» 


and   painful  in  proportion  to  the  severity  of   the  inflammation.      *J**^ 
areohi,  fnrmcrly  supposed  to  be  an  important  pjirt  of  vaccination,  va*^^ 
grwitly  in  intensity,  and  probably  is  largely  dejwndont  on  the  kinJ      *T 
lymph  used  and  llie  methfKl  of  pi-eserving  it     With  glyceriiuitcd  <=**  - 
lymph  it  tends  to  be  very  slight.     (The  alleged  relations  of  the  an^^^ 
to  erj'sipelas  will  be  found  disciisaod  on  p.  61'U.) 

With  the  retrogression  of  the  ]iock  and  the  subfiidence  of  the  ar*^*-^ 
the  local  phenomena  of  a  nonnal  vaccination  arc  -At  an  end. 

Variations    In   the   development   of    the   vesicles. — Although 
ordinary  circumstances  the  development  of  the  vaccine  jKxks  prt 
in  the  manner  sketched  above,  there  are  frequent  departiu-es  from  U 
nornial   course,  roost  of  which  are   of  little   or   no  importance ;  mi^^^ ' 
depend   on  the  condition  of  the  vaccince  and   his  circumstance's  *or:^^— 
on  causes  f|uite  indepen<lent  of  vaccination  and  easily  preventable.     ?^^^* 
useful  purpose  would  be  senwl  hy  ginng  dcuils  of  all  the  ^ariatio^^^ 
from  a  definitely  regidar  ilevelopmcnt  of  the  v^icles ;  hut  the  foUowir 
table  indicates  the  kind  of  irregularities  which  are  met  with  from  tii 
to  time : — 


Ji 
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shewing  variations  in  th«  development  of  vaccine  pocks, 
iu  uumber 


ions  in  BixP 


loM  iu  oontcDtH 


in  cvoluliou 


tin  inTolution 


Jons  in  h««ling  aitd  fonnatiuri 


Su]*eriiuiiierarv  po(.-k^. 

ConHnent  poiifcs  rotiixi  ]x>iiiLs  of  iiiiiruU- 

Liuii. 
Goiieraliaod  vaa'inin. 
Due  to  L'CKi1eMTD»>  or  vaocination-veBiolefl. 
Due  to  extension  ol"  original  vetiiclf'B  by 

coalpsoenw    of   surrouiuliut;  secoudary 

pocks. 
Serous. 
Purulcut. 
Hii'Tiuirrliagie. 
Acreleratioii. 
HfturrlAtion. 

AImjUiiiu. 

Kerrmlesrence- 

PorHis-teuLT. 

InllAminatioD. 

Sup|>uriition. 

Ulceration. 

Gftngrene. 

Di>lfiyo<i  heJiling. 

luduraliuu. 

Clioloid. 


•iatitm$  in  Ninnhtr. — This  siilyect,  wfiich  is  neceKKarily  of  some 
ill  \}c  more  conveniently  considcrefl  under  the  heading  of 
»d  Vaccinia  (tj.r.  p.  679). 

ri/i/v}us  in  Si:r. — Two,  thitje,  or  foiu'  of  ihe  compoiiiid  vesiclea 
from  ordinary  vaccination,  may  coalesce  to  form  one  Iar*;e 
size  of  which  may  be  almost  indefinitely  increased  by  the 
snt  of  supernumerary  pocks  in  the  immediate  neighbourhood 
imary  vesicles;  an  example  has  been  recorded  by  myself  (I) 
15,  p.  679)  in  which  the  sore  on  the  arm  thus  produced  meiusured 
by  4-^  inches.  The&e  cases  as  :i  rule  are  not  serious  :  with 
s  and  protection  of  the  arm  from  injurv,  the  sores  heal  well 

••utihns  tn  t't/tiifnf.-i. — Under  certiiin  conditions,  the  most  iin- 
;  which  are  a  cachectic  state  of  the  vaccinated  child,  the  use  of 
ited  lymph,  or  the  improper  treatment  of  the  vesicles  {riiir 
LTlceration,  p.  7*2o),  tlie  contents  of  the  pocks,  instead  of  1>eing 
bright  at  the  end   of   the    first   week,  may   l»e   watery   and 

rpus   may   have    formed    early,   or   the   contents    of    the 
be  ha'morrhagic  :  any  one  of  these  conditions  may  be  of 
tortance. 

riaiions  in  EvtUtfum. — (i.)  The  development  of  the  jKicks  may  hte 
d  by  the  season  of  the  year — it  is  more  rapid  in  waim  weather 
tid — it  is  influenced  by  the  idiosyncrasy  of  the  individual,  and 
ic  amount  and  activity  of  thi*  lynijih  used.  Their  development 
icclemted  by  the  degree  of  immunity  which  has  been  attained 
>U8  vaccinations.  Thus  Cor}'  (9c)  found  by  vaccinating  in 
}  insertion  being  made  on  each  of  eleven  successive  days,  that 


all  the  successful  inaertions  cnme  to  maturity  on  the  ninth  (Uy. 
inswrtioiis    iimdo    siihscquotit    to    this  date    were    inoffcctUAl.      He 
fomid  ('Jd)  that  in  cases  in  which  vaccination  was  [wrfonned  un 
iiumerary   fingers   which   were   removed    on   the    tifth   day,    ractiiiatii 
performed  in  the  usual   Avny  a  month  later  hurried   through  in  cy 
as    happens   in    the    re  vaccination    of    indinduals    in    whom   immu 
hna  not  Iwen  completely  secured. 

(ii.)   Ketardution  of  the   pocks  may  ho  brought  about  by  the 
verse  of  such  conditions,  tlic  evolution  of  vesicles  l>ein^  delayed  for 
fifteen,  or  poasihly  even   thirty  days  (37) ;  and    in  some  cases  vi 
which  seemed  to  have  aborted  entirely  were  excited  to  aciivitT  \jj\ 
revaccinution  a  week  or  more  after  the  first  insertions. 

(iii.)  The   recrndeacence  of  a  pock  and   its  breaking  down  after 
interval  of  some  weeks  has  been  noted  in  cases  of  invacciiut^J  sYjiliS 
(p.  71JS),  and  should   at  any  rate  excite  suspicion  as  to  tbe  puriiT 
the   lymph.       No  allusion   is   here  made  to    those   c:ises  of  nicer 
of  pocks  which  not  infrequently  result  from  some  mecbaoical  iajG 
to  the  scabs. 

(iv.)  The    non-developiuent   or   abortion   of   pocks  at    tho   pobtU 
vaccination  probably  depends  largely  on  the  tjualily  of  the  lymph 
the  exporienoe  of   the   vaccinator.      The   "insertion-success"  of  aWlBi 
vaccin.itors  is  very  large,  amounting  to  97-98  per  cenU 

Morrow  (42a).  under  the  heading  of  false  or  spurious  vacdnia,  gf^M 
the  following  varieties  of  the  evolution  of  the  pock  by  the  productiuo 
(a)  a  vesicle  containing  opaque  or  straw-coloured  lymph,  coni(>lct4*  on 
4th-6Lh  day,  and  with  an  irregular  involution ;  (b)  a  small  fpi«i 
tubercle,  which  matures  by  the  4th  or  oth  day  and  disappear^  hnvi 
no  cicatrix  ;  (r)  a  single  hullaf  or  a  gronp  of  herpetic  vesicles,  irhidi 
soon  burst  and  cause  irritation  by  the  exuded  fluid  ;  («/)  a  veai< !« 
a  normal  course  until  the  8th  or  9th  day,  when  it  ruptures,  and 
forma  with  ulceration  l>eneatb  it;  (e)  a  pigmented  tubercle^  **siip[ 
to  be  the  pro<luct  of  bovine  lymph,"  the  so-called  roAjihrrry  torf.  U  » 
formed  during  the  second  week  after  vaccination  by  the  wmittorast 
of  a  number  of  small  |iapules  reaching  the  size  of  a  largo  pea  Or  coffi* 
grain.  It  is  prcccdc>1  and  followed  hy  intense  itching,  UsU  4  to  S  wnb- 
and  disappears^  leaving  pigmentation  but  no  cicatrix. 

e,   Vai-iiiti/nts   in    InwhUion.  —  As   has    been   observed,  a   htnl 
fiLSt   line    caimot   always    be   drawn    Iwtween    the   local    maritfi: 
which  rcsidt  fnym  vaccination  in  a  normal  case,  and  thoee  which  iO' 
exceeti  what  is  necessary  or  tlesirable,  as  to  constitur«  a  source  of  'la" 
to  the  iiidivifiual  vaccinated.     As  regards  the  vesicles  it  will  U-  k 
that  besides  those  de^iArtures  from  the  normal  which  ha>'e  been  imii 
above,  many  of  which  may  be  considered  as  of  littJe  con:>K.M|uenc«, 
plications   such    as   severe   inflammation   round    the    pock*i,    ulerntt 
coalescence  of  si'veral  pocks  into  one  large  ulcer,  and  even  local 
of    the    tissues    in    the    region    of    the    pocks,    nuiy    occasiouallj 
Abnormal  results  in  vaccination  depend  on  so  many  factora — the  1^ 


metbod  of  vaccination,  tho  treatment  of  the  vesicles,  the  condition 
le  individual  vactinnted,  both  previous  and  subsequent  to  tlie  opera- 
—that  it  may  be  by  no  nicjins  easy  in  a  given  case  Ut  trace  their 
D.  to  detect  the  cause,  or  to  predict  their  occurrence ;  such  results 
,  however,  he  expeclfirl  to  follow  the  careless  irejitment  and  injury  of 
resides,  the  vaccinjition  of  feeble  or  sickly  children,  lack  of  care,  and 
liUble  feeding  of  children  during  the  vaccination  [Kiriod,  or  the  use 
|mph  which  baa  been  imjiroperly  stored,  or  cullected  from  vesicles 
.  obvious  inflammation  al>out  them.  A  further  cause  of  danger 
ibiy  lies  in  the  vwrcination  of  children  who  have  recentl}-  l>een 
ced  to,  or  who  are  intnbjiting,  some  acute  diseaae,  snch  as  scarlet 
r  or  measles.  These  dangers  may  be  almost  entirely  avoided  if  the 
tntions  enjoined  in  the  instructions  to  Public  \'accinator.s  (N'accination 
)  1867-1898,  Thii-d  Schedule,  Para.  I.)  are  fnithfiilly  cjuried  out^  but 
■  do  occasionally  arise,  and  the  examples  given  will  serve  to  shew 

a  large  number  of  the  inflammatory  complications  which  follow 
ination  are  directly  traceable  to  some  extraneous  ciiiise,  and  cannot 
Dv  way  be  considered  merely  as  vai*iations  in  the  involution  of  the 
nil  vaccine  |)ock.  The  cJises  of  suppuration,  ulceration,  and  ^an^ene 
however,  of  so  much  imj>ortance  that  they  will  be  considered  under 
beading  of  Vaccinal  Injuries  (j),  096). 

(.  I'nr'uUwns  in  Hading  avd  Fonuaiion  of  Smr. — Vaccination  wounds, 
er  normal  conditions,  should  be  well  and  limdy  healed  before 
end  of  the  third  week ;  but  in  mre  causes  they  may  remain  open 
many  weeks,  or  in  wiilt  rarer  instartces,  for  months.  This  delay 
lealing  is  often  due  to  easily  preventable  causes,  such  us  repeated 
ry  to  the  scabs  by  other  children,  by  shields,  dirty  sleeves,  dirty 
ic&tions — and  general  want  of  cleHnliness  ;  sometimes  it  is  due  to  the 
Ic  condition  of  the  child  combined  with  unfavourable  surroundings; 

though  no  dotibt  in  exceptional  cases  the  ulceration  is  definitely 
,ed  by  vaccination,  in  most  of  the  irij>t<iULCs  which  have  cume  tnider 
notice  I  have  found  thjit  extnmeous  conditions  are,  as  a  rule,  far 
s  to  blame  for  prolonged  ulceration  than  any  inherent  defect  in  the 
>h  or  in  the  metho<l  of  vaccination.  Such  ciises  of  deferred  healing 
Dot  infrequently  mistaken  for  vaccinal  syphilis  ;  and  a  ]>rutracted 
itigation  into  a  series  of  such  cases,  made  by  Sir  T.  Barlow  and 
elf,  will  be  found  in  App.  ix,  to  Final  Kejwrt  of  K.C.V.  I8[)6, 
320-329.  The  means  by  which  a  diagnosis  may,  in  most  caaeii, 
mode  with  certainty  will  be  found  under  the  head  of  Vaccinal 
liUis  (p.  727). 

AJtfaougb,  as  already  indicated,  the  scar  left  by  vaccination  con- 
I8«  as  a  rule,  to  a  genend  tyi)e,  it«  apiH^aiiincc  may  ]>ro»<-nt  very 
iderable  variations.  There  is  nothing  jpcculiar  to  vaccination 
;hesc  abnornudities ;  they  depend  largely  on  the  amount  of  in- 
matory  reaction  at  the  seat  of  inoculation.  The  changes  which  are 
t  freipicntly  mot  with  an;  simple  hy]H!rtrophy  or  puckering  of  the 
,  anil  chcloid.     None  of  these  cctnditions  indicate  that  the  operation 


has  been  unsucoeaBful  j  oikI  no  certain  deduction  as  to  the  coarw  ii 
vaccination  can  he  made  from  thom.  I  have  seen  &  cjim  of  ch«loiti,  fur 
instance,  which  followed  on  vaccination  made  by  subcutaneous  punctura 
in  wbjoh  no  true  vesicleH  resulted;  and  Mr.  Hutchinson  baa  reocfded  ■ 
case  which  followwl  after  protracted  ulceration  of  the  pocks  (SJ^).  ThrtiB 
is  some  ground  for  supposing  that  the  occurrence  of  cheloid  dc{«nOs  oo 
the  iHiosyncrasy  of  the  person,  since  there  is  not  only  a  temlcrH'y  iovita 
condition  to  spread  beyond  the  limits  of  the  original  scar,  \nil,  ij 
removed,  it  is  prono  to  recur  {23a). 

Lri[fUM  of  ihf  rtif^natiif/t  ami's  is  discussed  on  p.  733, 
General  symptoms. ^The&c  are  commonly  unimportant ;  ftorngtiov 
n  slight  rise  of  temperature  is  noted  about  the  3rd  day  after  irio<.iil> 
tion  :   this  may  be  foUowed  by  reniisstons,  and  if  there  Imj  any  (rvcr  ii 
generally  reaches  its  niaxiniuni  before  the  8th  day.     These  ^1:' 
turbances  are  often  the  oidy  evidence  of  a  general  diffusion  of  th 
althnii^h  eruptions  such  i\s  erythema,  roseola,  or  urticaria  mayacoompu; 
even  the  mildest  and  most  faNourublc  cases  of  vaccination.     Tfaeac  nubn 
which  may  develop  ojirly  in  children  who  arc  unusually  stiscoptible '  w 
the  vaccine  virus,  may  occur  within  four  or  live  days  of  ino<'idatioii,or 
they  may  develop  during  the  period  of  maturity  and  subsidence  uf  lb" 
pocks ;  they  have  no  special  signilicance,  and,  as  n  rule,  arc  not  bannful 
except  in  so  far  ]is  they  pi-oduce  imtation  and  conseipient  n»tJ«iM«*- 
Amongst  the  more  usual  complications  which  occur  at  or  about  the  penod 
of  the  full  development  of  the  pocks  are  those  which  are  common  is 
all    the  acutt)   exanthema;   such   :i8  hea^lache   (in  lulults   ami   in  fhlcr 
children),  lassitude,  irritability,  sJeeplessiiesH,  disturbances  of  the  digesutv 
system  —  e.ff,    anorexia,    vomiting,   catarrhal    diarrho-a ;    and    ptiwibli 
during  the  onset  of  the  vaccinal  fever,  rigors  may  occur  in  atlults  and 
the  rcvaccinated,  and  convulsions  in  infanta.     In  relation  to  these  toi 
(ions  of  a  geneml  infection,  there  will  in  some  instances  lie  evideDi 
ft  corresponding  disturlwince  of  the  circulatory  or  respiratory  »p[ 
aa  shewn  by  increased  ra])idity  of  pulse  and  respiration^  bmnchi&l  taturt*' 
or  slight  temporary  albuminuria. 

Fiirst   (2.Jj    points   out    that    there   is  an   increase   in    the 
of    leucocytes    in    the    blood    duritig    the    vncciiuition    period, 
increase  takes  place  about  the  3rd  day,  when  the  local   eruption  it 
developing  :    and   again   when   the  surrounding  inHammation   ts  U 
height.     The  leucocytosis  diminishes  rapidly  with  the  fall  of  tcmpvi 
in  the  early  part  of  the  second  week,  and  appears  to  he  pi-oj)orl 
the  severity  of  the  symptoms. 


^  TTif  pTolik'iii  t^  K«aenk1ly  Unis  4taU'<l.  uicl  HlUiougli  chitilreo  ililTer  widely  tn 
Ktiuu  to  nil  kimbi  of  extrrniiJ   Htimuli,  iitcrcii.*«d  rfumxtpliliilitj  U>  tlie  vacvioe  «inu 
our  prexenl  stnte  of  kiinwieiliie   Iw  helil  only  to  imiily  that  the  offeot  jinxlijoM]  by  tk** 
tioii  in  n  iwirticuliir  cn--^'  u  umiMiinlly  ««vert'.      For  vnrioiis  reamut  onv  flilM  imiy  !«»•"• 
mucb  8troU4n*r  doee  thui  Another.  nii<l  tho  aptvnr«tit  greater  fUKepUlfiHt;  of  i>no  eUU     ~ 
(mother  mnjf  piwuatily  iikiui  only  that  he  hA<<  rvccivnl  a  largvr  dow  of  Ihi^  rinn. 
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Pakt  II 

Vaccinal  Eruptions  and  Complications  ^ 

itPoductlon. — Before  tnlving  up  tho  general  question  of  vaccinal 
ttjiirifs.  attention  may  l>e  diiocttti  to  some  of  the  moi-e  usual  coiuplicitlions 
vbich  are  met  with  after  vaccination  :  of  tbe&c  the  most  obvioug  arc  the 
cauneons  eruptions  which,  although  they  fi'oquently  ucconipany  and 
toDolimcs  result  directly  from  the  inoculation  of  vaccin(;  lymph,  yet  for 
tlie  toost  part  are  not  peculiar  to  vaccination,  but  are  common  both  in 
ijiiADts  ami  3uiult«,  and  arise  from  the  uiotjt  di^erfe  c^mscs. 

That  eruptions  of  various  kinda  follow  vaocinaiiori  is  now  gi^ncrally 

ncoguiftcd.     They  are  as   a  rule    harmless  and   of   simple    wcU-kno^m 

forms,  such  as  occur  in  all  person^:,  eapt'cially  in   the  very  young,  under 

the  iufluflMce  of  irritants  of  widely  ditlerenb  kinds  and  arting  in  various 

war*.     The  rashes  produced  by  belladonna,  potussium  iodide,  mus«els, 

bytkli'Js,  septic  infections,  and  antitoxins  are  faniitiur  tu  all  of  us;  many 

of  ibc  viiccinal  eruptions,  however  much  they  may  dilVer  in  the  strictly 

Htitological  sense,  are  cUnioallv  of  the  same  kind,  and  arc  probably  due 

Vil  simiUr  cause.     Some  of  them   have  ubtjiined  a  fictitious  importance 

in  new  of  tho  euggostion  tbit  un  analogy  oxistB  between  syphilis  and 

I'lcrinia,  on  the  ground  that  amongst  other  symptoms  roseolousand  other 

eruptions  are  common  to  both.     The  suggestion  is  of  little  value  when 

■il  rememWred  that  similar  eruptions  are  common  after  infection  by 

■••ees  ditfering  as  widely  as  variola  and  cholera. 

From  such  data  as  are  available  it  seems  probable  that  the-se  raahea, 
*hich  are  by  no  means  peculiar  to,  or  characterJKtic  of,  vac<Mnia,  si^iify 
only  that  a  generalisation  of  the  virua  has  taken  place  as  the  result  of 
jkft  local  inoculation;  and.  further,  it  seems  reasonable  to  conjecture  that 
Hj^  are  excited  by  some  chemical  irritant,  as  distinguished  from  those 
•Kch,  like  erysipelas,  are  due  to  micro  organisms. 

Vaccinal  eniptions  are  usually  rharacterised  by  their  temporary 
Juration  ami  irregidar  distribution,  and  by  their  ocr.urrencc  during  the 
period  of  vaccination  ;  they  are  often  attended  with  much  irritation, 
considerable  general  disturbance,  and  some  ])yrexia. 

All  kinds  of  erujitions  occurring  after  vaccination  are  not  infrequently 
ttlrihnterj  to  it ;  as  for  instance  those  of  sciibies  and  acne,  or  even  the 
**h  pnMjnced  by  potassium  bromide  administered  meilicinally,  A  ease 
'^  the  latter  kind  -  came  under  the  care  of  I>r.  Colcotl  Fox  (22a).  A 
"Other  who  was  suckling  her  child  suffered  from  epilepsy,  for  which  she 
toL^Aking  large  duftes  of  potasaium  bromide :  the  infant  after  vaccination 

^^A  mmmiiry  of  thU  sulyect  (onUintng  much  uwrnl  infnmiAtioii  biw  bc«n  given  by 

A  rlmwing  nf  n  uliiinar  eruption  Alle^jwi  to  tw  vaccloftl  U  glr«u  fb  tha  report  of  tin- 
r^dicckl  Officer  of  the  LotjU  Govn-iimeiit  Boanl.  1888,  p.  38. 
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suffered  from  a  plentiful  crop  of  bromide  pustules,  which  disappearai 
immediately  the  drug  was  omitted. 

In  making  the  diagnosis  of  a  vaccinal  eruption  it  is  necessary  to 
bear  in  mind  these  possibilities  of  error,  since  these  symptoms  mar 
easily  excite  unnecessary  alarm  or  suspicion  in  the  minds  of  those  whu 
are  responsible  for  the  care  of  recently  vaccinated  children. 

Classiflcation  and  Chronology.  —  Various  classifications  of  these 
eruptions  have  been  made,  of  which  the  most  satisfactory  are  those 
given  by  Mr.  Malcolm  Morris  and  Dr.  Crocker  (11,  12),  to  whose  work* 
I  am  much  indebted. 


CLASSIFICATION  OF  ERUPTIONS  AND  OTHER  GOAfPLICATlOSS 
FOLLOWINO  VACCINATION 

Eruptions  peculiar  to  vacdiuitv/n. 

1 .  Those  which  may  result  from  the  inoculation  of  uncontsniinateH 
vaccine  lymph  : — 
(rt)  Multiplication    of     vaccine    vesicles    by    diffusion   throu{:!i 
digestive,     circulatory,     or     other    systems  —  generalised 
vaccinia. 
(6)  Multiplication  of  vaccine  vesicles  by  auto-inoculation. 
•2.  Those  probably   due  to    some    contamination    of  the  lymph  or 
to  some  peculiarity  on  the  part  of  the  individual  vaccinated- 
vaccinia  gangrenosa  ;  vaccinia  haemorrhagica. 

Erv.ptions  not  peculiar  to  vaccination-,  which  may  be  excited  by  the  absorp- 
tion of  many  kinds  of  virus ;  probably  duo  to  chemical  irritation, 
not  to  microbic  infection. 

1.  Urticaria;  Lichen  urticatus. 

2.  Erythema  multiforme. 

3.  Roseolons,     papular,     vesiciUar,     pustular,    bullous    eruptions 

4.  Eruptions  resembling  those  of  measles  and  scarlet  fever. 

CompHrnlions    not   pecitliw    to    vaccination,    which     may    result   from  ***^ 
infection    of  any   wound,    and   are  due   to  some   peculiarity  on  tb* 
part  of  the   individual   vaccinated,  or   to   the  introduction  of  sfttw*^ 
extraneous   virus   into    the   wounds    at   the  time  of   vaccination   ^^ 
subsequently. 

1.  Probably    <luo    to    peculiarities   of    the    individual :    Ecw^i** ' 

Psoriasis  ;  Pomphi^^us  ;  Local  Gangrene. 

2.  Pro}>al)ly    due    to    some    microbic    infection    of    the   woun"/* ' 

Impetigo  contjigio.sa ;  Tinea  tonsurans ;  Funuicul*^*^ 
Glamliilar  abscess ;  Cellulitis  ;  Erysipelas ;  Septic  infectio^^^ 
Tetanus. 

3.  Causation    doubtful ;      possibly    due     to     microbic    infecti*^*^ 

Purpura. 
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kSyphilia ;    LupuK  7    Tuberculosis?    Leprosy?    Cancer t     Epizootic 
tf^dSottt  oi  vfttM  //m;^  tntptiotti  or  cotnpUtationa  may  he  Imk^td  fitr  after 
tirtfttion  are  as  follows  : — 

During  ibt:   first  tlireo  days:    F>ytheiim;   Urlicaria  ;    Vesicular  and 

bullous  eruptions ;  Invaccinated  crysipvlits. 
After  the  third  day  and  until  tlic  pock  reaches  maturity :  Urticaria  ; 
1;    Lichen ;    Uchen    urticatus :    Krythema    multiforme ;    Accidental 
f  erysipelas. 
Vbout  the  end  of  the  first  week,  and  genemlly  after  the  nmturation 

of  the  iHicks  :    (ienuRilised    vact;inia — [a)  by    an L^Hnoc illation,   (f>) 
I   by  general  infection  ;  Itnpctigo  :  Accidental   erysipelas ;  Vaccinal 
"   ulceration:  Glandidar  abRC«*8s  ;  Septic  infections  :  Oangrenc. 
Ifler  the  involution  of  the  [Kicks:  invaccinated  disease,  fur  exaniptn 

syphilis.' 


fc' 


The  dat4.'s  at  which  the  varions  eriiptiona  or  complications  of  vaiL-ina- 
api>ear  after  the  opetation  are  of  considerable  inijiortance,  as 
ftinjr  the  true  nature  of  thf^e  cases  in  which  the  suspicion  of  in- 
?iriated  syphilis  has  been  raiscil ;  and  the  more  so  us  some  writers 
e  endeavoured  to  trace  analogies  between  vaccinia  and  syphilis.  Thus, 
Creighton  (lO)stJtto-s  thjit  "the  real  uflinity  of  cow-pox  is  not  tu  sniall- 
,  but  10  the  great  pox,  .  .  .  The  vaccina!  niscola  is  not  only  very 
the  syphilitic  roseola,  hut  it  means  the  same  sort  of  thing." 
It  may  fte  pninted  out  that  the  vacciTial  rowola  nppears  within  a 
tk  of  inoculation,  Ry|>hilitic  roseola  not,  as  a  nile,  for  a  month  ;  that 
kilous  and  erythematous  rashes  cummouly  usher  small -pox,  and 
ur  very  frequently  after  the  injection  of  antitoxins  —  diphtheritic 
oth«i*ii :  and  again  that  the  date  of  their  appearance  and  the  absence 
iny  distinctive  chura<;terifitic  are  opposed  to  the  deduction  tliat  they 
iu  any  way  allied  t^)  syphilis. 

There  does  not  s(?em  Ui  be  adequate  ground  for  concluding  that^  with 

exception  of  generalised  vaccinia,  any  of  the  eruptions  enumoiiitod 

'e  are  i>ecnliar  to  vaccination,  or  are  an  essrntial  |>art  i)f  it.     Their 

rrence  in  a  small  number  of  cases  is  undoubted  ;  in  some  instances 

c«rtainly  depend  on   extraneous  and.    tliereforu,   removable  causes, 

in  others  they  depend  on  [jccnlinrities  in   the  individual   which  are 

i  unsuspected  at  the  time  of  operation,  and  cannot  be  foreseen. 

Nothing  would  be  gained  by  discunsing  in  tietail  all  tin?  various  forms 

ftnipiion   which    may    follow    vaccination.     None  of  them    has   any 

tltar   significjince ;    many  of  them   are  unimportant,    anil   are    only 

tinned   becanse  they  Jire  sometimes  a  cause  of  anxiety  to  those  who 

iiiuicqiuiinted   with   their   harmlei*s  character.     The  more  important 

''^tt  gfiu'DiI  UM  of  cnlMyitifth  hrl^  ruiidbfi-d  thli>  iiccMeut  injpovsilitc.  i^xcept  by  a^Jiuv 
iiiirl  metciuable  iiiiglet:c  of  urdimiry  |)ret:AQtion8. 
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eruptions,  and  Bome  of  the  more  trouhlesome, — such  as  ecieou  «d 
impetigo,  —  require  further  notice  ;   erysipelas,  syphilis,  toberdc.  unJ 


^i^ 


Fic.   tl. 

with 


*.  Aiijirrnliv  ic.  to  Kiiml  1. 


leproey.  will   lie   oonttiilerfd   later   in   detail,  altbongh   tlie   tbi' , 
are  mainly  now  of  liistorical  interest  only. 

From  a  clinical  point  of  view  the  enipUons  |M*f»lijir  Ui  \-Bccimliaii 
are,  without  doitlit,  the  moht  int«re«ting  and  important;  for  if  thertU 
any  connexion  between  vaccinia  and  variola,  it  might   bu  '  tbii 

cases  would  occur  from  time  to  time  in  which  the  8ym]>!  ^\^y 

vaocination  would  more  closely  resemble  inocuUtod  variola  than  the  nwrely 


PhL  l-iL-«ap«niutiwnirr  vmIcIm.    BUtn  II.    a«)mi-<>"ntliteni.    Iinwia«  uudtub  14U  Oifi 
TBcclnatiim  wllli  bittimniBul  Ijrnipli. 

local  phenomena  wliich  are  generally  iiswwiat^d  with  vaccinatioD. 
cases  do  in  fiict  occur  ;  an<i,  though  the  in8tance»  Jiro  rare  in  which  vacciJ 
tion  ia  followed  by  a  geneml  eruption  of  jiocks  like  those  nt  the  {» 
inoculation,  it  is  (Judging  from  my  own  oxperionce)  by  no 
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iiik-umnion  to  find  the  uriginal  insertions  giiirouuded  by  supernumerary 

pitttuloB,  cf.  Ki^.  11,  12,  13.  ao  that  the  apiH-unuices  closely  resemble  the 

(IraBTiigs  uf  inucul.-ited  smJiU  ix)x   by  Kirtlaiid.  reproduced  in  the  hriti«h 

Miiicitt  Jourtml,   18l.t6,  vol,    i.  p.    Ii*76.     1  do  not  intend    to  nmintun 

Uut  this    retjcmbluiice   implies    of    nt^cessity  any  community  of  natun^ 

twtwocn  variola  and  vuo^inia,  possible  as  this  mny  be  for  reasons  which 

4PC  (iiacusseil   by  Dr.   Copeman  (p.   749),   but   it   is  found   that,  under 

o^rtftin  conilitions,  the  course  of    vaccinia   dcpiirts  from   that  which  is 

*^rdini\rily  obicrved.    aud  the   affection   bocomes   comparaltlo   to  one   of 

the  exHDthoius,  instead  of  being  characterisetl  oidy  by  a  local  pock  witli- 

<>*JI  any  general  eruption.     It  is  also  worthy  of  note  that  conversely 


\ 


Pia  11  -^upeniunHTiry  vmIcIab.    8Ur«  III.    Coitfloimt    Dnwlug  nudfi  an  Iftth  dfty  ntlrr  \'n«-Hnalli)n 
li  fovr  pUcM  wltb  bamaiilwHl  lymph.     ¥\r%l  np^tnnpt  of  emplion  on  r>Ui  '  i  <  i       i    nivt 

'VDfliMSit  OQ  lltfa  iIa)'.      Rffftiloii  t)ii>  criiiiliiin  mti  Mrm  tbtft*  w&s  only  une  uml  [<■  mii 

>li4(Hn«n.    CompATA  irlUi  >1^.  14.  Hbt^wlDtt  InocuUtud  sffisU-pox,  aud  I-lg.  15,  vi><'  <   <  i 'iitit 

polBt  of  tDOcnUtioa  In  a  Utvr  iitage. 


^"'  >n  POX,  by  successive  re-inocnlations  of  the  ."^ame  indi\'i(lual,  may  shew 

"-<^if  only  afi  a  load  ftock  at  the  point  of  inoculation  without  any  gennal 

'^'■yplion  (43,  49).     This  is  the  ease  not  only  in  the  direct  inoculation  t.f 

^'at-jolona  hinph,  but  13  equally  so  in  "  vaccinations  "  performed  with  l^'mph 

jj^K^n  from  pocks  raistxl  on  the  c:df  by  the  inoculation  of  small-pox  virua. 

-*  «€i«ti  points  of  resemblance  between  variola  and  vaccinia  are  of  interest 

'''■Mother  they  indicjite  any  close  relationship  between  the  two  aflections 

*"      mot ;   there  is  little  warrant,  indee<l,  for  the  belief  that   t'enendised 

*'^"*^oinia  is  identical  with  variola :  and  (unlike  sraall-pox),  so  far  as  I  am 

**^*"**.re,  no  case  has  been  recorded  in  which  vaccinia  ha«  provtjd  to  be  com- 

-^*^ »iicftble,  except  by  direct  inoculation,  or  by  the  ingestion  of  material 

^^-**ii  the  vaccine  pocks,  although  cases  with  a  general  eruption  somewhat 

'^^ilar  to  varioU  do  at  times  occur.     I  am  not,  however,  aware  of  any 
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such   case   which    hiw    Ween    proveil    10    be    contagious.      See  Pi«m 
(45d).' 

OeDeiTilised  vaccinia  iliifers  iu  mauy  ways  from  a  general  diifat>i<j(i  (/ 
viicciiie  pocks  by  A(itoirio::(ilnUori  throii^Ii  the  skin  ;  diough  1>o(fa  aflvctkutw 
indiscrimiiiAtcly  havo  hocii  called  by  the  same  name.  For  convcnieiict  uf 
description  Longet's  chissiHcution  of  these  genepdised  vaccinal  empifm 
may  bo  adoptw!.      It  ia  a-s  follows  : — 

1.  Sporttaneoua  genei-al  vaccinal  eruptions  or  generalised  Taedni» — ~ 
Vaccitial  eruptive  fever. 

2.  Vaccinal  eruptions  sryneraliaod  by  autoiiKwulntlun,  for  eamp^*"- 


C^ 


Pra.  11.— Ifioenlated  Miwlt-poz.    Slievrlnic  Ui>'  aiipainuieu  at  <k  uiru Ic  luvertiou  du  Uu  l<Ui  4u. 
Um  oiigitMl  (Inwioff  by  U.  KiHUib)  (ll:OVX  lent  b>-  Mr.  6.  W.  ColUn*  oT  " 


l>y  scratching — (without  any  pre-exiatirig  lesion  of  the  »kin.     r.  P.  -^,' 
Multiplicalion  fvf  i^Hxks  by  aiUo-inttcidatioii. 

3.  To  these  should  be  added  local  vaccinal  eruptions  (often  confiwrntS. 
the  occurrence  and  position  of  which  are  determined  by  some  prc-cii«W"? 
cuUineons  lesion  such  as  im]»etigo,  cczcnni,  acne,  or  paoriasis.  S(twi<' 
inevitahlo  conhision  has  bfon  caused  hj'  not  clearly  discnminalini;  tx* 
tweon  vaccinal  eruptions  which  have  occurred  on  Hmfuriw  [irfvuiu^'' 
sonitd,  and  those  in  which  the  seat  of  the  eruption  has  been  detemii*^ 
by  Borae  prenous  local  affection. 

I.   Vaccinal  eruptions  by  migration. 

These  are  too  rare  Ui  be  of  an)'  practical  importmce  since  thcyconw^ 
of  those  cases  of  generalised  vaccinia  in  which  the  general  eruption  bi*** 


'  For  ftn  apparent  eiceptktn  to  thi«  tew  Mnrtin'R  com,  i».  882,  wlilsli  ilnvn  not,  how^** 
rwilljr  tovolulata  ilw  tmtit  of  tli«  Kvncnl  nUv  as  lUled  Abofe. 


VACC/mA  IN  MAN — A  CUN2CAL  STUDY 


679 


l^ry  manifesbitiou,  no  local  result  hnving  followed  at  the  point  of 
">«:»»Utiou.     (Loiifiol,  Uf.  cit.  p.  '20  r».) 

Ceneralised  vaccinia,  or  vaccinal  oniptive  fover,  occurs,  as  a  nilo, 
*^*"i»jninitivel3'  *?^*rl}'  after  vaccination  ;  either  one  or  two  days  V>efore  or 
**">ortwo  days  after  the  pock  at  the  seat  of  inoculation  has  mrivcd  at 


•^ 


\\ 


^^-  li, — VawiiiiaetrnfliieiitAt  i»o*iil  gl  iikjcuIiiIioii.  nlii'inii;;  ih-  ulL-«nl«il  •iirf»o«>  left  ftJUr  rmuonl 
*^  1]m>  mcaiK.  Theni  nrr  Lwu  <ai{i«niiiin>miry  [HickK  nii  ihit  tnrwinii.  ThH  ilmM-uit;  was  mnilr  43  ilayn 
*rUr  ^-amllMtloii.  Yxtt  iletaiUt  of  rjuir  «(m<  |i.  UST:  aIho  Cam  314,  Appnlxlix  l<c  U)  FIriftI  Report 
li.CV..  p.  MfSL    Flgi.  ]A  him)  17  *n<  fhim  tli"  Mtnr  vn*^. 


^**turity,  that  ia  to  say,  genarally  not  before  thw  Ith  day  or  after  the 
■*^th.  The  date  of  its  api>earance  may.  however,  vary  considerably.  In 
"oole's  case  (App.  ix.  K.CV.  No.  cxciv.  p.  70)  the  enijition  l>epin  on  the 
'  3th  or  the  1  4th  day  (46) ;  in  Dr.  Coli-ott  Fox's  two  (-uses  on  the  'Jth  day 
(22).  The  pocks  form  in  successive  cro[>8,  so  that  at  a  given  tlate  they  nuiy 
■*©  found  in  all  stages  of  dHvelo|>Tnent ;  in  the  three  cases  alluded  to,  the 
Eruption  continucrl  tn  appear  from  the  I  3th  to  the  28r.h  day,  from  the  9th  to 
t-he   I9ih.  iiiid  [»th  to  the  1 6th  days  respectively.     \Mien  it  first  appears  the 
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eruption  is  dusky  red,  then  rapidly  becomes  papular,  vesicular,  and  fiiuliy 
pustular ;  in  two  or  three  days  the  pocks  arrive  at  maturity,  and  scHue- 
times  closely  resemble  the  original  vaccine  vesicles :  in  other  cases  they 
so  much  resemble  those  of  variola  that  Bousquet  declares  that  there  is 
"  so  much  resemblance  between  vaccinia  and  inoculated  variola  that  do 
physician,  however  experienced,  is  in  a  position  to  differentiate  the 
vaccinal  from  the  variolous  pustule.  The  most  sagacious  make  mistakes. 
In  a  word,  at  whatever  period  yoii  select — the  7th,  the  10th,  the  \t\\ 
or  15th  day — the  characters  of  the  one  are  the  characters  of  the  other. 
There  is  no  difference  between  them."  ^  (Fig.  1 4.)  This  iajiardly  the  case, 
since  the  eruption  of  inoculated  variola  appears  about  the  12tfa  {9th-14ib) 
day.  Generalised  vaccinia,  as  a  rule,  appears  earlier  (about  the  7th  day): 
and  the  vaccinal  fever  is  generally  less  pronounced  and  the  coDstitutiod 
disturbance  less  marked  than  in  the  case  of  variola.  It  is  not  usual  for 
the  vaccinal  eruption  to  be  found  on  the  mucous  membranes  or  cod- 
junctivje ;  but  this  distinction  does  not  hold  good  in  all  cases.  Two 
instances  in  which  the  mucous  membrane  of  the  mouth  was  affected,  and 
one  in  which  the  vesicles  formed  on  the  conjunctiv«e,  have  been  noted  ia 
England.  (See  L.G.B.  Reports,  Nos.  IL  and  clxii.  App.  i-x.  to  Final 
Report  of  R.C.V.  1896,  pp.  20  and  56.)  The  similarity  of  the  two 
affections  is  such  that  the  suspicion  of  variola  was  raised  in  not  a  ffw 
of  the  recorded  cases  before  the  nature  of  the  eruption  was  recogmsed 
(27,  29,  40a,  41,  46). 

The  table  on  the  opposite  page,  founded  on  that  given  by  Dauchei. 
gives  the  chief  points  of  difference  between  variola,  inoculated  variok 
;ind  generalised  vaccinia — eruptive  vaccinal  fever. 

'  An  interesting  case  is  reported  by  Dr.  Sliarkey  (52),  *'A  case  in  pnx)f  of  th«  nrai- 
identity  of  variola  and  varicella."  In  this  instance,  a  boy  who  may  have  been  eipo^ltfl 
the  (■imtagion  of  sniall-pox  (though  thi«  is  not  certain)  was  adrnitteil  to  St  Th'^mu' 
Hospital  suffering  from  chicken-pox.  He  was  vaccinate<l,  and  eight  days  afiemrdi  m 
eniption  lx*lieve<l  to  !«  small -pox  began  to  ntake  its  appearance.  If  generaliwd  noiiiu 
can  be  determined  by  a  cntaneous  eruption,  it  is  conceivable  that  thia  was  in  fart  s  cW^ 
that  disease  ;  and  in  this  connexion  attention  may  Ije  called  to  a  remarh:  by  Dr.  W.  J.  Simp^*- 
whose  researches  into  the  relation  of  variola  and  vaccinia  are  well  known  (53) :— "  V»wiE( 
and  chicken-pox  have  always  seemed  to  me  to  be  two  elements  of  small-pox  which  hi" 
become  separated  in  some  unknown  way  ;  the  vaccine  retaining  the  pecnliar  qualitiw  *'''*'' 
affect  the  body  in  such  a  manner  as  to  render  it  immune  from  a  second  attwk,  *''''''■ 
chicken-pox  han  none  of  these  qualities." 


[Tab^ 


ntliein  ia  ood- 


tptioti  of  tnocalAt«<l  raHoln  in  imt  complete 
e  gKuerol  cniptioQ  (tcvelujiitig  fruui  lliin  tlnte 
lay. 

lecifiive  test  whether  an  eruption  following  vaccination  be 
ude  "  or  not  ia  that  lymph  taken  from  one  of  the  vesicles 


at  A  djftunce  from  the  original  point  of  inoculation  shall  bo  oipablfl  oTn- 
producing  the  epocitic  eHocls  of  VHcciiuitton  in  an  Hnimal,  or  in  anotfair 
chilli  (II))-  That  ibis  can  he  done  has  been  shevrn  hy  Richard  and  hy 
Martin.  In  the  former  case  Ui  children  wore  sucecsafiilly  vaccinateiJ ;  and 
in  Marlin's  atsc  a  heifer  wiis  successfully  vaccinated  from  pocks  frhki 
devt^loped  in  a  child  suffering  from  h  general  ernption,  rcsnltiog, «  S 
would  appear,  from  its  being  suckled  by  its  mother  during  the  period  of 
her  vaccination.  An  interesting  denionstrution  of  the  true  nature  M  tbt 
Buperiiiuneiury  jmcks  was  given  in  a  case  of  vaccinia  gencndiBed  br 
auto-inoculation,  reported  by  myself  (1),  in  which  the  child  voffoin; 
from  pockd  on  its  lips  ami  face  inoculated  its  mother's  fareatt;  lb* 
8idise<|uent,  x'esicle  shewed  no  dGj>aiture  from  the  ordinary  apff«nu)» 
or  evolution  of  a  vaccine  pock, 

Causaium  of  irrnnrtUuifvl  VtirAnvt,  —  Ai»art  from  any  pvcnlianty  a| 
the  lymph,  and  without  assuming  abnormal  receptivity  on  the  p»n  "J 
the  individual,  the  eruption  of  vaccination  may  cense  to  be  |nir«lY  kol 
if  the  viruin  1>e  a<iministered,  fiot  thrtMigh  the  ^kin,  hut  by  the  digeMiii, 
circulatory,  or  resi)irjilory  systems  ;  and  also  (apart  from  auto-tnoraUtion, 
which  is  considered  later)  if  during  the  vaccination  period  there  be  ww 
co-exiBtent,  gfnend  cut;uieoufi  eniption,  snch  Jia  sudamina. 

A  generalised  vaccinal  eruption  has  been  prodii<*ed  in  children  vIki 
had  sucked  their  vaccination  pocks  ;  ^  and  it  has  been  dotermtned  ir  **'  - 
whu  had  pre^nously  proved  insusceptible  to  vuccinatiun,  by  the  intn 
administration  of  powdcre*!  vaccine  cniata  with  food (7).  Similarly,  >!:■ 
l»oen  noted,  a  general  vaccinal  exanthcm  has  appeared  in  a  chiM  *ii>:U' 
by  its  mother  who  was  imdergoing  vaccination  (41). 

It  is  of  interest  in  connexion  with  this  latti^r  caae  to  note  thatcv 
children,  whose  mothers  have  been  successfully  revaccinat^d  pre\*ioi» 
their  continemerjts,  have  been  vaccinated  shortly  after  birth  willn 
result ;  shewing,  possibly,  that  the  effect  of  the  mother's  vucciimiiun 
shaivd  by  the  fietus  in  utoro.  In  inveeiigfitiuf;  this  point  a  large  num 
of  observations  have  been  nuide  ;  the  most  remarkable  of  which  ate 
of  Bnrckhardt  and  Kellock  on  women,  and  those  of  Hickert  on  «be^^| 
Burckhanlt  vaccinated  28  pregnant  women,  and  subsequently  vacci 
6  of  the  children  whow*  mothers  had  been  successfully  vaccinated, 
opcmtiou  was  unsuccessful  in  all  of  them.  Kelluck  vaecinutud  36  vi 
in  various  stages  of  pregnancy,  atid  found  (fl)  that  the  inf&nu  teikt^ 
vacciiuition  directly  a*  the  st«go  of  pregnane}'  at  which  the  mother  i^** 
vncfinated  ,  and  (/*)  that  the  foetus  stHjmed  to  be  more  readily  afTectwl 
the  multiiwirous  than  in  those  of  a  first  pregmuicy.  His  rrsnlU  wtra 
follows :  —  Of  14  children  of  primiparas,  vaccination  w:m  snec 
perfonne<l  on  the  infant  in  every  case  in  which  the  ranibcr  had 
vaccinated  earlier  than  the  seventh  month  of  pregnancy  ;  whil&t  thee 
tion  failed  in  .i  of  the  infants  whose  mothers  ha<i  been  vaccinated 
than  the  seventh  month.  In  the  case  of  the  children  of  the  multi| 
DO  less  than  10  proved  insusceptible  to  vaccination,  even  thoogh  in 
'  fttlennt* :  quot<Hl  by  Loiunt 
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i'«  Lbe  mother  had  hccn  vacn'imtcd  as  CArly  as  the  fifth  nif^nth. 
facts  apt'  corrolioratcd  hy  an  oltsctvation  made  hy  l>epiiul  (18), 
'iola  may  tie  trunsmitteil  fruni  the  mutber  to  the  feftiin  in  uteru, 
by  some  obsonations  i-ecordeU  in  the  Trnnsactiims  of  Me 
yvf^ifal  .S(Jw/y(188o  86,  vol.  v.  N.S.  p.  1G6),  from  which  it  appears 
filiation  failed  in  three  infant*  whose  nu'thers  bad  suffered  from 
•pox  more  than  16  days  pnvious  to  their  eoiiHnements,  but  was 
esfully  iMirfonned  on  three  ehihlien  whose  mothers  sickened  with 
iieaflC  \eA8  than  8  days  l*efort3  the  onset  of  labour.  Some  further 
nl  eudence  on  tbt-se  poinUs  was  brought  forward  during  a  discussion 
g  /*rr7i.<A  Mfdiml  Jmmud  "on  the  effect  of  revaccination  dining 
pRcy  on  tho  child."  Dr.  Rollantyiie  (2;/)  is  of  opinion  that  one  foitiis 
fee  is  protected  by  the  vaccination  of  the  mother  during  the  second 
if  pregnancy;  but  it  seems  jirolwible  that  the  immunity  ho  produced 
liflient  and  not  comfuinUile  with  that  whieb  results  from  vaccinution 
«  usual  method. 
le  ex|wrimenta  of  Straus,  Charabon,  inid  Menard  have  a  beaiing 
IP  {)oint«.  Thoy  found  that  the  bbuxl- serum  of  a  calf,  t;dcen 
the  pocks  wore  healed,  produced  temporary  immiuiity  in  other 
of  the  8ame  Hpccics  when  introducet!  into  the  venous  system. 
m  bus  altiO  dumonstruted  thai  a  ^GiiLTultHation,  manifested  by  an 
Km  capable  of  reproducing  the  onlinary  results  of  vaccination,  could 
cited  by  the  infection  of  horses  through  the  digestive,  circnlalory, 
)imtory  syfttcms,  as  well  as  by  injection   into  the  subcntaneous 

observations,  which  are  in  agreement  with  the  ulinicJil  fact«, 

that    the   results    of    vaccination    may   be    ohljiined    without    the 

tion  uf  the  local  pock  :  and  under  given  conditions  the  dilTusion 

s^nrus  is  occaifionally  demonstrated  by  the  appearance  of  a  cutaneous 

m  similar  ttt  that  which  occui-s  in  the  acute  exanthema,  even  if  it 

■entirely  analogons  to  them. 

dnla  grenerallsed  by  auto-Inoculation. —  Allied  to  sponiunuous 

iaed  vaccinia  are  those  8e<|Hels  of  vaicination  which  arc  caused  by 

re  or  less  wide  distribution  of  vaccinal  ix>rks  by  anto  inoculation. 

*«uper!ninier:iry  porks  may  i>e  caused  by  scratihing  witii   the  naiU 

they  have  been  in  contact  with  the  vaciine  pocks  ;  or  by  accidental 

minntion  of  surfaces  deniidc^l  of  epithelium  by  tiwy  such  cause  as 

la^  impetigo,  paoriiwis,  or  other  cutaneous  eniptions  which  cause  a 

b  of  ifiurface ;   they  may   1m?  pnxluccd   in  any   part  of   the   body 

Milally  brought  into  contact  with  virus   from   the   vaccine   vesicles. 

are  common,   and  references  uiuy  Ins  found   to  them   in   the 

already  referred  to.  especially  I>aucbcz,  Longct,- and  Poole  (14, 

dniwings  of  remarkable  cases  are  given  in   my  paper  in   the 

Society's    TraiunuJwus,    1 893,   vol.   xxvi.   p.    114,   pi.   ii„   and   in 

'B  paper.     The  number  of  pocks  varies  from  one  or  two  upwards  ;. 

tht*  cases  in  which  the  eruption  h<-is  become  conHuent  the  numlier 

ten  very  great.     Most  of  these  cjises  are  unimportant,  and  result 


4Xn]  <1ay  »n«r  vaccln«tUin.    The  iiocks  n,  I>.  .  '  i :  /  •ba«l  M 

/.ymjik,  buiiuiiiiMil :  4Jiul  rrmiivv  iram  c^f.  :'«Uao 

I4Ui  rlny.    S-i- l-'ttt.  1,'..    /'.v*j  contlnor*!  u>*['[ ...'<'LiiirU 

hr<«ut    wa.4   innculatM,  nad   the  pock  imn  ■  nonajkl  rutiMu-.     tor  IT>l^^UlM■  u   liBlilli  fff 

korchiefs,  sponges,  ointments,  hath»,  And  Iwds  which  hAve  hcnn  used 
recently  %'ai'cinated  infHnla  ;  and  tlicy  may  ooour  in  the  most  unea 
'vmy^  oa,  for  instanca,  in  the  case  of  »  man  who,  having  dufetl  hii 

1  Se^  aUo   for   referrtnTv   Hut*.    "Vaccine  UphUuilnilo,"   Knrrt'*   /Mr   f^tMagm 
Sckutapoeken-imp/ttHg,  p.  101. 
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nding,  applied  Bome  vaseline  to  tbe  sore  place  out  uf  the  same  pot 
ich  bis  wife  haW  used  for  tbe  arm  of  tlieir  child  who  had  been  rereiitly 

Piled :  tlie  result  was  a  large  crop  of  vaccine  vcaiclcs  on  the  buttoclcB. 
cles  occur  on  the  eyeh'ds  (2d)  or  tbe  eyeball,  the  consequence  may 
ioua;  this  hvltor  accident,  however,  ih  of  ^rciiL  niril.y.  In  live  ra^es 
ed  by  Mr.  Berry  the  ulceration  was  confined  to  the  eyelid.  The 
fttptomB  vary  with  the  beat  of  tbe  initial  lesion  and  the  condition  of  the 
regards  immunity  ai^'Jiinst  vaccinal  inoculation  O.  -).  26.  56). 


FronUefMhigh 


-VKcinla  Hmfnilt«»t1  \iy  mitp-ifmralsttou.    I'ocks  ftom  v«rloiu  \mx\»  ot  th»  body.   ■•  numwiml 

*  I  in.  tn»M-  ■  .    ■  '  :  In.    Tlie  drawlujc*  wt-rf  tuoAtf  .m  ihi>  Lint  U»y  ttXrr 

iMttiia  :  I-  v  I ,  ariil  •   kikI  /  abHiiit  iA  ;  it,  •bout  1^  huuni.     Tlititv  wa* 

MnAiUiiituil <.j  ;  111)  truc<  uidiiraCioii.     lu  tbe  cauU«  uf  '  iuhI  /  til«m 


infectifni  of  a  mother's  eye  by  her  child's  finger  may  result  in  a 
[^<ievoloped  vitcciue  vesicle,  infection  of  the  ohild'.s  own  eye  after  the 
iy  may  result  in  an  abortive  pustule,  or  in  an  ophthalmia  such  as 
prwiuced  by  any  chance  contamination  with  pus,  as,  fur  iiifttiuico^ 
rbnea.     Althouf^h  the  name  of  vaccine  ophthalmia  has  been  given 
[mffection  (Saemisch),  there  does  not  seem  to  be  any  ade*|uate  ground 
>poeing  that  it  stands  in  any  essential   relation  to  vaccinia,  or  is 
than  a  purely  accidental  iromplicatiun.     An  inquiry  by  Hulke  into 
aUegv<]   occurrence  of  blindness  amongst  the  pupils  at   the  Ko\'al 
College  for  the  Blind,  Upper  Norwood — in  which  institution,  if 


in  any,  sucli  cases  would  probiii>Iy  be  found — resulted  in  the  eoricludoB 
thAl,   of   ci(j;ht  eases  alleged    to  bo  caused  by   vaccination,  »v 
conclusively  proved  to  be   due  to  some  other  cause;    and  in  ^ 

doul>t.ful  case  Hulke  found  no  grounds  for  nttnbuting  tho  event  in 
caUHe  alleged.' 

One  other  form  of  accidentjd  auto-inocubttion  calls  for  s^wctal  noG 
since  mi8Utk«*s  in  diagnosis  might  occasion  much  utinecessary  ilii 
Cases  have  been  recorded  (16,  54,  55)  in  which  soi-ea  were 
around  the  anus,  and  on  the  mucous  membrane  of  the  vuli^i,  hy  (4r 
accidental  transference  with  the  fingers  of  pus  from  the  varciiwt^il  ara. 
It  \&  hanlly  necessary  to  point  out  that  such  sores,  especially  if  mnneniiii 
by  the  contact  of  the  purts  antl  ulcerated,  might  be  looked  U]iOQ  u 
venereal  (;is  has  actually  been  done)  if  due  care  were  not  exercised  A 
knowledge  of  the  possibility  of  such  an  occurronco  and  the  history  of  tit 
case  ought  to  prevent  this  eiTor,  even  if  (owing  to  the  i>o3itJon  of  lhc«i% 
and  the  stage  of  evolution  of  the  original  vaccine  vesicle  frvm  whidi  lit 
infective  material  was  derived)  the  characteristic  np{)earatK-«  'i  li^ 
vaccine  pock  should  have  been  losL 

A  definite  case  of  local  confluent  vaccinia,  in  which  the  cmj 
became  gonerulised  by  auto-inoculation  and  possibly  idso  by  nhMtqtiid 
of  the  virus  through  the  digestive  tract,  has  been  rocordeil  by  uiy> 
In  this  CJise  it  would  seem  that  tho  abnormal  conditions  wt-re  prinuri^ 
duo  to  some  pecnliarity  on  the  part  of  rhe  child,  sincu  the  lympli 
was  tho  forty -second  remove  from  thu  calf ;  and  ihrrt>  otlirr  children  wm 
sueeessfullv  vaccinated  from  the  child  wiihriut  eoniplicatiuii  of  »ii(  1^""' 
The  lymph  was  tracetl  backwards  and  fom'ards  for  three  gcinr  > 
and  twenty  five  children  in  all  were  examine<l  in  immniiate  reUij<"j 
this  particular  case.  The  only  abnormality  detected  was  thai  in  fn'T  «* 
of  eight  children  vaccinated  with  lymjth  from  the  »amp  source,  iiu  rrfnb 
followed  :  whilst  in  one  L'hild,  in  the  fourth  remove,  twidvc  au|>emoiDfl»rT 
pocks  appcare<l.  A  brief  chronological  summar)'  of  the  case  is  pivw  N 
reference  : — 

*  In  eompiirisoii  with  the  nbovu  it  may  he  interMtlup  to  peconl  T>r.  Rrwittrv'*  Am.  ^' 
no  763  |M>nomk,  nlin  Tar  mouik  caUhb  ot  otiivr  hail  hmt  an  ^yt^ :   1  r>  > 
from  »ui»H-})Ox.  of  vrbuiu  7  (-(S  iwr  citit)  wure  unVHcuinuti'd  an^l  -' 
Avartugi!  «jr«  of  9-9  yeurti,  4  with  no  viu'cioatiou  jwor  at  an  <iv«n^  »Kr  •*>  -  ^  yi-ni-  .  - 
>tcur  at  ail  a*<>ni}^  ii^>e  of  20  yrars,  2  with  two  vcvn  at  on  tvangt  agr  of  28'&  jrrank 
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K.,  ti't.  three  months  ;   Yacoiiiabcd  ^rith  humanised  lymph.  42iid 
>ve  from  calf.     Generalised  vaccinift  ;  Death.     (Figa.  15,  16,  17.) 


ITint  wenk 


wtfftk. 


we^k  . 


A  irwk 


week 


«-oek 


wwk 


9th  NovQiubur  1892 


16th  November  1892 
23rd  November  1892 


30th  November  1892 


Ui  r>ecenit>er  1892 


Mth  DccpmlKT  18P'J 
17th  Duceinlier  1892 


2Ut  Deouoilwr  18d2 
2&th  D«»mbor  1892 

27lh  DacemboT  1892 


Vacciuation  with  bumauUcd  lyiuph, ' 
forty-wrond  remox-o  from  calf.  I 

(Of  oiglit  vaftinationb  by  three  vac- 1 
ciuM4)rtt  with   Iytn|'h   from   Mine , 
sourci",  fuiir  wtfL'  uii-iuci-'ussful,  but  ■ 
witiiniit  com])Ui:atiDii  or  ftbnonniil 
result. ) 

Ias]ieotion.  Four  healthy  vesioles 
to  hII  appL'ai-anoea  iioninil. 

Tbd  four  ])o<:ki4  coslut>cefl  into  onOf 
ami  bcramp  covert-d  with  dark  hniwnish 
gruen  Kuib.  ImniiiiiTiibli'  MToiidary 
I>ook«,  at  (irst  ve**ii'ulftr,  fiiriuwl  rouud 
pointe  ot' inoculation,  cf.  Fig.  \'.\. 

Sccondarj-  emiition  piij-ttilar:  n  Urgv 
pock  apitcarml  on  bnck  of  head,  xvhi^ 
evt^utuafly  M-Ahbcd  and  drie^i  U|k 

(I'ocka  apiK^urcd  on  fucu,  arms,  legs^ 
al.H)itini*ii,  nnil  tbij^lis.  > 

Thv  !tii|tt<ruiiinorar.v  |>ovkii  at  iK)iDtK 
of  intiorrlon  conflimiit ;  ovouUially  a 
Inrmj  iii>t'n  noru  foriiu'd. 

No  improVftiK'iit  in  cliild'8  condition. 

Piilv.  Jiyd.  c.  crvta,  ^x.  \  (<iv«n  three 
tircM  a  day  with  somi-*  imjtroveiuent. 
Pock  forTiif^d  nlN>rc  iiiniT  angh-  of  left 
orbit. 

Vcstolo  foruiing  Whim]  right  ear; 
tliis  al»ort*il  within  21  liours. 

Child's  oouditiou  wor-**.'.  31other*s 
Or«a«t:  becanio  iuoculatvd  from  sucklJDg 
tlie  child.  PtK'k  rioi  a  uornial  course. 
HuUk'I'  hai]  nut  boeu  niv^aroiiiated. 

Death. 


Hhiere  is  no  evidence  to  ahcw  that  such  cases  are  dne  to  any  partieulai- 
rtun  of  lympli,  whether  hiinttLnit^od  or  tjikcn  direct  from  the  calf  (51, 
i  > ;  they  are  of  great  rarity,  and  must  lie  repirded  as  accidental  com- 
icatinns  rather  than  ns  essential  elemonts  of  vaceinatinn. 

Siifh  a  ca^e  iw  thjil  narrated  above  opens  out  the  whole  ijuestion  of 
Qet11.1l  iuimunity,  which  it  wonld  bo  impossible  to  discuss  at  any  length 
this  place.  If  the  observations  of  Cory,  Trousseau,  Mognier.  r>nnumt- 
l'j\r,  I>amascliino,  Besnicr,  jind  litliers  are  eoncUibivu  and  hual.  there 
'vjilodce  to  shew  that  in  ordinary  circumstances  the  receptivity  of  an 
*vidiuil  to  siictessive  viiccinationa  in  scties  gradually  diniinisjie-*  during 
^pGond  week,  and  ugiially  becomes  extinct  before  the  fourth. 
^Bory  (9^:)  found  thjit  when  vaccinations  were  performed  in  series 
^B  single  insertion  on  t>ach  of  eleven  successive  days,  those  made 
*t  the  ninth  day  were  unsuccessful,  and  lie  concluded  that  imnumity 
|_  attained  at  this  fieriod.  It  is  certiiiu  that  during  the  first  week 
VHCcination   an   individmd    may   )>e    readily   revaccinated   or   may 
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contract  small-pox  ;  for  it  does  not  appear  that  any  considerable  degree 
of  immunity  is  established  until  after  the  pocks  have  reached  maturity. 
Immunity  probably  reaches  its  maximum  about  the  fourth  week  afwr 
vaccination ;  but  the  standard  of  resistance  varies  with  each  indi^'ida&l, 
and  probably  also  with  the  dose  and  activity  of  the  virus.  In  the  cax 
given  above,  pocks  continued  to  form  for  thirty  days  certainly,  and 
probably  longer;  so  that  no  rule  can  be  made  imiversally  applicable. 
Vaccinia  generalised  by  auto-inoculation  may,  however,  be  expected  to 
occur,  if  at  all,  before  the  third  week  after  vaccination. 

Great  variations  may  be  met  with  in  susceptibility  to  vacciDJa  u 
well  as  to  small-pox  or  any  of  the  acute  exanthems.  It  is  commonlT 
recognised  that  one  attack  of  small-pox  readers  the  individual  more  or 
less  immune  against  contracting  the  disease  again ;  and  similarly  thti 
one  successful  vaccination  protects,  at  any  rate  for  a  time,  against  the 
probability  of  a  second  successful  inoculation.  But  it  would  seem  that 
in  some  persons  one  attack  is  no  safeguard  against  a  second.  This  is  veil 
illustrated  by  a  case  which  came  under  the  notice  of  Prof.  Clifford  Alibutt, 
in  which  a  woman  had  small-pox  three  times,  and  was  also  three  timei 
successfully  vaccinated.  Such  a  case  seems  to  set  at  defiance  all  lair* 
deduced  from  ordinary  observation,  and  may  be  regarded  as  the  excepdoo 
which  proves  the  rule.  The  foUo^ving  table  gives  a  brief  outline  of  the 
facts  : — 

1858. — A,  B.  ;  bom .     Mother  developed  small-pox  when  infant  w« 

eight  days  old,  and  child  had  it  in  a  mild  form. 

„         When  three  months  old  successfully  vaccinated  (three  8cai¥, 
1881. — Successfully  revaccinat^d  (two  acara). 
1883.  -Mild  attack  of  small-pox. 
1892. — (September).      Successfully  revaccinated  (two  scars). 

„         (November).     Unauccesafully  vaccinated. 
1893. — Unsuccessfully  vaccinated. 
lS9(i. — Very  mild  attack  of  small-pox  ;  (but  indubitable,  T.  C.  A.i 

There  is  strong  evidence  that  this  persistent  falling  away  frcm 
immunity  in  this  respect  existed  in  other  members  of  this  patients 
family. 

Vaccinia  haemorphagrica. — Besides  the  cases  in  which  the  seqneBCt 
of  events  and  the  appearance  of  the  eruption  are  analogooB  i«' 
those  found  in  the  acute  exanthems,  there  are  others  in  whkli 
the  patliological  position  is  at  present  doubtful :  in  these  cas«s 
vaccination  is  followed  by  an  eruption  which  is  more  or  less  "  hfemor 
rhagie.''  The  eruption  may  vary  in  intensity,  from  the  faintest 
petechia'  to  jienerai  ha'monhage ;  and  may  be  characterised  by  a  ^'J* 
soattero<l  peti-cliia',  subcutaneous  ecchymoses,  or  severe  hamorriagf 
from  mucous  meml^ranes,  such  as  ha-maturia.  Such  cases  are  extremely 
iai<' ;  and,  althoui^h  tiiero  is  no  direct  proof  of  it,  they  are  probaW^ 
analogous    to   tiie    well-known    cases    of    htemorrhagic   small-pox  M" 
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fei'or.^  They  are  too  few  in  nunil)er  to  warrant  any  opinion  as 
causation ;  Imt,  apart  from  any  peculiarity  in  the  lymph,  it 
be  expected  that  riuch  CDmjiliaitinns  wouUl  occiisionall}''  uritH*  in 
ic,  fiichitic,  and  cuchoctic  children  ;  the  cause  which  determines 
ifltuie  of  the  eruption  Iwing  rather  the  condition  of  the  child  than 
abiH^misdity  of  the  lymph. 

fftcclnla  grangrenosa.-  —  A  (JiscaHc  closelj*  allied  to  generulised 
iuu,  if  not  a  moditication  of  it,  has  been  flescril>e>l  by  Mr.  Hutcbin&oii 
Blokes  (54),  Dr.  Crcwkor  (11),  and  othera,  under  the  name  of  vaccinia 
niiasii.  It  is  to  be  regretted  tliat  this  name  haj>  been  used  for 
tier  affection  of  quite  a  ililVerent  character  ;  namely,  Uxiil  ganp^rcne  or 
at  the  iwiiit^  of  vaccination  (4(iA).  Vaccinirt  gan^^enoaa  is  an 
tflxanihem  occurring  at  the  end  of  the  first  or  tbo  early  part  of 
)iwi  week  after  v;iccination.  The  erujition  begins  in  the  form 
ete  papules  with  an  inflamed  base,  which  ulcerate  and  scab  over, 
ling  under  and  round  the  scab,  while  the  ulceration  extends  both 
ith  and  latemlly.  In  this  w:ty  a  centnd  black  slough  is  formed, 
b  after  it«  removal  leaves  nn  ine^nhir,  iiidnmltliy  ulcer,  often 
faiverbanging  edges.  The  ulcers  may  be  single  or  confluent.  In 
■ocker'a  wiao,  from  which  the  above  description  is  taken,  the  largest 
ftvcre  }  in.  in  diameter  and  \  in.  in  deptk^  Mr.  Hutchinson  con> 
ffthat  the  diagnosis  of  these  cases  lies  between  variola,  varicella,  and 
riia  ;  aiifl  Dr.  Crocker  inclnde^  in  his  accuimt  of  the  diseji^e  a  fourth 
ion,  "dermatitis  gangrenosa,"  inde|iendent  of  any  one  of  those 
id,  and  prol»ably  due,  as  he  believes,  to  Bome  iJathogcnctic  or/^anism 
Ubly  the  h'ndllujt  j/ijvofancu^.  It  is  not  yet  possible  to  state  the 
ie  tehitionship  of  these  cases,  but  it  seems  certain  that  the  ei  uption 
«  deiermined  by  vaccination,  and  probuble  that  the  disease  is  a  true 
them,  jKjssiltly  allied  to  sniaU-|xix  nr  chicken-pox;  but  there  is  no 
nee  to  decide  whether  it  be  due  to  a  mixed  infliction,  or  is  the  direct 
t  of  a  specific  virus  acting  upon  an  individual  whose  tissues  are 
ad  by  F^yphilis,  tnl>ercuh»sis,  ricket*,  or  other  c(insliluLion;d  mahidy, 
nrhich  have  ^wen  considered  as  favouring  its  production, 
raema. — Vaccination  is  performed,  in  the  majority  of  cases,  at  a 
d  of  hfu  when  eczema  and  other  inflammatiuns  of  the  skin  are 
'inely  common  ;  and  it  is  no  wonder  thai  the  o|>eration  is  jiometimes 
red  by  an  acute  outbreak  of  siuh  disorders.  I  have  not  mot  with 
Me  in  which  it  seemed  probable  that  the  affection  was  transmitted 
be  operation  ;  and  in  many  cases  which  have  come  under  my 
mtion,  and  which  have  been  recorded  by  others,  the  acute  attack 


m 


Roorded  by  Dr.  Gregory,  Bergemn  and  Bfutbelemy,  Dsacliex,  Lc  pp.  137 


'ur  iUiixImtjoiiN  m>v  Mr.  EIiiluUiDMin'a  paper  (29)  and  Dr.  Oocker's  Ating  n/  f/C/tfotr* 
*h"»<.  pi.  xli.  lig.  1, 

(r.  Hiikhiti<Miti  ntm  (ior.  cif.  p.  5j  to  nindels  20(1  uid  209  tn  cbv  (JnyV  Uotpltal 
lu,  w1ii4'l)  he  ))L'1ijHVi9«  to  be  lAkt-u  frnm  cfuuni  <tf  VArirtjIIa  ^ui^^nnHa.  lie  nlun  htjvi'a 
ow  to  othvr  cnsw  liwitli**  hi*  own.      Set-  al.to  A  rehires  of  Surj/fry,  vol.  iii.  1^92, 
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following  vaccination  or  injury  to  the  scab  is  merely  a  rccrudtucaw 
a   pre-existing   condition ;    or   is  an  exfircbsion  of   a  family  trnilnKT 
(!)ut  of  a  total  of  394  cases  of  alleged  vaecinnl  injury  which  hare 
or  less  directly  come  ntidcr  my   notice  during  eigfat  years,  tblrtr, 
tt^»l>ut  7T>  per  cent,  were  caaee  i»f  non-spcciAc  skin  eruptions  ^  and 
does  not  seem  to  be  any  reason  to  suppose  that  vaLciaation  is  ibc 
cause  of  any  large  number  of  severe  cases  of  eczema. 

The  statistics  of  600  cases  of  eczema  which  had  been  under  tkecut 
of  Dr.  Colcott  Fox  shew  that  24I>  (41*5  per  cent)  cume  under  treatsMS 
before  the  oiid  of  the  first  year ;  and  in  forty  of  those  cases  ocir&A  ■ 
known  to  have  occurretl  before  vaccination.  Of  1()1  cases  in  which  tto 
date  of  onset  is  recorded  the  eruption  commence*!  in  eigliiy  l«efijre 
end  of  the  third  month,  and  in  sixty-nine  during  the  next  three 
This  seems  to  give  prima  facie  ground  for  supi>nsing  that  vjirtiantion 
not  responsible  for  any  considerable  increase  in  the  number  of  eu«i 
which  is  the  conclusion  drawn  by  Dr.  Kox.  At  the  same  time  ii  t&iM 
be  noted  that  there  is  a  definiLo  rise  in  the  numbers  in  the  fourtliuil 
in  the  ninth  months,  the  ]>criods  at  which  the  irritation  uf  «'secii»ti'>fi 
and  of  u^ething  respectively,  might  be  expected  to  come  into  play 
numliers  are  jis  follows  ; — 


6-  7  months  10 


7-   H 

»i 

4 

R-   9 

•• 

23 

910 

») 

1 

0-n 

»• 

I 

1-12 

*t 

3 

0-1  month  33 
1-2  months  22 
£-3  „  2.'i 
3-4  „  39 
4-6  „  23 
6-fi       «         7 


In  some  instances  an  eczema  u*hirh  has  been  intensified  by  vacdniU)'^ 
fiubsorjiK'ntly  improves;  but  as  a  rule  a  prc-i-xisting  eczemH  ii  ■•* 
distinctly  worse  by  vaccination,  and  nut  only  is  it  undesiraUt  10 
vaccinate  an  eczemat^us  chiUl  on  account  of  tht*  risk  of  aggravatinf^ 
aiTection,  but  also  because  there  is  danger  of  causing  a  ^nenbN^ 
vaccinal  eruption  on  the  afTcH-'ted  parts. 

Impetigro  or  Porrlgro.- — The  occxirrcnce  of  this  contagious  affp 
of  the  skill  after  vaccination  is  little  to  Iw  wondered  at  when  the 
ditions  under  which  the  children  of  the  \\oox  have  to  live,  an?  taken 
consitieniti(tn.  In  any  circumstances  pus  is  rwulily  inrH'tdatciI  from 
individual  to  another,  so  that  local  su}>erHcial  sores  are  prodt 
and  when  such  a  source  of  contagion  is  introduced  into  a  honivl 
where  the  inmates  are  dirty,  illfwl,  and  overcrowiled,  it  is  obvio*** 
ample  opportunity  is  affordeil  for  the  spread  of  a  purulent  afffttion 
from  and  t-o  a  vaccinated  child.      I   liave  seen  cases  of  imftcttpi  w| 

■  3««  Cmo  25,  Ap|>.  ix.  R.C'.V.  16»«,  ]>.  241.  Aud  Cue  98.  p.  j}79.  mX 
102,  ]27,  Mc 

^  Pnr  platofl,  MO  AttttM  •/  ItUtOMtM  q/  tfu  .Sfeim  New  KjrdpithMii  Sixitty, 
pt  xxviii,,  Kntl  AUoM  uf  ih"  himtJtM  %\f  the  Skin,  \vf  IL  fUdclHTe  tVixkOT. 
xxxw.  and  xli.     ff.  jO»"o  Ca-sen  24,  82,  l2fl,  IPfl.  \\y\*.  \%.  R,f.  V. 
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ori^nated  from  injury  to  the  veeidfls  by  dirty  sleeves,  dirty 
,  dirty  iiight-ciulhes,  by  expojiure  to  infectiou  fi'om  purulent  di»- 
I  ill  other  chil'ii'cn,  by  scratcliing  the  vfiocinntiun  wonnda  nnd 
ting  distant  jwirts  of  the  body  with  the  finger- imil^.  A  case 
rportcd  to  the  (Jomiiii?isiou  hs  one  of  vjittinal  injury  in  wliich  the 
irias  wearing  u  hat  the  lining'  of  which  wuh  si»tktKl  with  pun  fruui 
«tigo  which  had  occurred  a  year  previously.  This  instance  well 
hfies  the  lack  uf  attention  to  ordinary  cloaidiiiess,  which  is  often  a 
Eact4jr  in  Vjringing  nliout  Mkin  eruptions  uttriltuted  to  vuecination. 
is  unnecessary  to  iliscusa  this  question  at  length  :  it  cannot  be 
d  that  inipt*ttgo  may  follow  any  wourifl,  vaeciiutl  or  other,  in 
pus  is  formed  ;  and  that  the  liability  to  the  uHection  is  enoraiously 
by  wnnt  of  cleanliness  and  Uul  hygienic  surroundings.     It  is 

EWrious  question  whether  these  disordera  are  ever  actually  eom- 
d  by  vaccination.  Impetigo  is  no  doubt  due  to  the  presence 
pgenutic  cocci  in  the  discharges,  so  that  it  is  possilile  that  some 
f  care  in  the  selection  of  the  vaecinifer  might  lead  to  the  iiioenla- 
f  one  child  from  another.  I  have  oidy  investigated  one  ca»e  in 
there  was  any  evidence  that  such  communication  might  have 
tid :  and  in  this  instjince  the  vaccinifer  flid  not  begin  t^i  suffer 
impetigo  until  some  days  after  the  lymph  ha^^l  been  taken  from 
m,  so  that  there  was  no  proof  that  the  child  was  capable  of 
nnicating  the  dise-ase  at  the  time  that  he  \si\s  used  .m  a  vaccinifer. 
iko  possible  that  lK>th  vaccitiifer  and  snb-vaccinee  may  have  Mitfered 
nhe  subsc<picnt  eruption  in  consequence  of  uccidenial  contamination 
le  vaccination  wounds  by  the  lancet  used  for  the  operation.^ 
I  foreign  countries  groups  of  cases  of  impetigo  have  followed 
aiion  in  such  a  manner  as  to  leave  little  or  no  d*>u)it  that  the 
on  was  communicated  by  the  operation.-  The  lesson  to  bo 
d  from  these  cases  is  obvious  \  nauiely,  that  there  is  risk  in  using 
ndividual  auH'crlng  from  a  communicable  disease  as  a  source  of 
u 

inea  tonsurans. — The  accidental  inoculation  of  the  trichophyton 
^ns  in  the  process  of  vaccination  has  been  observed  abroad  (HftgiU', 
iadt),  but  I  am  not  aware  that  any  case  hits  iHieiured  in  Kngland. 
many  other  commnnieable  skin  diseases,  it  is  common  in  [foor  and 
f^l-for  children  ;  and  it  i:i  not  surprising  that  in  rare  inst^inces 
tion  should  be  the  means  by  which  it  ifl  transmitted  from  one 
to  another. 

imphigrus  ;  Psoriasis. — The  occuirenco  of  these  affections  after 
Ltion  hat-  lieen  recorded  (Dauche/  (14),  Kioblanc,  llowc,  and 
)  :  anr]  there  is  s<:»me  (•vidence  that  in  rare  instances  the  virus 
causes  them  is  transmitted  by  the  operation.  A  valuable  con- 
on  to  the  discussion  of  the  subject  will  be  found  in  a  paper  by 

Cue  180.  Appw  Ix.  R.C.V.  p.  366. 
Ptlrit.  lae.  eft.  p.  72.  iui.l  Thinl  lU-port  B.C.V.  18!K).  p.  ISB.  .m.i  IV-iper.  t.t,.  «7. 


Pr.  Bowen,  in  which  he  pefera  to  a  series  of  cmcs  of  infectious  peni] 

fr>lio'n'ing  vaccination^  and  also  to  Htialogoiis  cnses  (iucludiug  thoae 
by  Pornot  4or))  in  bntrhera  anH  othet-a  hanilHng  iinimnl  product*. 
It  would  appe;ir  fnini   tlu'^e   observations   that  in  some  ex« 
cases  n  caiisul  relation  may  exist  between  epizootic  dihwijic  i' 
bullous  eruptions  ocfumtig  in  individuals  who  have  Inx-n  vai- 
lymph  <l*Tivt*(l   from   jin   infeoterl   animal.       There  is,    howevLT.  ttn<] 
evidence  that  in  some  of  the  recorded  ca«e«  the  individual  vactirut«il 
predisposed  to,  and  had  sutfured  previonKly  from,  skin  eruptions  linili 
to  those  which   ap[K'ared   subsequently  ;  and   that   in  othcm  thr  ri 
vjccinubf!!  was  in  a  rachectic  condition  as  the  result  of  t^onic  alfr 
which   had  lain  ilortnant  until  rotised  into  actinty  by  the  constitutit) 
disuirl'itnco  of  vacoinatir>n. 


The  influence  of  the  exanthems  on  the  course  or  vaccination  i»  i 
easy  to  <leterniine.     Tl  is  eeitaui  lluit  «uch  clmMiic  or  subamii' ^lifr 
as  ccKcma,    imiietigo.   and   {Msaibly  pson;i.sis.  are    not    uncommon 
of  genoniliaed  va'cinia  (./.r.  p.  tj79)  ;  but  though  there  l*  mhiii*  eiTiiw* 
to  shew  tlmt  an  acute  B|>eeifie  fever — such  as  chiekeii-pox — can  di!t«niii» 
and  precipitate  a  general  cutaneous  vjurciiial  eru]>tion  it  is  cortain  thai  ^ 
person  suffering  from  scJirlet  fever  or  measles  can  Iw  vnccinatocl  ^riiho 
prudui'ing  any  deviation  from  the  normal  ap{)c&mnce  of  the  nub. 

Tlio  difficulty  of  arriving  at  any  precise  knowledge  on  these  poii 
is  grcJitly  increased    Ijecause   the   n;llUR^   ext<'nt,  and   variety  uf 
vacciojd  cniptioiH  have  liiUiertu  received  in;ulc<juate  rrat^nttinu ;  w' 
cases  of  generaliswl  v:K'»:inia  havu  been  regai-dod  us  sm;iJl|)tJX,  anil  c**" 
of  erythematous,  vesicular,  or  fmpular  eruption!^,  as  scarlet  fever.  tkiAtt 
pox,  or  measles. 

It  is  proltably  rare  for  vaccination  to  bo  complicated  In*  any  ow 
the  acute  .4)>ccitie  fevers ;  and  still  more  rare,  should  this  luip{ii*n,  for 
abiioi-mality   to  oeeuf.      In   isolated  eases  it  is  often  a  maM4!r  of 
dilficuity   to  deciile   wliether   an   erythematous  rash   is  scarlet  fowrj 
whether  a  vesicular  r^iah  is  chickon-iiox.     Cases  have  come  uwlfr 
notice,  aa  well  as  under  ihiit  f>f  oth(»rs,  in  which  there  were  gmantl*! 
supposing  that  errors  of  diagnosis  had  1>een  made  ;  as,  for  ioFtanct*. 
ill   which  a  simi»le  vaccinal  eruption  had  been  regarded  as  ovi*leoori 
ill  vaccinated  syphilis. 

It    would     nctt    be    unreasonable    to    suppose    th:it    the  courw  wJ 
vjiocination  performed  during  the   incubation-fH^riod  of  scarlet  fever 
measles   might   be   disturlied,    and    that   the   tissues   At    the  pifin^  | 
inoculation    might    undergo  necrosis    sinu'lar    to  that  which    t»cctm 
noma  or  cjuicnim  oris ;  but  even  if  such  c»sea   do  occur,  tlu'v  uri*  »o 
that  we  are  compelled   to  regard   them  as  accidental  compbi      i 
are  ineviudtlc  in  all  conditions  of  life,  and  of  fiatbologica]   iiii< 
than  of  clinical  importance.     Dr.  Hopwoml,  for  many  years  rwidrnt 
the  Loudon  Fever  Hospitid,  informs  me  that  he  has  binutelf  T&ociM* 
a  considerable  nuuibor  of  persons  in  all  stuges  of  ecorlet  fever,  anil 
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n  nrniiy  tn  Hiriiiiar  oircuin*«tances  vHCcinateil  W  others,  without  any 
I  resnill.  He  has  alati  seon  jiersoim  vac'i'iiiatiMt  f<h(irtly  before  an 
■dc  ol  sdU'lel  fovor,  in  whom  no  sei-ious  compIicjLtions  hiivn  rcsullod. 
Wtjnutin;;  the  imporUiiiL-e  of  facU  oIihitvihI  by  the  resklorit  tuiidical 
cet*  of  A  well-equipped  hospiCAl,  it  niiist  be  lK>rne  in  mind  thai 
idnntion  wounds  arc  much  more  likely  to  pursue  a  iioiTna!  course  in 
I  fJusnly  conditions  of  a  bnspitiil,  than  in  the  crowtled  and  often 
hr  KUrrounding»  in  wtiicli  many  ehildien  arc  conipeMiH!  to  live  ;  and 
^  given  u  case  of  vaccination,  complicato*!  )»y  scarlet  fever,  in  some 
>cr*bly  |Wor  home,  it  will  be  well-nij;h  iniiMwaible  to  decide  with 
Uinty  which  of  the  many  unfavourable  conditions  had  been  nmlnly 
Immental  in  bnnging  about  any  abnonnal  result  which  may  occur. 
There  is  re;won  to  believe,  however,  that  under  favotu'able  conditions 
tiul  vaccinia  can  run  parallel  with  BCiirlet  fever,  chickcn-[>ox,  and 
u  with  small  pox,  if  the  hitter  bo  contnicted  before  immunity  is 
ireil. 

The  influence  of  congenital  syphilis  on  vaccination. — The  statement 
not  infr*'<)uently  been  made  that  it  is  ditficult  or  even  impossible  to 
iiin  a  normal  vaccine  vehicle  in  a  (^liihi  who  ie  snflerin^  from  cou- 
ital  syphilis  (5).  This  certainly  is  not  the  case.  If  the  child  be  not 
hectic,  vaccination  may  pursue  a  normal  coiuse,  and  the  vesicles  may 
Ijooil.  jrinn^'  no  indication  whatever  of  the  danger  of  collecting  lym]>h 
m  them  for  further  vaccinationn.  This  \%  of  the  utmost  importance 
the  seloction  of  a  vacciniforif  humanised  lyioph  is  used.  If  calf-lymph 
uaed,  a*  it  may  now  always  be,  this  risk  ciin  l>e  entirely  avoided.  The 
gliosis  of  congenita!  syphilis  must  1h3  made  from  an  exiiminalion  of 
'  child,  and  a  knowledge  of  its  family  hifitory;  and  no  reliance  whatever 
Mild  be  placetl  on  the  api>earance  of  the  vaccinated  arm.  If  the 
idiiattid  child  lie  cachectic  there  is  a  dangei'  that  vaccination  may  be 
Wed  by  ulceration  or  sloughing  at  the  point  of  inoculation  ;  or  that 
Je  one  of  those  complications  may  arise  which  occur  in  feeble 
Idren.  who  have  little  or  no  power  of  resistjuiee  against  local 
Unniation. 

The  influence  of  vaccination  on  latent  disease. — Sympr^ims  of 
'fnLi,^  tuberculosis,"  congenilJil  sjpiiiiis,-  sometimes  occur  after 
-•inalion  ;  and  the  lesions,  without  adeqxwte  ground,  are  apt  to  be 
ibutrtl  directly  to  vaccination.  It  is  in  accordance  with  ordinaiy 
ical  obsen'ation  that  disease,  hitherto  quiescent,  should  bo  lighten]  int.o 
Vity  bysome  factor  which  is  not  si>ecifically  concerned  in  its  causation. 
i>»  a  mechanical  injury,  an  acute  specific  fever,  prolon;(;cd  anxiety,  or 
iffieicnt  foo<l,  may  be  followed  by  pulmonary  or  meningeal  tubercle, 

some  other  local  manifestation  of  tulwrculosis. 

{though  the  vaccination  ago  luis  been  p(»stponed  from  three  to  six 

.Va  131,  p.  a07,  and  Xo.  187,  p.  374,  AppentUx  U.  R.C.V.  1896. 
)87.  p.  TiX. 

'  Vn.  227.  p.  43:1 :  No.  a09,  p.  -ISK  ;  uid  cf.  Oum  IDS,  p.  3S6  :  202,  p.  3«9  ; 
«t7,  l-^  nl. 
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months,  primur}'  vaccinations  are  not  infreqnently  perforniofl  at  or  al 
the   period   when  symptoms  of  congenitiil    syphilis   muy  be  expectn! 
declitre  thenaselves;  antj  cases  bave  come  umitT  ray  dJiservatioii  iii  whi 
chiltinin    known    to    have    been    previously    pufl'erin^    from    conpfnit 
'philia  have  been  vaccinated  with   humanise*!  lymph,  and  in  wbom  t|i*i 
^subsequent  cvitJences  of  syphilis  have  been  put  domi  to  vocrinution.'    U 
a  purticulnr  instance  it  may  not  be  easy  to  prove  that  a  Iwion  vhicik 
follows   vacdtiation   is  not  directly  the  result  of  the    operation;  hal  b 
most  instances  the  history  of  the  case,  if  fully  inqniretl  into,  will  rii« 
conclusive  f!\Hdence  as  to  th«  real  oi-ii^in  of  the  malady. 

On  drug'-eruptions,  which  may  be  mistaken  for  vacoinal  rasbeB.- 
The  possibility  of  a  post- vaccinal  rash  being  in  reality  due  to  iW 
internal  administration  of  some  drug  must  not  be  forgotten.  BdU 
donna,  the  bromide.^,  and  possibly  the  iodidoft  and  ursenic,  are  wK 
infreijuently  fjiven  to  children,  even  to  infants,  and  when  it  ia  momb- 
liercd  how  susceptible  some  individuals  are  to  such  drugs  and  vW 
a  variety  of  crtiptions  are  produced  by  them,  it  is  little  to  be  wowimii 
at  that,  in  rare  instances,  a  dnig  eruption  is  mistaken  fur  a  ^Twcinal  nih 
fJromidc  of  potassium  is  coTisidered  by  many  mnthern  to  l»e  n  «i*  A»i 
innocuous  sedative,  but,  as  is  well  known,  it  may  produce  ait  »'">'"■ 
infinito  variety  of  skin  eruptions,  such  as  papules,  tubercles,  v- 
pustnlcR,  bulla',  the  lesions  being  often  extensive  owing  to  the  «nipti  "< 
l)ecoming  confluent. 

These  and  similar  complications  are  not  sntfiL'iently  common  i  ■ 
them  of   importance,   but  the   iKjssibility  of   their  uccun*enco  m'"' 
necessary  to  bear  them   in  mind   in  making  an  inquiry  into  an  xiixxi^ 
case  of  supposed  vaccinal  eruption.^ 

1  CiuM  Ko.  3*J7,  p.  413:  Nn.  SOO.  \>.  438 ;  Ami  oL  Cum  ]D8,  |i.  39*;  SOi  ^V^- 
hihI  !('2f}.  ]i.  447.  /i>r%  cil. 

^  K(ir  au  exIiHUKtivtf  OL-cniint  of  ilrug*«rU{itiniuv  iwe  P.  A.  Morniw  (4aal. 
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iMitT  HI 
Vaccinal  Injurikh.     Allkukd  axd  Ukal. 


[ntroductlon. — The   pnictice   of   vactitintion    Iijlk    >H!en  o|)(icsKi  o" 
tliree  prjimds:  — (».)  Tlworrtkal      It  is  said  that  vaccinm  and  fonoli*** 
totally  distinct  di-seaHes,  atid  that  tho  inoculation  of  cow-|»ox  ilocir»** 
therefore  exercise  any  speciflc  pruteclivo  |K>wvr  HgAirist  snmll  iK>iti!' ^^ 
(ii.)  Stufistu-at      It  13  staled  that  so-called  cow  pr)X  is  nothing  cW  Ui^^-*" 
human   variola  artifiiially   ti-unsrnilted  ;  and  that  statistics  of  snuUf'*--^ 
epidemics  demonstrate  not  only  that  vaccination  does  not  protect  agiu^^ 
smallpox,  but  that  it  actually  causes  it.*     (iii.)  I'rartieal.     Uiiilla!^^^ 
that  the  injuries  c;iuBcd  by  vaccination  are  so  numerous  and  $o  l^flih^^^ 
that  there  is  no  jusLiHcation  for  the  continuance  of  a  pnwtice  whicliii^^^ 
be  powerless  for  guo<l  (211a). 

This  IB  not  the  phtce  to  discuss  the  first  two  pro p<;iBit ions,  frkidi. 
both  wore  true,  would  be  mutually  destructive.     The  tliin!  propoetH^^'*' 
namely  that  whieli  relate*  to  the  extent  and  severity  of  vaccinal  inju'w^^ 
is  one  which  deserves  the  most  careful  study.      U  is  alle;i:ed  that  jyiAit^** 

'    Vogt,    Adolf  (Bwii).    M^mirriul   antcemtti*;   thf    Kffrd   (/    Vncrimatinn. 
p.    rtO'i,    *' M«nitity  of  Variola,  Vaooiiia,  ami   Vttri<»lH    Vi?r»,"   «Iiap.    viii.   p.   7"' 
ivpi>l«ruic»  pro^liieeJ  by  Vncciue  Inoculalion."     Piper  fnrH-anlrtI  to  ihit  Rojral  ' 
OB  Vaccination.     Appen<lix  to  Sixth  Report  RC.V.  p.  rtSip  -•/  «fq. 


taberculofits,  And  other  diseases,  smch  as  cancer  nnd  Itijuts,  have  been 
fiKKtilated  al  the  time  of  VHfcinaiion  ;  am]  that  pyirmia,  erysipelas,  and 
Bjous  othtT  intlamniatiny  .iH'eL'tions  result  diieetly  from  the  operation 
^|t  IS  at  present  |>frfornie<l.  Sy[ihili8  mthI  ttiberculusis  havt*  not  in- 
'fref|uently  been  inoculated  in  the  rite  of  circnmcision  {'20a,  LUb),  in 
latuwing  (13b),  jind  in  other  pui-ely  accidental  ways  (13a.  S-Jl:).  ]t 
might  therefore  seem  proliahle,  on  a  fnwn  ground*,  that  in  the  pnictice  of 
ncdiintion  there  was  real  danger  to  be  apprehended  from  the  inoculation 
of  these  ditteaaes  when  the  u^e  of  humanised  lymph  was  tlie  lule  instead 
otf  w  It  tlie  present  liuic  the  exception.  The  pnrjKise  of  tlte  following 
|agea  is  to  inquire  how  far  these  allegations  are  borne  out  by  facts  ;  ami, 
if  4ilmitteil  to  be  suhstantialty  correct,  to  endeavour  to  asceriMiii  in  what 
proportion  of  Cjises  injury  was  found  to  occur  Wfore  the  inlroduction  of 
caJMymph  into  general  use. 

P' JV*''  itiflurncf  uj  tticciimliou  im  ijevrrai  itiftiu/Uf  mintnUtfi  was  epilomiKed 
tbe  Final  Report  of  the  Hoyal  L'ommif-bion  on  Vaccination,  puiagraphs 
r  titid  37s,  p.  Uut^  in  the  following  passage:  — 

"Without  encunihcring  our  re|K>rl  witli  th«  details  relating  to 
pya^ift,  bronchitis,  diarrhu*a,  and  skin  diseases,  which  are  all  said  to 
have  increased  owing  to  the  mischievous  influence  of  vaccination,  we 
[Day  contidently  say  that  there  is  no  evidence  to  justify  the  st^iienient, 
ft  in,  however,  worth  while  i)oiniing  oni,  that  comparing  as  before  the 
Jeriod  18S3-S7  with  the  period  1803-67,  the  increase  of  dwilhs  under 
"le  year  of  age  frtmi  diarrhtt'a  and  dysentery  in  Leicester  was  A '2  per 
P'*t,  whereas  in  Fjighmd  and  Wales  it  was  O'ft  per  cent.  A  similar 
^pnrisoD  in  resftect  of  bronchitis  shows  the  iucrejise  in  Leicester  to  he 
*2*i<  |>er  cent,  in  Kngland  arid  Wales  73'3  per  cent.  It  seems  dear 
•t  as  rog:irt]s  general  infantile  mortality  Leicester  has  m»t  gained  by  its 
't^idajici:  of  vaccination.  Whilst  in  Kngland  and  Wales  ihu  nioitidity 
<^fcihlren  under  one  year  of  ix'^e  had  btitwcen  the  periiKis  selected  for 
•Uparison  decroiised  75  per  cent,  in  Leicester  the  decrease  was  only 
l^per  cent.  I'pnn  the  whole,  then,  we  think  that  the  evidence  is 
H^irholming  to  shew  that  in  the  cose  of  some  of  the  diKUises  referred 
^■Vaccination  cannot  have  produced  any  eH'ect  upon  the  mortality 
Hi  them,  and  that  it  has  not  in  the  c:Lse  of  any  une  of  them  increased 
^  mortality    to  a   substantial,    we    might   even    »av   an    a]tpreciable 

H^at  harm  ocaisionally  results  from  vaccination  in  individual  cases 
Hvot  be  doubte<l;  hut  whether  the  numlier  of  cases  in  which  injury 
^oRieted  be  large  or  small,  it  is  interesting  to  note  that  the  annual 
*»ntile  death-rate  has  not  increased  since  v;M;cination  w;i8  made  com- 
laory  ;  it  has,  in  faet,  diminUheil.  (See  Final  licport  li.C'.V.  p.  1*^2, 
*^  385.)  The  actual  numbers  are— I83S-42,  152  per  thousand 
f-lhs;  1847-50.  164:  1851-(iO,  154;  18C1-70,  154:  1S7I80,  140; 
iNI-90    142;    I89M900,  154;   1**01-4,  140. 

is  obnous  that  these  figures  give  no  certain  data  for  determining 
!lual   number  of  deaths   which   result  directly  or  indirectly   from 
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vaccination  ;  neither  does  the  dirninution  in  the  annual  death-rate 
that   no  deathfl   rt)8uit  fimin   the  upemtion;  but  thoy  indicate  Cbu 
appreciable  increase  in  the  death  rate,  whether  due  to  vaccinatioa  or 
h;i3   occurred.       There    are   also  other   data   avaikble    for   (ominf 
reasonably  accunite  cstimutc  of  the  fncU. 

.SV/r/w/trs  of  Pfittfts  and  Injunrs. — The  numlicr  of  doatlis  or  of  »n«!i; 
injuries  which  i-esult  annually  from  vaccination  may  lie  arrire<l    ' 
considerable  certainty.     From  the  li«giatrar-(5onerarf:  returns  it  i: 
that  in  the  years    I88I-8I1  the  number  of  deaths  certified  as  cii' 
with    vaccination   wa«  47ti.   or  nearly   53  a  year.      During  the—'  ninr 
years   0,739,902  jirimary  vaccinationa  were  jjcrfonnwi.     Thi«  civ«m« 
average  of   1  death  to  14,159   primary  vaccinations.      Durin. 
yejira  from    Ist   November   1888   to   30ih  Novendwr  1891, 
cases  of  injury  were  inquired  into  liy  the  medical  departnieiii    ;   h 
Local  Government  Board;  and  from  lat  June   1889  10  Ist.fuly  l>'i'i, 
421   jwiditional   cases  wore   irivo8tig;ttefl   by   the   Koyal   <.'omDii*i<m  m 
Vaccination.     Of    the   eases    imiuircil    into    by   the  luteal   '  * 
Board,  Dr.  t'oupland  and  I  came  to  the  conclusion  that  in  ap 
20  jier  cent  the  influence  of  vaccination    w;u*  doubtful.     i}i  iln-  ■■-- 
investigated  for  the  lunitnifision  by  Sir  '1'.  Bjirlow  ant]  myself  al^in   '' 
per  cent  were  probably  altogether  unconnected  with   vaocinalion ;  wbJe 
of  the  C4i«es  inquired  into  by  l>r.  Lufl*,  nearly  40  per  cent  are  plowd 
him  in  the  same  category.     As  these  figures  arc  and  caii  only  \*c 
as  au  approximation  to  the  actual  facts,  it  is  prolHiblc  thu  no 
error  will  be  made  in  supposing  that,  of  the  total  C2(5  cJises  invpfU 
some    20   |ier  cent  may  be  set  aside  as  unconnected  with  vtccituti<>n ; 
leaving  49r»  cases  of  death  or  vaccinal  injmy  which  have  lieeii  a(l«i))iAiclj 
inquired  into  during  the  eight  years;  this  gives  an  annual  avpr»gt< 
Gl*3,  or  a  slightly  larger  numljer  than  that  which  is  arrivwi  at  from 
Kegistnir-Oenerars  returns,  which  refer  to  cases  only  in  which  d«ftth 
occurre<l.      During  the  four  years  lOftO.'i  the  average  numtier  of 
certified  as  due  ti»  cow-pox  and  other  eflects  of  vaccination  wiw  cot 
ably  less,  amounting  only  to  22o  per  annum.* 

From  these  stJitements  it  will  be  seen  that,  however  valuable  U> 
community   at  large,   vaccination   is   not  exempt  from  that  liability] 
accident  which  exists  in  all  human  affairs.     Operations  of  a  tririal 
sometimes  prove  fatal ;  and  even  that  most  beneficent  means  uf  all«T 
ing   pain    which    Ims   been    univer.sall}-    adopted — the   ailministntii'ip 
amesthetics — is  not  unattended  by  risk,  and  occasionally  results  in  ilr 
The   percentage   numl»er  of  deaths   which   occttr  annually   in 
from  cldoroform  is  far  gicater  than  that  which  results  from  VHcciTvH 
It  is,  in  fact,  nearly  seven   times  as  great ;  and   though  the  risk 
ether  is  much  less,  the  percentage  number  of  deaths  per  annum  ti 

^  Dunne  t)>v  yvan  1S90-99  lincliisivu)  tliv  avenw' immWr  of  idAlli*  .• 
"cow-pox  luid  otiior  cltrcts  of  viuritiatiuu "  wiut   44*7.       Daring  tbi-  yr . 
nvt.-rTMO'  niiiiiber  wiw  only  'I'l'^i  \iKirly.      The    aunilvr  at  v»mn»tim»  iliirin;  tl"--  ^*^  *' 
■J.ril*,firt4,  !Ui  ayt-niR*-  of  1  tlfiitli  to  S0,-1S  |ititii»ri'  vru-riimliottft. 
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•  indirectly  to  anaesthetics   is   RppreciaWy  greater  thnn   that 

follows  viiccination,'  while  the  t<jUiI  number  is  appruximately  the 

It   cHrinot   be   Hr^it^d    ihiit    the   ran^    fnUilitieH    atienHant    upon 

ition  An?  anthoient  f^roiiiul   f<>r  lejectiii^  th*;  practice  if  it  can  be 

Iwneticifil  on  the  whole.  If  the  practice  of  vaccination  is  to  be 
'  (liiMiredited,  it  must  be  by  shewing  that  the  injury  thereby 
d  on  individuals  is  out  of  all  proportion  to  the  gooil  which  is 
by  the  community  ;  and  not  by  exaggemlinj;,  distorting,  and 
lying  every  iso]ate<i  insljince  of  injury  which  occurs.  The 
Dg  pj»gc-s  Avere  written  witli  tho  object  of  ■'jtatiim  fuirly  what 
t  und   kind   of  injur)-  were  inflicted   by  vaccination   at  a  periivl 

which  there  w:u  a  keen  desire  on  the  i»art  of  those  oppo«e<i  lo  the 
e,  to  report  and  have  inquiry  made  into  every  case  in  wbicli  injury 
h  was  alleged  to  have  resulted  from  the  operation,  and  with  the 

of  asceitaining  how  much  of  it  was  inevitable,  how  niiuOi  pre- 
le,  and.  by  pointing  out  the  dangers,  to  shew  incidentally  how 
jf  the  nsks  mi^ht  be  avoided. 

this,  as  in  other  branches  of  pathology,  it  is  incumbent  on  the 
1  ])rofesaion  to  impose  ou  itself,  us  a  condition  of  asseniing  to 
)ctrine,   the  obligation  of   setting   forth   conscientiously   all    that 

said  agiiinst  it,  no  less  than  all  th.'it  can  l>e  8;iid  in  iU  favour, 
rsipelas. — li^htiti'  imj'ortnnct^  of  iitjfonuituhrf/  amtpHctiti&n.s. — Amtmg 
mplications  of  vaccination,  those  are  most  to  Iw  dreaded  which 
mmon  to  all  woutids.  Tlie  m^wt  grave  are  erysipelas,  cellulitis, 
ion,  aWcss,  and  aepticapmia.  None  of  these  are  peculiar  to 
ition ;  they  constitute  the  dangers  of  any  local  lesion  of  the  skin  ; 
Itisidcring  the  age  of  the  chihlren  vaccinated,  the  cotnlitions  under 
thousjinds  of  ihera  live,  and  the  trealment  to  which  in  deliance  of 
I»8t  elementary  principles  of  cItuLnlinesa  the  wounds  are  oft*n 
iwl,  it  is  surprising  that,  as  investigation   proves,  ho  few  cases  of 

complications  have  occurred. 

I  relative  importiince  of  these  inflammatorj'  com  plications  may  be 

d   from   the   fact  that  of  205   c-ases  investigated   by  the   Local 

fement  Board,*  and    1*^0   cjises  investigated   by  Sir  T.  Harlow  and 

f  (II)  (all  of  which   have  been  fully  iinjiiire«l  into,  and  as  far  as 

placed  under  ilefinite  hea<lingH),^  13-1  and  94  respcctivi'Iy  come 

the  cntegoty  of  "inHammatr»r)'."*     In  other  woitls,  of  394  oises  of 

vaccinal  injury  recorded  during  the  years  1888-1895  with  which 

u  ijnlel>t<?fi  to  Hr.  ('hiliU,  -((vrRtJiry  of  tlu-  AiiiC5thctiiA  ConniiittAe,  Brit.  Mm]. 
jou,  ntul  to  Mr.  G.  Kowcll  of  Ouy'-t  Hi)M]<itnl,  fur  the  iictuu]  tiKiir<<<i,  »bicU  are  x« 
— DpAtlis  from  nu(wthrfl04i  tvooMwl :  1891,  4fi  ;  lSti2.    II  ;  1SS13,  -Hi;  ISUl.  OO  ; 

:  1896.  Si  mootlis.  4S.     Thv  il<>iitlH  fVoin  t!li)i*t->ifunn  luo  mtifililr  1  in  2O00.  ith<I 

r  1  m  aO.Ot'O. 

aiial>«tH  jitejmrvd  liy  Dr.  (.'iHtpliiii']  niitl  Dr.  T.  D.  Aclaml  or  llie  Kf]Hirl«  iniuk' 
^•ctor*  of  thif  IxM-al  GorerniiiRtit  Brxml,  Ait{)<-n«lt:c  \x.  Xo  Kiii.'»l  ftfi^rt  R.f'.V, 
I). 

%£•«  fignrcN  ttn  not  fHve  the  total  iiuiiilvr  of  cmt*  {iiveKtigiUrd  1>y  tho  mrdirnl  «fKven 
"^     imi<«{<i».  Iiiit  TvtvT  only  to  tlnwe  reported  ou  hy  sir  T.  Bnrlow  nti<l  my-*!!. 

clnoMtticAtkin  mloptci),  we  AppcnilK  ix.  /'k;  cH.  p.  2. 


[  hacj  directly  or  intlirectly  to  'leiil,  no  les*  than  57*6  per  ctmi  rataht4^ 
fixtm  one  or  otlier  of  the  ^jtecific  foiins  ttf  inHaminution.     The  purceal 
is  iilraost.  certainly  higher  than   this ;  since  manv  of  the  raa«ct  in  wl 
th«  suspicion  of  invuccitiatKi  syphilis  h;is  h(!Oti  raiRed,  proved  on  iiiti 
gation  to  he  cnscs  of  vaccinal  ulcemtion,  or  sonic  other  such  lesion; 
roiL'ht  properly,  therefore,  have  Ix'en  inclurlod  in  the  inHAinmfttorjr 
Thu^  appioxiniaU'ly  60  per  oMit   of  Jill  r-jwes  <»f  vuecinnl  injui 
country  timing  the  period  umler  consideration  were  duo  to  som« 
inHanimiLtion  ;    erysi{M}la8  being  the  most  imporuiril  and   of   the 
frequent  (K:currence. 

To  form  some  cstimAt«  of  the  frequency  of  post-vaccinal  erysp 
civer  H  Otifinite  soricjs  of  yearrt,  recourse  may  he  had  to  the  si.i 
cliaiciU  facts  which  were  hiid  liefore  the  Vnccimitidn  I'oni; 
It  will  ho  seen  from  the  rotunis  of  the  Registrar-General  ftir 
that  dining  tlie  years  (IS.'JS-ISeS)  imniedialely  prect-diiig  the 
niuking  VAccinntion  compulBory  in  Scotland,  28*36  per  cent  of  nil  AtHh 
from  erysipelas  occurred  during  the  firet  six  months,  and  r»0"2  p<r 
in  the  second  ifix  Tuonth>^  of  life ;  and  Uiat  during  the  ypjtr*  (1'^''*'" 
which  iionK-dijiicly  followed  the  passing  of  tlie  Act,  the  numhrn 
-2S*8s  and  5:Ho  per  cent  respectively.  This  shews  coiicltt^ively  lial 
new  cause,  resulting  in  a  diH'erenl  distrihution  of  mortality  fmo 
erysipelas,  came  into  phiy  in  consequence  uf  the  piusing  of  Lhe  Vw< 
Act.  Again,  the  Leicester  statistics  shew  that,  comparing  the 
lS.s;j.|8S7  (at  which  time  vrtccimttioii  hm]  largely  fullen  into  a! 
with  the  years  1863-67,  the  infant  mortality  from  erysipelas,  whiAi 
England  and  Wales  had  decreased  16*7  per  cent,  in  l^iccrtrt 
increnswl  41'ri  |H)r  cent,  The  comjjarison  here  nuuln  is  het"< 
Leicester  and  the  whole  of  England  and  Wales,  u  compiriAon 
perhujis  strictly  exact ;  hut  the  figures  are  remarkahlc,  atui 
the  conclusion  that  the  neglect  of  vaccinattun  in  Leicester  diil  not  ii 
rate  lessen  the  nmn1»cr  of  deaths  from  erysipelas  amongst  the  infl 
population. 

AVv.vi/)/'//M  luay  he  ileHned,  acconling  to  pix«senl  know]  ^n  •(*♦• 

specific  intlammatiun  of  the  skin  caused  hy  tletinile  iniii  -iiw, ifi^ 

char.'icterisi'd  (i.)  by  a  tendency  to  spread,  raoKtly  bv  continuity ;  and 
by  a  general  intr^xication  running  parallel  with  the  hxvil  inftammattofi 

It  has  hccn  suggested,  without  adc(|uatc  proof,  that  eiysiiMiUs  fol 
ing  vaccination  is  "ast^igo  in   the  evolution  of  ei>w-|K>x  " — "a  thni 
hack  to  oni!  of  the  original   characters  of  that  comiuunirablc  infecti 
( H ) ;  and  that  it  is  *'  the  prime  note  of  vaccination  "  (3 1 ).  The-se  hy^ 
were  anticipated  )iy  Bohn,  when  some  thirty  years  ago  ho  wrot# 
"the  clear,  pure  lymph  of  a  true  Jennerian  vesicle  possoswe*  the  pow< 
engendering  erysipelas."     It  does  not  admit   of  donht  that  thew 
ment^,  made  in  the   Hrst  two   instanc<*s  with   the  object  of  bringinf 
practice  of  vaccination  into  disrepute,  are  not  founded '  upon  any 

>  It  U  uot  of  luiy  practical  ini|>«>rtAacn  wlietlier  Jemufr  tbouiclit  that  tli«*  iai 
excite*!  hx  tlie  cow-pox  wu.«  *''<rj^ipelntou«"  or  tioL     Thrrr  l«  uo  tiecoKlty  for  It 
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IB  than  tliat  eryeipelae  sometimes  staru  from  the  vaccination 
I  {t  niiiy  start  fruin  any  woutkI. 

xesiMo  that  the  virus  of  erysipelas  has  iK'eii  on  very  rare 
introiluced  with  vaccination  ;  but  no  proof  l)us  been  brougbt 
dhew  that  th<f  vaucine  lymph  commonly  t^onUniiH  this  vims,  or 
tolas  is  u  necessary  or  essential  iwxrt  nf  vaccination, 
r,  Crookshank,  Laininiann  (23>,  Kiuisnlo.  Sternljei*;,  C<>ijetnan, 
a  have  demonstraUHl  {a)  or^ianinnm  cn|Ki,hl4?i  uf  producing 
in  the  vaccine  lymph  ;  but  they  have  also  shewn  that,  so  far 
Itnowledge  goes,  none  of  these  or^anisum  is  the  sjieciKc  organism 
J;  and  (i)  that  vaccine  lymph  which  has  been  deprived  of  all 
iving  pyogenetic  organisms,  still  pr<Kluces  the  characteristic 
'accination  (!26).  It  follows  from  this  that  complicutions  which 
m  the  presence  of  the  Strfptoeoccux  pinnjcnen^  rn/sttprliihs,  or 
logenetic  organisms,  are.  so  far  as  can  at  present  be  stated. 
and  in  no  way  an  integt:al  ptirt  of  the  jM'oceas  of  vaccinntioiu 
kann  (2i)  has  shewn  that  lytnph  which  docs  not  contain  any 
rho^onetic  and  but  few  saprophytic  organisms,  gives  uriusu;il)y 
lA  when  UM**d  for  vaccinatitin.  In  forty  [»ei'sons  vaccinated  with 
h  the  areola  did  not  in  any  case  exceed  ^  inch  in  breadth  ;  and 
experiments  led  him  to  the  conclusion  that  the  inflammatory 
which  not  inf]*e<pieiilly  follow  vaccination  are  mjiird}*,  if  not 
ue  to  the  presence  of  extraneons  pathogenetic  organisms  in  the 
]'hese  researches  prove — 

lat  the  vims  of  erysipelas  is  entirely  distinct  from  the  virus  of 
nd  has  no  necessary  ])athologica!  connexion  with  it. 
hat  it  is  possible  to  preiwire  vaccine  lymph  entirely  free  from 
logenetic  orgatusms  which   are   knowti   to  excite   the  specific 
iHammation. 

'hat  Viiccine  I^Tnph  freed  from  all  Iiv*ing  pyogenetic  or  sapro- 
anisros  has  not  thereby  lost  its  [>ower  of  producing  characteristic 
»icled.- 

"hflt  lymph  containing  the  streptococcus  of  erysipelas  may, 
e  be  suflicient,  excite  erysipehis  starting  from  the  point  of 
u 

rathatioTtrfnTwd  of  Eofsn'prh^. — ^Much  eWdence  luw  been  jwldutec^ 
in  which  the  initial  lesion  wa^t  known,  to  show  that  this  peri<Kl 
short  as  two  hoiu-s,  and  pnssil>ly  in  exceptional  cases  as  long 
lys.      Thus  in   thirty -<>ne  out  of  thirty-sii-v   cases  recorrled    l>y 


miiwlt!4l||((!  of  lr>-(lay  hy  'ttJitnuiciiL-'  uhvlt?  lootr  ttuu  100  ynikr.t  Agu  [I71>9).  See 
iiWiinuF  VH  Ote   X'ariUtr   Vurciutr,  hj    ISdunnl  Jt'Ulier.       Repritite'l  I'jf  E.  ClWill- 

p.  nr. 

A  in  the  itit,ro«Iiiction.  p.  6rt(J,  tliew  ii*  some  gn>uuil  Tfir  bclicvitiFr  tlmi  vnccitiiu 
1  *p«vilif  coutugtiiiii.  iiitliniie^li  it  U  uot  ciipnbli-  nf  (^rtiltlvntioti  nu  <irrltunr.v  inrdiii. 
ODcltltlctl  th»i  Liu'  tliLviiie  finiH  U  coiilAtneil  in  tiic  Itvliii:  r^fllular  <.'leliii>iJU. 
iomi  of  lMwl*rimn  hits  yrt  Ufa  inltivuU-il  oiiUide  the  ImmIv  lapnlile  of  proi|iiiTJn|j[ 
ne  ptK'kit.  [Ittfc,  cit.  p.  9,  ifA'.  for  a  sutniiiary  uf  Itiv  viirinif  opiiu<iiis  ou  tItU 
no  rf.  p.  rS4. 


Tillmanna  it  was  three  <Uys  or  less  ;  And  in  a  large  nuijoritj  of 
was  less  than  sixty  hours. 

Tiif  Lfmjth  of  the  /iiriihaiiim-prriotl  uj  Post-vacrmal  KrysipeiaM  ■ccnn  1« 
correspuinJ  with  Tillmiinns'  nliscrvalions  ;  since,  i»  many  caMs  in  wfcjtft 
theru  has  been  evidence  to  shew  that  the  lymph  was  at  faulu  ifae  ciTsipeiii 
began  at  an  early  }>eHtKi  after  vaccination ;  that  is^  within  the  tinik 
of  time  which  experimental  or  accidental  inoculation  has  shewn  totx 
prohuble  incuhatioti-period  of  the  dise^ise  ;  and  it  may  be  6tatc«i  gi 
that  the  so*jner  after  Vaccinalioii  erysipehis  oceui^  the  more  idoAjl 
is  to  have  been  invnccinated.  In  u  }p'eat  majority  of  case^  poil-Ti 
erysipelas  )>e^ii)s  (hirinj^  the  second  week  after  the  ofHsration,  ata 
when  the  nr>rniiil  incnhation-period  of  erysipelas  has  been  exceed^ 
when,  pus  having  formed  at  the  point  of  vaccination,  there  is  n 
"nidus"  for  the  recuption  of  any  of  those  wimnd  infeciioiis  «hdi 
fre(jiicntly  follow  mechaniial  injuries  resulting  in  a  brciieh  of  surface. 

Whether  erysipelas  inoLiiluted  at  the  time  of  vaccination  can  jmsxt 
dormant  for  days  or  weeks  is  a  iiuestion  lo  which  at  pi-esent  no  definiii 
answer  can  be  given.  ik>me  of  the  coincidences  which  have  oomo  naii 
my  notice  are  remarkable.  For  instance,  eleven  children  wore 
on  the  same  day  (2)  ;  in  one  case  oidy  two  pocks  foniied,  and  on  ll 
day  this  chiM  Wiis  rcvaccinated  from  one  of  his  eo-vaceini.'tia,  in  two 
Both  these  children,  who  lived  many  miles  a|)art.  and  as  far  aa  I 
ascertaiti  never  met  again,  and  wore  not  attended  by  tlie  same  doetar, 
sickeni.rfl  with  erysipelas  within  twenty-four  hours  of  ono  anoth«r 
the  twenty -sixth  day  after  vac4?inAtion,  and  died  within  four  dayiof 
another,  thirty-nine  and  forty  days  after  v;icci  nation  re-spcctively. 
anotlicr  case  the  vaccinator,  apparently  ill  at  the  time,  died  of  vxjuftk 
four  days  after  ins|>ecting  a  child's  arm  which  was  inHamed.  Thr  rhJ 
dieil  four  days  later,  also  of  erysipehu*. 

In  1891  I  undertook  a  series  of  experiments  on  calves  and  raMd 
with  the   object   of  determining  (if  possible)  whether,  if  the  vivu 
erysipelas  be  inoculated  simult^meously  with  vaccine  lymph,  the 
can    remain    in    abeyance    nntil    the    formation   of    the    pustule  uo 
eighth  or  ninth   day.     It  is   conceivable   that  ^nih  a  weak  vim*  is 
stronj^ly  '*  n-fnu.t^jry  "  iiiflividaal   the  ap])earatic-e  nf  erysifK-lii*  mi^^ 
(lebiycd  until  the  resistance  of   the  tissues  had  1)een  overcome  bjr 
formation  of  pus  at  the  point  of   inoculation  ;  and  that  a  do«(  o( 
virus,   which   in   ortlinary  circumstancfj!   would   have   Itecn   inoticraril 
mi^'ht  then  give  i-ise  to  symptoms,  after  the  normal  incnlwitiim jai 
(about  three  days)  of  erysipelas  had  jiasswl.      Thesi*  ex|>erimtints  di<i 
however,  rfolve  the  problem  completely;  the  conditions  were  neci 
so  ditferent  from  thtkse  of  vaccination   that  any  deductions  made 
them  would  require  ligorous  criticism. 

In  the  numerous  cases  of  jMDst- vaccinal  inHammalion  which  I 
investigated  I  have  found  that,  as  a  nde,  when  erysipelas  occunrd 
than    three  or  four  days  after  vaccination,  it  \vm<.  impOi^siMe  t«i  ui 
adequate  proof  that  it  hiul  liecn  invacciuated,  or  that  it  was  dim  lu 
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^  of  the  iiiBtruinents  used,  or  to  some  ikct  on  the  ^rt  of  the 
wr  at  the  time  when  the  openitiou  was  |ifrformed. 
»  oj  rtifcinal  Ery$ipeUts.  —  In  the  foUowinj;  oases  of  \iiccinul 
M  there  is  sntficioiit  evidence  to  justify  the  conclusion  that  the 
>r  method  of  vaccination  wus  the  aitujvl  cause  of  the  dison^f. 
Two  cliildren  were  vaccinntod  with  human  noti-jilycerinnted  lympli 
[ti  tuW'-i ;  l>oth  of  them  died  with  symptoms  of  general  diffuse 
Ation  of  thtt  »kin  which  spread  over  tbo  entire  hody.  In  the 
ild  the  intlammation  was  well  mnrkotl  by  the  thii-d  i\Ay  ;  in  the 
thild  the  first  vacciiiation  failed  entirely,  but  it  was  revaccinated 
le  same   source:  "soon"  afier   the  second   vjiccinalion  the  aim 

reil  and  swollen,  and  by  thti  fourth  day  the  inHanimiition  hai] 
»  the  elliow.  The  tube  from  which  this  revaccination  wjis  marie, 
}ther  of  the  same  Iwtch,  were  examined  by  Dr.  Klein  with  the 
;g  results : — (a)  The  former  shewed   the  presence  of   numerous 

of  the  streptococcus  of  erysipelas  ;  {/>)  the  latter  yielded  etdtures 
if/tftrrtrr.tu  pf/w/ews  fUl/ii.i  lujur-'irms.  These  ca«e»  supiwrt  the  helief 
nph,  contaminated  with  s|>ccifio  organisms  in  sufficient  ijuantity, 
«xi>eeted  to  show  the  results  of  the  inrnulation  of  such  organisms, 
•  vacciruition  be  successful  or  not ;  and  may  ^ive  rise  to  load 
tns  within  a  few  houi-s  of  inoculation,  l>cfore  the  vaccine  vesicle 
1  time  to  arrive  at  maturity  :  tliat  is  to  say,  the  coui"se  of  the 
as  in  all  probedtility  will   not  be  delayed  by  the  vaccination,  but 

the  same  an  if  inoculation  with  the  micro-oiganism  hud  taken 
»rt  from  the  vaccination  (3). 

?ive  children  were  vaccinate*!  with  human  Iy!uph  from  the  same 
(4);  in  four  of  these  erysipelas  subsetiuently  appeared,  and  one 
The  vaccinifer  sickened  with  erysi[)olas  ten  days  after  lymph 
Ml  taken  frfim  its  ai-m.  'J'ho  cases  sue  noteworthy  for  several 
: — (rt)  It  will  Ite  seen  from  the  following  table  that  the  severity 
lymptoms  varied  inversely  as  the  length  of  the  incubation-perio<^L 

the  suli-vaccinees   of    the   vaccinifer  (who    himself   subsequeiUly 

from  erysipelas)  did  not  surter  fi*om  crysi]>elas  ;  one  escaped 
';  the  others  suffered  in  varying  degrees,  and  tlic  initial  symptoms 
d  at  varying  internals  after  inoculation. 

se  gradations  in  the  severity  of  symptoms,  and  length  of  in- 
i-period,  are  in  harmony  with  what  is  known  of  such  factors  hh 
vindence,  and  receptivity,  which  determine  the  effect  produced 
:n  virus. 
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Cask  No.  115. 

Table  shewing  date  of  appearance  of  ervsii)ela3,  etc.,  in  a  vaccinifcr 
and  four  aub-vacciiiees. 


No.  in  Rppi-sttfr 


First  8]i- 

iif  ErvHi- 
pela.t  nft^r 
Vaccina- 
tion. 


Severity. 


Conrj*^. 


Hfvii: 


Vaccinifer- 

Sub-Vaccinees — Xo.  106,  51.  H.  '  6  hours 


No.  157,  A.  S.  1  17  days  1  Slight. 

Great    ditruac  I     Acutt- 


I  Sul>acute.  I  Recoven-, 


Do. 

Do. 
Do. 

Do. 


No.  163,  B.  S.  I  16  hours 

i 


No.  165.T.\V. 


Death  I'll  I'liit 
I     day. 


swelling  ; 

abscesses.        i  | 

Great    diffuse    Subacute.  '  Abs>;l'.SIt!'^  "u 
swelling ;  '     si^iilj),     »■■»• 

pyieniiu.  |  r     iiuU,  ^lioul- 

der  -  joints 
'     wrists,  ♦■tc. ; 
I     not  fatal. 
No.  164,  F.  H.  .    5  days    !  Less     severe  ;    Subacute.  ]  Recover}. 
I  '     no  suppura-  ! 

tion.  I  ! 

1 9  <iay.s  I  Less     severe  :  |  Chrouic.     Eet-overy. 
axillar}*    ab-  i 
scess  after  5  j  i 

:  I     weeks. 

No.  167,  T.  0.  '    Nouc     I  ...  I         ...        '  Vacciniti'-n 

I  •     normal.  Sii 

I  '  I  I     chililrt-L  »u'.- 

I  i  j  ^    ceisfally*!'- 

I  I  I     cinatP'i  fn'Qi 

j  '  I     tliisra-s,'. 

I  I  i 


3.  In  another  seiies  of  cases  there  was  ground  for  believing  that  anne 
infective  material  had  been  introduced  with  the  vaccine  lym])h.  Sixteen 
children  were  vaccinated :  in  four  of  them  septic  symptoms  appeawl 
within  12  hours;  in  four  within  36  hours j  in  three  within  60  hours: 
in  two  before  the  fourth  day ;  in  one  before  the  eighth  day.  Of  one 
there  is  no  record  (5).^ 

The  following  table  is  of  interest  as  shewing  the  dates  after  vaccinii 
tion  at  which  erysipelas  appeared  in  100  cases  which  have  been  ade<iuateV 
investigated.     Of  these,  ninety-six  were  inquired  into  and  rejwrted  upo'^ 
by  the  medical  staff  of  the  Local  Government  Boaitl ;  the  remaining  fo^^^ 
added  to  complete  the  hundred,  were  investigated  by  myself  (6).       *■ 
shews  that  the  great  majority  of  cases  occurred  at  a  date  after  vaccl  * 
tion  outside  the  limits  of  what  is  believed  to  be  the  normal  ineubati^ 
period  of  erysipelas.     Only  nine  cases  occuired  in  the  first  three  da^^ 
while  no  less  than  ninety -one  appeared  iluring  tlie  subsequent  weeks. 

'  'I'lie  tlehiils  of  these  I'lfes,  wliifli  were  inquired  into  by  Sir  T.  Biirlow  auil  Dr.  T. 
TIioni|won,  will  Ik-  foinnl  in  Apiwinlix  ix.  Fiu.il  KejKjrt  H.C.V.  p.  229  :  the  reports  an^^ 
.sui'h  length  lut  to  prohiliii  their  introiiuetiuii  here,  even  in  obstruct. 
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joncluaiori  must  bo  drawn  from  this  uM(^  us  to  tin?  telative  fie- 
»f  eryjsipoliis  attcr  vaccination  with  glycentmte<J  cjilf  lymph  ;  sinco 
psaibie  to  nscertjiin  ihu  tohil  nnnihcr  of  VHCcinHlions  [wrforineil  in 
I  with  lymph  derived  from  each  of  tho  several  sources  num«i 
be  iMiiod  to  which  reference  is  made,  which  was  before  the  supply 
{nftted  lymph  was  i8suo<l  to  {lublic  vHceinntors. 
I 

ln?win>i  date  of  appearance  in  loO  c^vses  of  post^vaccinal  erysipclaB 
loccurring  between  November  1888  ami  Kebniary  1892. 


t 

Er>i>iiwl»  oocnrHnfC  In 

VMlnlcii 

F 

g^      H«tW«li, 

8«ooii(l 
Wwk. 

mnl    fVnuth 
W«Bk.     Wmlu 

Wwfc. 

liav*  b*rD 

tlSKP  LVUPH 

i  First  day  3 
.„  1  Fifth  day  8 
*^  "1  Sixth  dav  y 

^Hi'.voiithd:»v4 

33 

10 

1 

•I 

\h 

fr«rni 

-J. /Sixth  day  i 
**'\  Seventh  diiyl 

8 

i 

0 

\ 

S 

• 

H.V.R.    . 

1 

T 

•  X.V.E.  . 

3 

Tliinl  day  1 

2 

... 

•2 

9d  of  preserving 

}«{ 

Second  day  1 
Fifth  day  1 

:i 

I 

... 

I 

tr  Lymph 

%.    direct    frotti 

\        ,        .        . 

3 

s 

,,, 

... 

I 

^Muroes— tnbea 

«{ 

fiecond  day  1 
Sixth  day  2 

8 

•  t> 

... 

• 

%.  iKjinU  . 

1 

... 

1 

r\'e— source  not 

Id      .         . 

1 

1 

••■ 

.. 

1 

%  and  method  uf 

Irving  douMTuI 

'I     Sixth  day  1 

(■  Sveond  day  3 
TJ  J  Fourth  day  1 

1 

br  OkioiN   WOT 

4 

BTATEti 

Totals     . 

I  Seventh  day  4 

100               3D 

40 

18          1 

3 

24 

1 

|ii8tor>*  of  the  nine  cases  in  which  erysipelas  ftuper^'ened  in  the 
e  Hays  is  important.  In  two  instances  pathogenetic  organi.sms 
(tid  in  tubes  of  lymph  from  the  same  source  as  that  which  had 
id  to  vaccinate  the  children.*  In  five  cases  there  was  Htrong 
,  for  believing  that  the  lymph  (humanised)  was  at  fault ;  since 
Ui  one  child  out  of  each  of  the  three  groups  of  vaccinees  fvac- 
m  the  siimc  day)  to  which  these  children  Itelonj^ed  sutTcred  from 
b ;  and  in  ejich  case  the  vaccinifer  suffered  from  superHcinl  in- 
on  of  tho  arm.  In  one  case  a  child  was  vaccinated  with  a  tul»e 
ti    which    had    >H3on   opened   a   week    previonuly ;   another  wai* 
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vaccitiaUHl  wheti  three  wcekfi  old,  in  an  indrmi&ry,  the  bedding  on  wfaidi  ibe 
mother  and  child  slept  having  Vieen  in  a  ward  in  which  a  case  of  eiyBipeUi 
hnil  occurred  :  the  wan!  bad,  however,  l»een  "  fumigated  "  with  sulfifaur. 
Thus,  in  all  those  canes  of  early  jwjst^vjiccinal  erysipelas,  except  pri»*ililr  iW 
last,  there  were  circumatances  which  nuikc  it  probable  that  the  er>'winjUj 
was  due  to  some  extraneous  cause  which  came  into  pUy  at  or  ftliuttt  (W 
time  of  vaccination. 

Such  cases  might  be  multiplied ;  but  enough  has  been  aiid  lo  *Wir 
that  symptoms  may  be  expected  early  in  iIionc  instam'^-s  in  »*! 
is  ground  fr»r  believing  that  erysipeliu*,  or  8fnne   »ej>tic    inl*- 
intmluced  at  the  time  of  the  oporatiun :  and,  further,  that  the  Kyi])|*t'm» 
may  vary  grtsatly  in  intensity. 

It  seems  probable,  if  one  only  of  a  number  of  children  viicciiaicil  from 
the  same  source  develop  eiysipelas  later  than  the  fourth  or  fifth  •' 
th«  erysipelas  is  duo  to  aume  exti'aneous  cause,  and  is  not  iii\  . 
On  the  other  h:md,  if  a  numl>er  of  children  Viu-cinated  from  a  c<iniiii««i 
source  develop  eryBipebis  before  the  fourth  <iay,  only  one  or  two  ul  'iir 
whole  batch  escaping,  the  probability  is  very  great  thai  the  rryuiieU' 
is  directly  duo  to  the  lymph  or  to  some  fai^tor  intro<lucod  at  tiie  (inc 
of  vaccination. 

Kr\tA\pfh\si  aUiiiiag  fi'om  ntccifniti/nt  irouttds  mntf  hf  rmntu" 
ptrrsons,  as  is  provefl  by  the  records  of  some  of  the  foundliti. 
noUibly  those  of  Vienmi  and  St.  Petersburg.      In  the  fr»rmor  no  lew  ifc^ 
31  4:7  per  cent  of  the  deaths  wjis  dn«  to  crysipflas.*     Xor  is  thii  to  W 
wondered  at:  the  children  were  vaccinated  indiscriminately,  tlie  wfa^iij 
with  the  strong,  often  when  they  were  but  seven  or  eight  cUya  ol<l    TW  . 
lymph  was  Cfi]lecte«l  by  the  atletul:t(it« ;  llie  vaccinw  |>ock«  were  plutovl   i 
with  ?.ino  powrier,  until  stinking  pus  exuded  from  boluw  the  scab  OH 
and  the  daily  b;ith  was  forbitlden.      Allusion  is  nuule  Ui  tho«  ca?«>af"^ 
they  have  Iweri  iiisbmced  by  a  recent  writer  to  shew  that  "  tht  - 
engendered  in  the  process  of  vaccinal  infection,  or,  in  other  u  . 
fraijffemtum  uf  thf  noruud  artoh  and  infiltration,  may  become  the  -^i' 
erysipelatous  contagion  Ui  other«,  just  ji»  erysifK-las  of  other  origui""'*;    , 
so  become"  (15).      That  erysipelas  following  vaccination  may  be  cf* 
municated  to  other  persons  is  Iwyond  doubt;  but  this  docji  not  pw»« 
that  erysipelas  is  an   integral   jMirt  of   vaccination,  although  it  is  t*rti« 
that    it   frequently   follows   vaccination    when    simple   and    wcU  Icww 
principles  of  hygiene  are  di8regarde<l.     In   the   Foundling  Ho?jm«i  ** 
St.  Petersburg,  after  the  adoption  of  such  oiilinary  ndi**  of  clcanlia"* 
AS  are  esscntiid   to  the  well-being  of  all  infanta,  especially  of  thi  f**^ 
or  the  vi-ry   vc^uil;,   the  number  of  cases  of  vrysipchis  wa»  rwltti»)  ^ 
two  thirds. 

No  attempt  has  hitherto  been   made  to  shew  that  the  an^a"'"^ 
forms  i-ound  healthy  vesicles  can  actually  communicate  erysipela*  to  tih^' 

'    In  WtirUfnilwig,  tliiriiif:  tin'  Miine  time,  only  one  (awe  or  poHt-»«,*cJii«l  •i^itp***" 
ii»fcrt«Mn?>I  to  bavB  occurrcft  «iiiomr*t  600,000  chilUren  Hviny  nmW  onUiiim  itwW* 


^^ 
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mtaJDA  microorgariJHniB  which  are  cnpnble  of  exciting  the 
[onus  of  inriaiuniatinn  (16).  Kven  if  itlte  ca])ubltt  nf  proof  tLit 
>la  is  cniiged  by  extniiiecius  (mtliogenelic  bacteria,  and  not  solely 
irriUition  of  the  deveiopiiiji;  pustule,   no  eviil(?ncn  lias  yet  been 

that  ihest!  organisms  piny  nny  essential  part  in  the  proeoss  of 
ion.  On  the  contrary,  the  results  ol>tfiine«i  with  lymph  frt-fil  from 
uneoiiH  Itacterift  go  fur  to  prove  tbnt  anch  (jrg;LniBmH  are  not  in 
r  necCAsary  to  the  production  of  the  specific  etfeota  of  vaccination. 
D  Tillmuinrs  cxiwriments.  and  from  clinical  observation,  it  would 
MirtAin  that  crysipela.?  need  not  necessarily  .start  frnm  the  i>oint 
tion  (9).  This  latter  jwint  is  of  interest  as  bearinj;  Uf>on  the 
I  whether  the  areola  be  "  eryiii|Hjhitons."  It  ih  certain  tliat 
M  Hiay  occur  before  the  areola  is  formcil,  as  well  ns  after  it  hius 
I;  thftt  it  may  involve  the  areolit,  and  subside,  le:iving  the  areola 
ind  the  vt'Kicles :  and  that  it  may  occur  in  a  rli»tant  part  of  the 
lile  the  areola  is  still  present. 

cos  of  JMnffci  Imkpeitiifui  0/  the  Li/nipb. — ApJirt  from  any  intrinsic 
i  in  the  lymph,  and  independent  of  all  sources  nf  danger  front 
r  methods  employed  in  ita  collection  and  storage,  there  are 
I  of  extraneous  and  often  readily  avoidable  risk  in  the  circura- 
of  the  infant,  and  in  the  melhoil  in  which  the  opemtion  is  at 
erformed.     For  in.sUince,  the  use,  in  one  case,  of  a  mechanical 

which  it  was  practically  impossible  to  clean,  and,  in  another,  of 
Htit«  which  had  frequently  been  recharged,  Imve  come  uiuier  my 
fion. 

tothcscs  concerning  the  nature  of  vaccinal  erysipelas  which  do  not 
ise  and  such  causes  into  account  are  likely  to  be  fallacious.  Tlic 
tliat  erysipelas  i»  common  in  infants,  e»pe(-ially  an  a  result  of  open 
;  and  vaccination  may  act  merely  us  the  stai-tJng-poini  for  the 
ution. 

cinal  ulceration  and  glandular  abscess. — Of  the  other  inHam- 
complications  which  have  been  found  to  follow  vaccination,  those 
io.st  frequent  occurrence  are  ulceration  at  the  jwint  of  inoculation, 
idular  alwccsR.  Nearly  4  per  cent  of  the  vjujcitial  injuries  inipiired 
the  Local  Govenmient  Board  (IH88  1891)  were  due  to  one  or 
I  these  lesions;  and  in  all  the  cases  some  extraneoufl  cjiui«e  was 
bich  might  have  determineil  the  departure  from  the  noiTnal.  An 
ktion  of  some  of  the  many  local  applications  which  I  have  known 
ade  to  the  vaccine  pocks,  and  which  may  well  be  regarded  nn  the 
cause  of  ulccrution  or  suppuration,  will  be  found  on  p.  727. 
■  on  a  large  scale,  in  times  now  long  pjist,  has  been  courted '  by 
I  a  source  of  lymph  '"The  shirt  sleeve  of  a  patient  stiti'  with  piiru- 
shurge  from  u  foul  ulcer,' — " Matter  found  in  p-eat  plenty  on  the 
>f  children's  shirts," — "  I^ymph  in  one  instance  taken  from  vesicles 

^hton,  Th/r  Xatu^rat  ttistt/ry  0/  CotOfiOfy  pp.  115-118,  f.r.  foi-  rvrvreuces  to  the 


on  the  ninth  day ;  the  vaccinifcr,  three  months  old  and  sofli 

twelve  iXR^ks,  being  c«irrie<I  (rom  village  to  villaire  urid  iii>eU 

104  children."    Thi»  list  might  Ik;  extended,  )mt  such  exumpl 

shew  the  ignorance  of  some  persons  who  have  undertaken  Uj  perf' 

nirciniilion  ;    the  re»iUts — "ileefHseated  uk-frations   and   violeni  mlUm 

niatioiiB  " — being  such  as  might  be  expected  from  such  disregard  o(  it? 

most  elementary  laws  of  hygiene  (ind  oleanlinosa. 

I  have  seen  fle\erHl  vnses  in  uliich  ulcerHtion  of  the  pockt*  gUibluUr 
abscesses,  erysipelas,  and  even  septic  intoxicjttions  followed  tiio  vaton* 
tion  (7)  of  infants  whose  conditioDH  of  life  were  unfavourable.     Anwopi 
these  arc  included  illegitimate  children  born  in  destitution,  and,  ii  our 
bo,  vaccinated  when  u  few  days  old,  in  a  workhouse  infirmary:  frc-ii'  '-- 
comparative  conifori  of  which   thvy  are  remove*!   Itefor**  the  vav";. 
arm  is  well,  to  s\UT0undings  which  could  not  fail  to  be  humiftil  erf  ^ 
ft  healthy  chikl.      It  is  not  to  lic  wondered  at  that  such  ininnts,  ill  i!oi1it*i 
and  worse  fed,  a  burden  to  their  mothers,  and  itonietimes  with  ibeir  Ht* 
insiu'ed,  should  succumb  to  an  operation  even  so  trivjjd  us  vMcinit 
No  mention  would  be  made  of  such  ciwes  hero  were  it  not  tliat  thoy  Wrf 
freiiuently  been  xnjide  the  subject  of  lcg;d  inquiry,  and  the  child**  AtaA 
attributed  to  vaccinJttion.     In  the  majority  of  cases  in  which  inflamnatofy 
comi)lic4ition5  follow  vaccination  thcro  are  numerous  factors  which  t* 
to  bring  aI>out  the  catastrophe  ;  and  it  is  illogical  to  dmw  any  d«lim 
conclusions  as  to  the  origin  of  the  lesion  without  giving  full  weigbt  ^ 
the  oxtrnnoous  influoncos  which,  apart  from  vaccination,  may  have 
brought  to  bear  upon  the  individual  ca?e.      Under  the  heading  Svphili 
p.  727,  will  bo  found  tables  giving  the  points  of  dilforonrc  iMtweon  vactii 
ulceration  and  syphilitic  chancre  ;   but  it  may  l»rietly  Iw  said  here  itol 
a  rule,  vaccinal  ulceration  is  well  marked  at  a  time  when  a  syphilitic  ctuuicrF 
would   not  yet  have  dcvelo|H)d  ;  and   that  vaccinal  eniptiorts,  if  pmeiK* 
differ  widely  from  those  which  occur  ;is  secondary  phenomena  iu  acqui 
syphilis  (cf.  p.  7JK).     Their  development  is  in'e;<ular,  their  disirihti! 
asymmetricftl,   they    arc    often    intensely   initating.   and    they  t«nd 
conform  to  the  various  fonns  of  erythema  and  urtic4iriii  rather  lh«D 
the  papular,  stjuanious.  and  macuhir  eruptions  of  secondary  sypbili*. 


I 


Ganerrene  at  the  point  of  vaccination. — In  isolated  casea  guDgKii>* 
occurs  at  the  point  of  vaccination,  and  it  sometimes  follows  vacciinUHM) 
in  syphilitic  subjects.      One  such  ca«e  is  reported  by  Tlalzer ;  one  by  ^^ 
\\'hcaton.      I  have  myself  investigated  two  cases  (8),  in  one  of  which  ^ 
sy])hilitic  parentage  of  the  child  was  certain  and  in  the  other  proh»^^ 
It  is  not  unreasonuble  to  suppose,  if  the  individual  vaccirwto<l  l»c    *^ 
subject  of  inhorite<l  disease,  and  the  opcrutinn  be  performed  wlwn    "^' 
child  18  very  young,  that  the  result  is  largely  due  to  the  conililion  of 
tissues,  and  not  ucoess^arily  to  any  abnormal  quality  of  the  lymph.    Tt 
cases  have  l>een  recorded  and  summarised  by  Mr    Hutchinson  /2U" 
which  there  was  no  known  exciting  cause  for  the  local  leKinn  vxcept  t] 
the  child  had  been  vaccimitcd  :  it  is  probable  that  none  of  tliew  cbildi 
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■A^phililic,  and  it  \%  poMtiMc  that  the  phuiKim^na  miiy  havi^  Ih-<mi  the 
jBt  ">f  itliosyiicrAsy  in  rcft^tvnce  !o  the  vaccine  virus.  Mr.  Ilntchin&on 
stances,  in  support  of  this  view,  the  nccuirence  of  noma  timl  cancrmii 
tft,  forms  of  spreading  jtpingrene  which  have  nothing  to  do  with  syjihilis, 
II  which  inny  0(;cur  iis  .se<|ii(*la  of  the  afutc  specific  fevors,  such  as 
Msles  or  scarlet  fever. 

Such  cises  hare  not  iiifreijuently  been  nii»taken  for  syphilis,  and  in 
ikiir^  the  dia^MKKsis  it  ia  necessary  to  bear  in  mind  the  natural  history 
li  evolution  of  that  disorder.     The  differential  diagnosis  will  be  fouud 

p.  727. 

Tetanus '  may  follow  us  an  accidentiil  infection  of  any  wound  :  us 
coraplicjiliou  of  vnccination  it  is  of  the  utmost  rarity.  I  ara  only 
liiaintcd  with  one  rase  in  more  than  five  million  consecutive  vaccinii- 
'ws  in  this  country  (cf.  Cose  x.,  App.  ix.  II,*'.  V.  p.  6).  and  even  in 
is  one  there  is  no  evidiince  that  the  tetanuH  wa^  invaccinaied.  It  has 
en  known  to  follow  vaccination  in  South  Africa  in  a  series  of  adult 
lives,  who  immediately  after  being  vaccinated  worked  under  a  tro}>ical 
n;  and  llirei*  series  of  cases  in  America  are  referred  to  by  Prof.  Wood- 
Ad  (Vol.  T.  p.  1042),  Siich  cases  require  no  comment :  they  only  shew 
At  ordinary  ciiution  is  necessary  even  in  90  slight  un  o]>erution  as 
icciiiution. 

Other  wound  infections,  such  as  ufitamxtelUx^  (24)  and  ic/«iw  (1) 
OhI.  are  slated  to  have  followed  vaccination,  nor  is  this  surprising 
•oaidering  tiie  vast  number  of  vaccinated  children  living  in  every 
igree  of  dirt,  destitution,  and  misery.  None  of  these  have  come 
\i\\v  my  own  observation ;  and  I  am  not  aware  that  an^'  cases 
ctin-ed  in  ihu  I'nited  Kingdom  during  ihe  ten  yeai-s  lsn6-9fi.     So  far 

the  practice  of  vaccination  is  concerned  they  ai-u  of  no  ini])ortance ; 
^  they  only  emphasise  the  fact,  which  \\tQi\^  no  dt  monntmlion,  that 
r  »ound  may  h«come  septic  if  the  conditions  Iw  unfavourable;  and 
i^  given  an  infected  wound,  the  results  will  depend  primarily  on  the 
rUre  of  the  contamination,  and,  in  a  less  dpgree.  on  the  iwculiarities 
the  iiiflividujil. 

General  Toxaemia — Nephritis. — It  is  stated  <1^)  that  a  general 
^Mnia  niiiy  follow  vaccination  similar  to  that  which  occurs  in  the 
te  exunthematjir  resulting  in  acute  nephritis  with  the  usual  evidences 
■pch  a  condition.  These  cases  are  so  rai'e  <even  if  they  are  not 
TOy  a  coincidence  of  an  acute  nephritis  with   vaccination)  tlat  they 

of  no  practical  iraporiance. 

Septic  Infection  in  relation  to  various  kinds  of  lymph. — There 

MO  accurate  data  for  dctcrniiniiig  whether  eryHil>ehiS  and  the  "septic 
actions"  are  more  common  after  the  use  of  untreated  calf-lymph,  or 

*   .%fthivt9  i*f  Itmnat'J'-jy,   1880.   p.    18S,    (MnitnhiK  i   n-fercnw   to  n  rji«?  re<-'«>rtl«l  )iy 

R,  .V/wM-TB  Clittif.  IS70.  vol.  t  y.  468,     ToniH,  Mrdiwl  .A>im,  1^1*4,  vol.  liiv,  p.  209. 

tdr  rtift-rem-j;  to  fiv«  nther  rnM*«  ;  ftymptntits  of  teUnu-i  did  not  superTone  In  aoy  of 

n'pnrlwl  cat*e-'»  n-it)>iii  Uin-e  weekK  of  vat't^inatjnti ;  «ii  tiiit  of  Uie  -leveti  ciwiea  liftTC  provetl 

U.'  Sm  iU^  IJJr, 
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humaninef]    lymph;   or  of   lymph  stored   in   tubes,  on   poinU,  at  w  i 

conserve ;  but  it  seems  certain  that  glycerinated  calf-lyiuph  afinb 
gr*>atly  increased  security  against  such  inH.tuunatory  cMnpbcatioiw  » 
lire  due  to  the  lymph  itsit'lf. 

Diffuse  inHammation  round  the  fxtcks  in  calves  is  rarely  o!«<;nfl 
No  C41SC  h;«l  been  rectjrded  at  the  Litmb's  Conduit  K«ubhshini-nt  U|)t4 
1897  ;  and  Vnigt  in  1888  hud  seen  one  catw  only  anion;.'Sl  'J.'^OO  culvMj 
in  conjunction  with  Or.  Carl  Monge,  I  have  foiuid  that  calvoi 
singularly  refmctory  to  inoculations  of  the  stivptococci  of  erysipeluifi 
in  ;t8aoi:iatio!i  with  vaccinia.  Our  oliservations,  which  have  l>ern 
borato<l  by  I>r.  Klein,  tend  to  shew  that  suj^rticial  wound,*,  nirb 
those  caused  by  vaccination,  do  not  so  readily  heconic  the  starting  pffiiiioi 
erysipelas  or  cellulitis  in  the  calf  as  in  man  ;  and  that  a  virulent  cuitun 
sufficient  to  cause  altsoessea  in  one  species  of  animal  may  not  product  uj 
eviilont  result  in  another.  These  farts  are  in  agreement  with  the 
knonn  axiom  that  the  effect  of  an}'  contagion  depends  not  only  oti  tl 
dose  and  the  virulence  of  the  poison,  but  also  on  the  susceptibility  uftb*' 
individual  inocidat«d. 

Reliance  must  not,  however,  }>e  placed  on  the  com^jarativt  m 
susceptibility  of  the  calf  to  erysipelas  and  septic  infections  t]imti|tii 
superficial  wounds,  to  secure  the  immunity'  of  vjicciiiate*!  ctuldren  (mn 
erysipelas.  Moat  of  the  intlamnmt<^iry  sequels  of  vaccination,  tf  w* 
all,  are  due  to  causes  which  are  removable,  and  therefore,  untler  rtfuin 
conditions,  preventable ;  the  lymph  itself  mrely  conlJiins  organisiw 
ca[>al>le  of  tlirectiy  causing  erysipelas,  and  it  is  prolinble  lh*i  *l' 
pyogcnetic  organisms  can  be  removed  from  lymph,  by  treating  it  wiili 
glycerin  (rrV/r  p.  761).  The  result  of  my  owni  oWi'vation  leads  mr  !•> 
the  conclusion  that  vaccination,  |>erformed  diix^ctly  from  the  c»H.  '^ 
lUftfri.t  jMril'tta^  followed  liy  greater  inflammatory  reaction  than  ^'■' 
humanised  lymph  is  used  ;  but,  as  stateil  above,  there  are  no  triisiv^  i- 
figiires  to  shew  the  ]K.'ixentages  of  cases  of  erysipelas  or  cvlluUtis  wWl< 
follow  vaccination  by  cither  method. 

In    the    earlier   days    of    vaccination,    when    even    serious   sirrfiw 
opci'ations  wei-e  [>erfonned   with  little  regard   to  clemdiness,  ami  *h™ 
the  cjiuses  and  prevention  of  sepsis  wore  not  understood,  the  collfctf"*. 
storage,  and  use  of  lymph  for  vaccination  were  not  carried  out  w   '  '' 
care  necessary  to  |)revctit  ooiit-aminHtion  with  pyogcnetic  or  pailiu;:'  ■ 
organisms.     But  since  then  the  researches  of  SternlnTg,  Kititsatix  1*»* 
niann,  (\){)onian,  and  other  pioneers,  have   led   to  improvtHl    method**^ 
obtaining  and   prciHu-ing   vaccine  lymph  ;   and  persons  having  ihf 
of  vaccinated   chihlren   have  Iwgun   to  leant  how  many  of  the 
results  of  vaccination  may  l>e  avoided,  sn  that    the  one  com|)liciit)o* ' 
vaccination   most  to  l>c   feared,  comparatively   iiifret^uent   its  il   tipw 
will,   it    may  reasonably   l>c   hoped,   except    in    the    rarvst    insiaiicf*. 
unknown. 

The  nisults  obtidned  by  Voigt  (tif  Hamburg),  whose  experience 
extende^l  over  a  jwriod  of  fivo-and-twentr  years,  during  which  tuni 
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rformed  consulerably  more  than  n  quarter  of  a  million  VBCcina- 
ft,  luay  I>o  lakon  lu*  fiiiily  rejiresenting  what  in  possible.  His 
■en'aliuns  art*  the  mnre  itnjiortatit  as  he  hA.s  special  HrnLii^cinents  for 
^Bg  artd  investigating  ever)'  caso  of  vnccinal  complicHtion.  l>uring 
Bve  y^sAff>  prece<iing  1897,  out  of  I00,0(t0  viicciniitions,  he  saw  one 
Buf  axillar}'  abscess;  two  of  abscess  (locality  nut  stated);  one  of 
E^culuisis  ;  two  of  erysipelas  ;  ami  live  of  vaiciual  ulceration,  with 
nly  one  death.  Knt  it  must  not  l>e  forgotten  that  to  secure  such 
emits  nothing  may  he  omitted  which  can  helj)  to  ni;ike  the  opemtion 
■eptic.  Tliere  are  many  possihilitics  of  sojisis  from  the  helly  of  the 
*If,  the  Ojwned  tube,  tlie  recharged  iwirit,  the  mechanical  vaccinator 
rhicb  cannot  W  or  is  not  sterilised,  the  hands  of  the  opoi-ator,  and  the 
oiuiif;  Kurrotnidings.  These  dangers  should  not  occur  if  the  Local 
lovtTtunent  IkHird  instnictionn  to  puMie  viitcinatore  are  loyally  carried 
ut;  hue  no  vaccinator  can  attbrd  to  run  unnecessary  risks  even  in  so 
iwple  an  o]>eration  as  vaccination.  There  is  no  ground  for  believing 
liat  ihe  seplie  complications  of  vaccination  are  "stages  in  the  evolution 
f  conr-pox,"  or  "throwings  hack  to  ita  original  characters";  but  there 
1  much  evidence  to  shew  that  the  methods  employed  for  the  production, 
■orage.,  t^wA  use  of  iyni])h  are  uf  fundanicnlal  ini]iort:ince  in  the  attempt 
>  roiich  that  perfection  of  asepsis  ^  which  is  necessary  in  any  surgical 
|>enition.  however  small,  and  which  is  especially  necessiuy  in  thr  case 
f  Very  yi»ung  children.  From  what  h:w  been  said  above  it  is  hardly 
MCssaiy  Jtgain  to  emphasise  tlie  imf>ortanoc  of  giving  to  every  legally 
tftlifiwl  practitioner  an  equal  right  to  a  supply  of  lyni|ih  prejiared  in 
l»omti)nes  ut  the  expense  of  the  St-iUc  undi'i'  the  Inist  pnsHil»I<'  ron- 
tions,  iind  thut  the  indiacriminatD  imjxirtation  of  lymph  of  unknown 
igin  from  foreij^n  sourc(;s  should  no  longer  be  jjermitted. 

'  IV  qnr-iitlnn  nt  twctcriiiuirrev  vibcint*  l>ni|ili  wa^  illsciifsMid  nt  the  68t]i  Wr-^amml. 
■vllftrliAn  l>e«tv;ht.'r  Naturfoi>ilii-r  umI  Acrtzo  zii  Kranliftirt  n.  M.  H»-)i!.  ]S9fi.  Cf.  iilw» 
Mlurt. //yuirntWif  Rutnlschaa,  Na  "Jl,  181*6,  n.  1  073.  ami  t'hn»ikfr  y.fih-„^i,  Oit.  ISVfi, 
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Kit.w,  W.  "Three  C*Mfs  of  Iiioouliition  of  Tuborouloiis  from  Tattooing,"'  lU-it. 
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Part  IV 
Vacuination  and  Sypraus* 


or 


Introduction. — N«>  part  of  the  study  of  vuccinntion  is  more  »<■''• 
more  Hun'ouiHlvd  with  cliHiculty  than  the  attempt  to  eatiniAti;  a;  ^i''' 


true   value   the  fonflictiiig   sUitemonti;  conct-ming    the    tran^mUnon  ei 
syphilis  hy  this  operation.      It  is,  mo  tluiiht,  true  thut  the  iuvac/imi'ifi 
of  syphilis  is  possihle  ;  hut  the  facta  brought  before  the  \<oyti\  Caniim- 
(1*^H9-189G)  prove  that,   in  Kngland   at  any  rate,  the  *»vpnt  i>.   h" 
great  rurity,  and  they  do  not  justify  ;iny  real  objection  to  thr  pntL'  - 
vavoitiation. 

Two  motbods,  the  statistical  and  the  clinical,  have  hecin  odoptrfi  In 
estimate  the  numl>er  of  cases  of  vaccinal  syphilis  which  lictually  ofnr 
Of  those  the  former  is  tlie  less  satisfactory,  since  it  in  liable  to  luuny  snuite* 
of  en*or;  and  aUhou<!h  such  figures  iis  ai*e  availahlr  go  far  lo  provrlk^ 
infantile  syphilis  lias  not  bren  increased  by  vaccination, 
stronger  evidence  against  its  fre<piency,  in  the  f;ict  that,  althoiij 

■  .Sinc»  tlie  Ifuui*  »(  tlie  Fliud  IWpart  of  tbc  k.C^  V.  in  1 890,  Ui<^  um  of  f;Iy^-enuti«l  • 
lytnpb  box  bi'cotiio  RvtuTnl  tlimugbout  Etiiclaiul  and  Wolui   owiu^  i«i  tlm  Ua  lUt 
^upplifil   to  all   ptililic  vot'cinatora,  ind  a  iniiiurit}'  only  (if  ^ui-cimiUon^  nr*  pMfann«' 
lirivntw  pracUtiuiiera  witli  lyiiipli  of  variouw  nltier  kinds.      T!ib  dmigur  nf  !!...  [iMxi^iitiU*1 
iVphdiN  talxvculo^ts,  or  lepnviy  in  rik-1i  circunixtiim-tM  ih  so  nruiotc  ihn  i  \it 

ruinviis  Uuii  pn>-s«nt  section  toliiht  have  htmn  oDittt«il.      It  Is,  howr\> 
r»cU  us   Tar  aN  tliiry  are  ju<certaina1ilo  abnuM  be  wiikdy  ktinxTii  l>y  aU  aLw  ah-  u 
vncciiiaUnQ  :  Mu  tlint  witli  •iotiif   Tew  pcceSKar>'  convctioDH  tli«  tirlt('lt)   ha«  twvii  < 
Htuml  AH  it  vtiv,  ivrittfu. 
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M  of  invaccinAtcd  syphilis  brought  bcfot-c  the  Commission 
I  OGCurre<}  between  the  years  IHS9  and  181*0  A^as  subjected  to 
5  inquirv't  "ol  one  of  thrm  stood  iho  test  of  an  investigation 
ae  circumstances.      During   the  yems  specified   approxinialely 

qturitir  niiilioii  piiniitry  vaccinutions  were  perfotuied  in  the 
ngdoni. 

CHfics  THcciiiatcd  in  18^9,  and  |trcvious  tu  thi:s  date,  which  were 
tito,  one  *  wiis  Kdieved  by  Mr.  IJutthinaon  and  Sir  T.  liarloiv 
L  case  of  syphilia  at  all.  In  another  (No.  141,  App.  ix.  liC.V.) 
ice  waa  so  indefinite  thai  Sii-  T.  R-irlow  and   I  cunie  to  the 

tbjil  tliou^h  there  Wiis  eonie  ground  for  the  allegation,  it  waa 
of  proof.  This  child  hud  bei'n  v.iccinated  in  1880,  twelve 
re  the  inquiry  was  made  ;  l>ut  at  the  time  of  the  invej^tigation 

no  evidence  of  syphilis,  invaccinated  or  otherwise  ncquiretl. 
J  other  cases  were  brought  directly  before  the  Comniission  in 
*e  was  prima  faeie  ground  for  suspecting  that  syphilis  Iiail  l>con 
ited  by  vaccination/*^  but  two  of  these  had  occurreil  twent3''-fivo 
ioasly.      [Cf.  uUo  table,  p.  717.] 

her  evidence  us  to  the  rarity  of  the  disease  be  needed,  it  may 
hat  amongst  3i>,000  jxiticnts  at  the  Hospital  for  Sick  Chiidren, 
(lond  Street,  where  if  such  cajses  wore  of  common  occun*enc»* 
1  be  met  ^Titb,  Dr.  Robert  Lee  saw  only  one  instance  of  supposed 
'philis;  while  at  the  Kast  London  Uospital  for  Children,  Dr. 
L'rocker  hatl  not  seen  or  ht-aid  of  one  »nch  case,  although  Uw 
s  he  was  making  special  iiK|nincs  aa  to  their  occunenee. 
leal  method  of  inquiry. — During  tlie  twenty  ywirs  preceding 
immber  of  deaths  in  Kngland  and  WhU«  "  registered  *'  as  due 

had  incroascd  :^  it  was  suggested  that  this  increase  was  due 
i  iuocuhited  at  the  time  of  vaccination.*  The  limit  of  age 
aecination  nnist  be  pcrformetl  in  this  divisiim  of  the  United 
was  then  three,  inslcail  of,  as  at  present,  six  months.  As  a 
general  experience  vaccination  %vas  ilelayed  a-s  long  as  iHjssiblf*, 
f  increase  in  the  number  of  deatlis  from  syphilis  due  to  the 
wouhl  probably  have  occurred  in  cliildren  more  than  three 
d.  Such,  however,  was  not  the  case,  the  disease  was  most 
a1  during  the  first  three  months  of  life  :  so  that  whate^■e^  was 
)f  tilts  increaiw  of  s^'phitis,  there  is  no  ex  idence  to  shew  that  it 
I  vaccination. 

tlund,  where  thw  age-limit  is  six  months,  during  the  period 
\j  which  immediately  preceded  that  of  compulsory  vaccination, 
n'y  1000  deaths  at  all  itgos  registered  as  from  syphilis,  o7n 


«  Na  1  of  tlif  I  ■ommifwion  scris-s  ami  Ca*i-  90.  \.M  B.  wric*,  Appcmlix  Ix. 

l]iitL'hiiiMQ'!t  .Xrcbtcfn  i.t  Sm^f-rv,  vo].  i,  Ni..  "J,  1881+,  p]J.  106  »lwl  112. 
nl  lU-r^Tt  R.C.V.  pp.  110-114.  aii.l  pftr.  m,  p.  111. 
eport  RCV.  p.  103. 

f^nff'/iox  ami  Vxurituti  <Sy//AiVi*ji,  hy  Cliarle^  Cn-ighton,  p.  145,  London,  18S7, 
Tviue  is  nttxibiitol,  not    In  MVpliili*  iirnt  nlnted  witli  viu-viiistion,  l*ut   rlinsrtly  bi 
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ocrnrred  during  the  HreL  six  monllis  o(  lifti.  and  109  l»etwe«ii 
aix  and  twelve   nrnuitlis.     During  the  penVwl  1861  IsTTi  the  number  rf 
dcnths  registered  a8  from  syphilis  during  the   Hi-sl  six   ruonthn  mu  dl?^ 
and  in  the  perit)d  1875-18H7  it  was  647.     I>uring  the  same  period* 
proportions  of  dciith^  rogistcrcd  iis  from  syphilis  between  the  Agntof  i 
nnd   twelve   months   were  118  and  10!*  respectively.      Thn»   in  Sn^tlinJ 
the  uunther  of  deatlirt  fmiii   thit»  cause  occurring  during  the  aecoad  m 
mofiths  of  life,  when  the  results  of  vaccination  would  lie  mort  Ulotrio 
declare  themselves,  shewed   no  increase  eifter  vuccination  had 
cinapuIsoTy ;    whiUt  at   the   aume   time   the  deaths   regi&terwl 
syphilis  during  the  months  preceding  the  age-limit  for  ^-HtvinAtioii 
increiised.' 

In  Ireland  the  number  of  deaths  from  infantile  syphilis  hw 
dirainishetJ  during  recent  years.     In  1864-1865  the  average  num^ 
deaths  so  re^^'istmcd  was  124  ;   in  1  887-1888  it  wjia  only  40. 

Tn  Leicester,  where  the  practice  of  vaccination  had  fallen  largelr  i 
disuse,  the  de:iths  registered  :is  from  infantile  syphilis  for  tlie  yean  !M1 
1887  shewed  an  increase  of  G'.i:^  |>or  cent  lu^  eom|>arc<i  with  &ii  iDcnvi 
of  only  2 4 '7  per  cent  for  the  whole  of  England  »nd  Wales  for  tbcuan 
peritid.     It  need  hardly  Iw  sai*!  tfiat  this  increase  is  in  no  way  connrricd 
with   the  disuse  of  the  pi'actice  of  vaccination  ;  but  it  shew*  thai 
neglect  of  vaccination  in  Leicester  luis  not  l)cen  followed  by  any  Jinrn 
tion  in  the  nundH^r  of  deaths  from  infantile  syphilis. 

For  the  sake  of  comparison  attention  may  lie  directed  to  the  (! 
statistics,  from  which   it  wouhl  appe^tr  that  no  case  of  vaccinal  »ypli 
was  recoi-ded  <luring  the  yv^w^  188n-lHf»3  amongst  a  total  of  twelrt 
a  ipiarier  mil  linn  vaccinations  and  revaccinations  {30,  .1.->),  in  thf^  (j 
majority  of  which  "calf"  l^iiiph  was  used. 

Whatever  perconUige  of  error  is  to  l>e  allowed   in  these  ntatistics, 
above  figures  emphasise  the   fact,  which,  as  will  Ite  seen,  may  iiUo 
be   deduced    frura    clinical    cxpencnce,    that    the   risk    of    inocuIaUmi 
syphilis  with  vaccination  is  incalculably  small. 

Clinical  method  of  inquiry. — Turning  now  to  th^  clinical  asjHfi 
the  iimuiry,  it  is  iiecessiiiy  to  distinguish  accurately  between  octwal 
alleged  cases  of  vaccina!  syphilifi. 

That  many  of  the  rccordetl  oises  are  not  syphilitic  thftre  can  lie 
doubt.    This  maybe  said  mure  especially  of  thosewhich  occurred  in  tl)» 
jmrtof  the  ninoteeiith  century;  but  even  at  the  present  time  casraftre 
ported  as  vaccinal  syphilis  which,  u[X)n  cjireful  examination,  do  nottj 
t«  be  of  this  nature  ('27).     In  those  cases  which  I  have  had  the  oppo 
investisraling,  I  hesitated   lo  Iwlieve  that  the  le-sions  found  oiigfl 
vaccination  alone.     They  generally  shewed  wiile  diverpenccs  from  ih* 
cases  of  invaccinated  syphilis  of  which  the  nature  was  heyocid  4pa*t**'^ 
and  which   have  been   studied   by  trained  observers.      Alraoftt  witl»^ 
exception    some    extrjineous   fjictor  was    present    in    every   caK\ 

'   Filial  KL-p^trt  fCCV.  p|>.  101,  10^      The  ittntMUT.  an  gtVMi  ao  lit*  auUmrlty 
HlliwrtnU-ihlriit  of  Stutuitic^  in  thv  ottirc  of  the  R*Tfi*f  mr-Offwrnl  for  Hcntbtiil. 
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rminod  the  charftCter  of  the  phenonienu  that  followed  the  operntioii. 

ttme  iustJinces  there  was  evidence  of  culpable  negligence  of  those 
>l«  precantions  without  which  no  ojwration  is  justififil>le,  and  without 
ch  any  snrgicjil  procedure  such  as  vamnalion  niav  well  lie  fnlluwed 
iuHwter  (5,  32). 

1  did  not  ohuiiri  sufficient  evidence  in  the  course  of  my  inquiries 
pd  to  tho  conclusion  that  certain  laie  cases  to  which  reference  is  here 
H  are  reversions  to  an  original  typo  of  vaccinia ;  they  njipear  rather 
ii«  ahnomial  results  occurring  in  the  course  of  a  definite  affection,  such 
ometimes  complicate  any  of  the  acute  specific  fcvor& 
To  ilhistrato  these  cases  I  would  specially  refer  to  (a)  Mr.  Hutchin- 
8  paper  on  three  fjitjil  cjises  of  gangrenous  idceration  of  the  juni 
r  vaccination  (20);  (A)  «ise  of  simulated  viiccinalion  syphilitf-  (21); 
dw  various  caaes  incluclcd  tmder  Section  D  in  the  Ahstract  of  Reports 
[nspectoi-a  of  the  Local  Government  Board,  ntarle  by  inysfU  and  Dr. 
pland;  ((/)  Cases  52,  94,  109,  ll-l,  195.  202,  ro]>oned  by  myeelf ;  {e) 
■  139.  investigated  first  by  myself  alone,  and  subsequently  with  Sir 
^low ;  (/)  finally,  to  the  "  I^cds  Cise,"  No.  1  of  the  Cnnimission'a 
w,  probahly  the  most  important  of  all.'  These  are  given  in  full  in 
mdix  ix.  to  the  Final  Report  of  the  Ruyal  Commission  on  \*accina- 
■896.  From  these  i-eportj«  it  will  he  seen  that  although  in  ejich 
'fte  invaccinatiou  of  syphilis  has  been  alleged,  and,  as  in  the  Leeds 
f  the  allcg-ation  has  been  stoutly  defemled,  yet  the  conclusion  arrivecl 
ifter  carefully  wei^'hinjr  all  the  facts  that  can  be  elicited,  is  that  none 
hem  Wiis  due  to  this  infection.  It  was  found  that  some  were  cases 
gangrenous  ulceration,  some  the  result  of  vaccination  in  children 
sring  from  congeniuil  syphilis  ;  atul,  whale\cr  the  origin  of  I  he  lesion, 
I  individual  case  presented  facts  which  seemed  to  be  incompatible 
1  the  view  tluit  the  symptoms  were  those  of  syphilis  inoculated  at  the 
;  of  the  <>[>enLtion.  The  miinifcslatinns  nf  Hvpliilis  un-  juotcan  ;  and 
loubtfiU  cases  no  safe  deduction  eati  be  nnulc  from  isolated  symptoms. 
)r©  any  conclusion  can  be  drawn  as  to  the  true  iiatiue  of  the  disease^ 
%  essential  to  take  into  consideration  the  (-{implete  history  of  the  case, 
evolution,  the  date  of  appearance,  and  the  kitwl  of  K'sions  produced. 
&nnot  l»e  doubted  that  neglect  of  such  precautions  has  led  in  many  in- 
!ces  to  confusi'>n  and  to  nustakcn  diagnosis.    Amongst  the  cases  intjuireil 

by  myself,  I  have  found  that  the  formation  of  a  sore  at  the  jwint  of 
uUtion  a  week  after  vaccination,  ''jippearing  nither  to  lie  syjdiilitic  thjui 
inaJ,"  the  occurrence  of  periosteal  swelHngs  which  arose  a  week  after 
ination  in  a  case  unquestionably  septic,  the  occurrence  of  cut;ineou8 
itions  presenting  "a  rertjun  suspicion  of  syphilis"  during  the  second 

third  weeks, — huve  each  in  their  tuni  been  talccn  as  evidence  of  in* 
inate^l  syphilis,  without  regard  to  llie  fact  that  a  [Mtrticnlnr  symptom 
iti^  from  all  others  is  of  small  weight  in  deciding  the  true  nature  of 
fvcn  case.  Further,  such  symptoms  become  of  even  less  value  ns 
;e  when  they  have  appeared  "untimely" — that  is,  at  a  moment 
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when,  from  what  we  know  of  the  natural  history  of  the  disease,  the  iru'tul 
sore  of  syphilis  would  not  have  arrived  at  maturity,  and  at  a  period 
when  neither  secondary  nor  tertiary  symptoms  could  have  had  time  to 
declare  themselves.  Cases  shewing  the  difficulty  of  eliminating  siioh 
sources  of  error  will  be  found  in  Mr.  Hutchinson's  Arrkirrs  ff  StinMni, 
vol.  i.  p.  97,  and  in  the  reports  by  myself  to  the  Royal  Commission  on 
Vaccination,  Nos.  109,  113,  207,  416,  and  others.  It  would  not  be 
possible  here  to  enter  into  these  cases  in  detail. 

In  his  evidence  before  the  Commission  (Sixth  Report  li.C.V.  l^S'i. 
I>.  159,  Q.  21,854),  Mr.  H.  H.  Taylor  put  forward  the  following  t3l4f 
of  "  alleged  cases  of  vaccinal  syphilis,"  at  the  same  time  expressing  ihc 
opinion  that  it  is  impossible  in  many  of  them  to  say  whether  "thesigiw 
which  followed  vaccination  were  the  manifestations  of  syphilis  or  eDT-prtx/" 

This  table  is  too  untrustworthy  to  be  of  any  service  in  estimating  the 
actual  number  of  cases  of  vaccinal  syphilis  which  occurred  duriti|r  the 
years  specified ;  but  it  is  important  as  shewing  the  extreme  difficultr  of 
obtaining  accurate  information  on  the  subject. 

The  danger  of  drawing  any  conclusion  from  it  is  well  illustratd  U 
the  fact  that,  although  Mr.  Taylor  handed  it  in  as  a  table  of  nlkaed  caws 
of  vaccinal  syphilis,  Dr.  (now  Sir  AV.)  Collins  and  Mr.  Picton  (4)a]IiKie 
to  it  as  a  list  of  cases  of  vaccino-syphilis  ;  and  both  Mr.  Taylor  and  Pr. 
Creighton  use  these  same  cases  as  evidence  that  the  so-called  TACcin&l 
syphilis  is  nothing  but  cow-pox.  No  further  testimony  is  needed  tosheir 
the  inextricable  confusion  of  the  whole  subject. 


[Tai 


Cases  of   "  Alleged 

Vaccitml  Sx^phiJis,"  taken   from  Mr.   Ji.   H.                       1 

vlor's  Tuble. 

Soo  Appendix  Sixth  rieport  K.L'.Y.  1895,  p,  «17. 

peign  ciisea  have  beeu  omitted.                                                                               1 

r^The  references  given  have  in  some  instHnces  been  amended. 

t 

PUcA 

Ncimbcr 
ofOfcW*, 

Authority. 

Letter      fniin      Mr. 

RniiarkB,  T.  P.  A. 

r 

London 

2 

No  muQtiou  of  kUMpkion  of 

Smyth    Stuart    in 

typhitiji  at  |i!iici*  of  rcftr- 

Sinxir  rvXW  Ofmrvti' 

*ttii-«f.     The  wonlu  «rf ,  "I 

ti<mM  on  Cmc'pvx, 

wa»le<l|i>coii.'iMcrllieciiw- 

lti05,  p.  3d. 

jiox  viniB  p<>s»H'HM(Hi  aKiif  i 

; 

lu-  scnirnloiii  imtuic. "' 

ir-"^-" 

14 

Wliitehcad,      Third 
Keport,       Clinical 

Inconclusivo.          Evidence 
very  meigi-e.     No  dctaiU 

r 

IIoxpitiLl.         Man- 
L'hester,    18i»»,     p. 
.It. 

given    .■wiKciont    to    cx- 
clmle  t'Oiijrifinlnl  di-^t'nsi-. 
No  facts  jjpvi'ii  in  Mipfmrt 
of  tlir  siispirioii  raispij. 

1 

Loudtui 

21 

UntchiiiHou,      ///tu- 

Rnconh'd  I.y  Mr.  Hntchiii- 

tratitms  of  Clinical 
Surfteri/,  fftscic.  vi. 
pp.  noaii.l  122. 

floii  an  KAf^n  of  vticoiual 
BvphiliH  —  wo     nrt     also 
tlitiKr  ittarked  t- 

3 

Loniloii 

1 

T.     Hmitli,     Clinicai 
Soriett/n        TmitH- 
artimn,  18*1,  vol. 
iv.  \*.  63. 

Pruluibly  u  L-aiit!  uf  iiivacchi- 
iiIkI  (ty]iliilis,  hut  i<>|>i>rt 
v«ry     infvni|iltt«t.        N(j 
mi'iitioii  nrvAutriiiirt'i  nor 
co-vac-cinees. 

S 

London 

1 

({iitdiintton,  tvc.  ciL 
p  I2rt. 

t 

K 

London 

1 

ItuU.-.    J/iv/.    Timta 
nnd  Oautlf,  1873, 
p  153. 

No    deUiU.       Mr.    Hulkc 
said  lio  lijid  scvn  n  L'a«v 
wliioh  he  iK'lii'Tod  to  1e 
vaftiiial    sy|ihiHs.        Ni> 
fuclfi  Ki*'»"  in  wipport  of 

t))?  aitsptcioD  raisviL 

a 

Ixmdoit 

I 

Hutchinson,  tot  nV. 

t  Should    be     two    oasp^. 

p.  V2i<. 

Mother  ctiiilractpd  aynh- 
ilin    from    wickJin^    htr 

i 

chiUl;}>n]iiur>-M>n'on  nip- 

ple ;  MTiiptoiii!*  fojlowe'l 
tivo  luoiitlis  later  tlian  In 

children.        KiithfT    ./fin- 

tnu-U-d  (lisi'iuw  frniii  wifi-. 

8 

London 

10 

Trmisftfftifins  of  the 

Quite  unrelijitik'.      Slxtern 

VarcinutioH        /«- 

corrf.H]M)iidotil»  May  thi-y 

M.   'D.     Makunu. 

httvo  Reeii  rjwcs,  but   no 

detitUs  an-  givun. 

I'jirr  1.  lMt*3. 

s 

London 

1 

Dnntt.     <|iioted     by 

Cast?    diil     nc>t     dccui     in 

H.  L«o :    IIolinc«* 

Ku^fland.        No    di'UiU. 

Sftatan  vf  Surgery, 

Dr.  Druitt  mw  the  cas* 

eri.   ii.  vol.   iii.  p. 

abroad  and  niadt>  a  sketi'h 

319. 

of  it. 

1^ 

I^ttdon 

2 

A  rrJt  i  ivjt  o/  Surgertf^ 

Recorded  by  Mr.  Hntchin- 

v(A.  i.  p.  97. 

aftji  tts  not  bfiiij>  rnCL-innl 

0 

■• 

3 

Do.,  vol.  i.  p,  lt»3. 

nyiihiliB  ;     altlioii^cli    two 

1 

1  > 

1 

Do.  toL  ii.  1^  313. 

were    tlioiii;))t     by   »uitio 
wlio  fifkvr   tlifiii    to   hiive 

been  ayphilitir. 

Atoti,  ttK.  fit.  p. 

113.  sut<:>. 

tliiil  tic  won!  '•  vt'iRTcnl "  stood  ill  the  origihiil,  I«it  w« 

[,  uul  **  Mzrofiilo 

us  "  iuUti 

tu{t:*\ :  the  wonltt  "  flu«i>ected  vetif rral  tiilot "  appfar  tn 

k 
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Some  further  comment  is  needed  on  two  of  the  above  wne^N'i 
2  and  ^. 

No.   2. — Dr.  Whitchwid  gives  u  table  of  sixtv-thnw  caeec  (un 
11  totii]  of  25^+  patioiitsj  vvhieh  he  believes  lo  have  Wen  »ypbiliuc, 
out  of  bhJB  number  fourteen  .ire  attnbuted  to  vaccination.     In  iiunc 
ihena  owes  is  the  condition  of  the  viiccinifer  or  co-vaceinee*  mwitiwidi 
there  is  no  evidence  to  shew   that  they  were  examine<i  :  in  ihrw 
only  is  it  deliriitely  HUiled  that  the  father  and   mothur  were  budltiy, 
even  as  tu  these,  no  statement  ia  made  tliat  either  father  or  moihtf 
examined.      DeductionK  drawn  fnnn  such  uncertain  dat»  must  ot 
be  liable  to  many  fallncies.^ 

No.  8. — This  series  is  useless  for  accurate  purposes,  nn  dttiBl 
^ven  in   Mr.   .Malcuiia's   hitiniry  ;  sixteen  oWrvers  sjiy  ihal  ihtr 
seen  cases  of  invawinated  syphilis  (twenty-one  casuvs).  but  their  pcp 
an*  very  inconclusive^  an*!   there  is  nothing  to  shew  which  of  tbw 
answered   Mr.  Maknut's  "Inijuiry  "  had  seen  |>articular  cases,  nr  wbctlw 
more  than  one  of  them  hml  seen  the  same  case. 

Clinical  history  of  vaccinal  syphilis. — The   intxrulation  ot  - 
at  the   time  of  vaccination  may  be  due  to  various  ciuses  :  (i.)^- 
contamination  of  the  lymph  tJikcn  from  a  vaccinifer  sutforin^  at  t[ 
from    syjihilift  (0,  38,  35).      (ii.)  To   accidental    cjjntamiiiaiioti  'J  '^^ 
instrument  or  wound,      (iii.)   To  infuctinn   fnun   the  viuxinaior.     h  \-^ 
been  suggested  (ii*)  that  infection   might  lio  conveyed   byaviiu 
suffering  at   the   time   from    syphilis,    blowing  out  the  lymph  ir^^ 
capillary  tube,  but  there  is  no  evidence  that  such  an  accident  hak  mt 
taken  place. 

In  whatever  way  Byphilia  be  inv;ieeiimt«d  a  certain  definite  feifaMM 
i>f  events  may  bo  exjwctod.  These  ar«  ait  follows :  if  the  person  vamtai^ 
\*o  Busceptible  to  vaccination  the  i»i>ck8  may  not  at  first  ilirtr  ji'* 
de|)Jirtiire  from  the  normal  course,  but  in  some  eases  the  pocli- 
and  the  |>athotogieal  process  seems  to  be  at  lui  end  until  the -.jk }.>."■ 
virus  asserts  itself,  if  the  ]X>cks  be  irrittited,  or  the  ctmditioti  oJ  tbr 
tis3Ui%  be  such  aa  to  favoiir  suppuration,  the  vaccinal  •wjre  mar  hi(»co»e 
inHamed,  suppuration  may  occur,  jind  the  ulc»:'.r[i  may  for  a  \\wt  **•» 
over  and  then  brcik  down  again  ;  but  in  any  cirf^umstancos,  wti.  i 
vaccination  pursnc  a  normal  or  an  almomml  coui-se,  a  true  ?\i  ':_ 
chancre  with  indurated  boac  eventually  forms  nt  Uie  point  of 
tion.^ 

Cory's  experiments  on  hiniseU,  reported   by  Bristowe,  Hntcfa)p 
Humphry,  and   lUUaRi,   throw  vaUwible  light  on  the  clinical  hiM'iTl 
invjiccinated   syphilis  ;  and   the  sequence  of  events  in    vjtccitud  s)] 

u  vorrinu  of  tht<  l(<tU'r  pnblulied  by  Dr.  Smyth  Stunrt  two  /«ar*  itfl«r  BqulRtll'a 
iinna,  werr  jjuWisliod.     Cf.  An  .liittreju  oh  Vtuxinttiiim,  rtn.,  by  Pcrdliutul  Smylb  > 
E-tq..  Loudon,  1M07,  pji.  9  niiil  68. 

'  rrtlgbtou  {it)  ii«c«  ihcv*  i-iLtfK  as  nn  nnriiiiK'iit  iu  sitpiiort  of  hin  vitw  iktX 
sy)iliili-«  Ik  not  o{  "vviiertal"  orifriti    rtt   nil,    biil    ilite  *'ln    Ibv    inbirrvnl    rJUkM^  V^^ 
ti»rnmtit  natural  history  cbanirlcrH  nl  cow.p«»x  it»t?If,'* 

*  Foarnirr,  I've.  eit.  p.  125.     Cf.  kha  UiMe  oh  page  721  for  fitrtliiT  itetiUU. 


be  studied  from   this   case,  wliich  was  carefully  observed  and  re- 
(33). 
C.  pmpi3sely  vaccinated  liiiiiscif  on  four  occasions  from  children 

ni  lo  be  syphilitic.  On  the  Hr^it  octasion,  in  1877  or  lt*7H,  vatcina- 
'wn  \v:is  fiuccoastul,  Iml  the  vesicltw  malurcd  caily  and  iluclinud  nftt^r  the 
•fjiirtb  or  tifth  day.  No  syphiliti<'  irouKlc  followed.  .Suiik*  two  years 
i.it«r  he  vaccinattHl  himself  again  from  a  Uiintcil  sonrce.  Neither  vaccinia 
bor  syphilis  result(^<l.  About  eighteen  nmiilliK  later  he  repealed  the 
BXjjcriuicnt,  again  with  negative  results.  On  the  fourth  occasion  Itc  was 
Vicciiiiited  in  three  places  (34),  from  a  child  who  was  Hcleuted  na  being 
:il(viniisly  the  subject  *if  congenital  syphilis.  She  liafl  sTitfered  from 
ihnish,  snuffles,  and  a  cutaneous  erui>tion.  At  the  time  the  lymph  wjis 
Ukt-ii  IiYim  her  unn  nhe  liad  soreH  on  the  right  buttock  anil  tlie  left 
ttoftril ;  and  there  wiis  still  a  cutaneous  eruption,  though  not  in  the 
fmmrdiate  neighbourhood  of  the  vesicles,  which  were  normal  and  not 
ijtitiuiied :  they  were  bhallow,  luiwcver,  and  ditlieidl  to  prick  without 
Irawing  lilood.  The  lymph  was  collec;te<l  on  a  cleansed  lancet,  tlie 
Jtaiost  care  being  tiken  to  avoitl  any  admixture  of  hlooii.      The  next 

fcthe  thi-ee  insertions  were  red,  with  finiall  areola.-*  which  declined 
iiully,  and  the  arm  was  entirely  heuled  in  six  days.  On  tiic  twcnty- 
nstday  a  red  papule  formed  at  two  of  the  points  of  inoculation:  these 
lowly  enlarged,  and  on  the  thirty-Hrsl  day  one  began  to  dc8i|uamutc. 
'he  [Nipules  continued  to  increase  in  size  up  t<i  the  thirty  fifth  day.  a 
light  areola  being  occasionally  visible.  On  the  thirty-fifth  day  a  little 
ellow  8|wt  appeiired  in  the  centre  of  one  of  the  papules,  arid  by  the 
ext  day  a  scab  had  fomied  over  it.  Two  days  later  (the  thirty-eighth 
»y)  the  scab  which  covered  this  ]iapule  was  removed,  and  a  Rniall  ulcer 
as  found  Vtenealh  it.  On  this  day  the  arm  was  seen  by  the  late  Sir 
eorge  Humphry  ami  by  Mr.  Hutchinson  :  both  observers  considered 
le  lesions  to  l»e  syphilitic.  The  disea.sed  part.s  were  then  removed  with 
itiseptir  precautions,  and  five  day.s  later  almo-st  all  tenderness  (uid  dis- 
>peared  ;  but  for  the  first  time  an  enlargeil  and  p;iinle&s  gland  was  felt 
I  the  axilla.  Next  day,  the  foity  fifth,  the  lower  woun<i  wa--»  indtn^ated, 
id  the  punctures  caused  by  the  nee^Ues,  with  which  the  edgG«  of  the 
oimd  had  been  united,  had  sloughed  ;  and  increasing  pain  was  felt  in 
it  axilla.  For  the  next  four  days  the  jwdn  in  the  axilla  was  severe, 
id  thtt  gland.s  were  enlarged  sirid  tender  ;  and  o?i  the  fiftieth  day,  the 
>nstitutionat  symptoms  having  been  gradually  increasing,  there  wa.s  a 
istinct  feeling  of  illness.  Two  days  later,  blue  pill  (5  grains  daily) 
aa  taken  with  nnieh  benefit ;  but  on  the  fifty-fourth  d;Ly  rlieumatic 
tins  were  felt,  followed  within  forty-eight  hoiu-s  by  nuicb  soreness  of 
iroat;  next  day,  the  fifty-sixth,  the  cervical  glands  Iwcame  painful;  on 
le  fifty  seventh  day  ;i  roseolous  eruption  appeared  on  the  forehead,  the 
Mnplea.  the  Iwick  of  the  neck  below  the  ears,  and  the  lower  part  of  the 
t»domen.  which  last.ed  four  days  ;  after  this  date  anliRyphilitic  treatment 
as  fidly  carried  out.  The  subsequent  history  of  the  case  shews  that  the 
icpGriment  was  only  too  successful. 
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TA£LE  giving  symptoms  and  dates  in  a  case  of  In  vaccinated 
Syphilis  (R.  C.) 


»tase. 


Primary   , 
Secondary 


Tertiary 


I>st«. 


Sjinptomn 


1st  day,  July  1,  1881. 
8th    ,, 
21st  ., 
35th  ,, 
38th  ,, 


44th  „ 
45th  .. 
47th  „ 
54tli  „ 
57th  „ 
88th  ,, 
21  weeks. 


23      „ 

7  nioDths,  1882. 


8-13  „ 


14 


Sei)t.  17,  1882. 
15^  months. 
1-2  yeaiti. 


Inoculatioii  iu  3  places  on  It-ft  forearm. 
Arm  healed. 

Papules  at  points  of  inoculatifin. 
Earliest  appearance  of  ulceratiun. 
CKaDcres   of    ordinary    syphiliiic  \)\ 

at   one    point   of  inoculation,     i'si 

inoculated  excised. 
Glands  first  noticed  to  be  enlargiiii;. 
One  wound  indurated. 
Sore  throat. 
Pains  in  limbs. 

Roseoloua  eruption  latitiug  foiiriUy»o 
Acne  chiefly  on  back. 
Indurated  mass   began  to  fomi  ou  1 

thigh   (gumma).     This  intiamcd  i 

broke  down. 
Two  gummas,  and  a  little  latt-r  tend 

ness  over  the  tibia  (?  iK-rioslitisi, 
Throat  sore,  other  symptoms  Iwttet. 
Headache. 
Acne  spots  fading,   wounds  of  giimr 

healing. 
Some  occipital  headacht*.  worse  at  u\% 

Pupils   unequal,   right   generilly 

smaller. 
Tingling     in     right     hand.       Vtri 

Tingling  right    foot,   intermittfiil 

tirst,  then  constant. 
Slight  a[>hasia. 
Ijoas  of  ]>ower  on  right  sidf. 
Symptoms  gradually  jassed  away. 

evidence   of   syphilis    2i    years  i 

inoculation. 


The  deductions  which  may  be  made  from  such  a  case  are  imjK 
and  bear  out  what  has  been  frequently  obsened : — 

(a)  That  vaccination  can  Iw  successfully  performed  vith  l\*mph 
from  a  source  tainted  with  syphilis  without  necessarily  commiini 
the  disease  (10,  37). 

(ft)  That  if  syphilis  be  communicated  in  the  pioces.s  of  vaccina 
does  not  follow  that  all  the  points  of  insertion  will  become  infected 

(c)  That  the  evolution  of  syphilis,  as  regjirds  the  primar 
secondary  stages,  is  not  iiecesmrilij  disturbed,  i.e.  that  it  may  be  i 
accelerated  nor  retarded  by  simultaneous  vaccination  (12,  8). 

(d)  That  no  care  in  the  selection  of  lymph  obviates  the  r 
vaccinating  from  an  obviously  tainted  source  (13.  7). 

{e)  That  when  syphilis  is  communicated  by  vaccination  th 
appearance  of  the  disease  is  at  the  seat  of  puncture  :  and  that  then 
evidence  of  general  infection  until  a  much  later  period. 
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the   sake   of   clearness   a    table  of    the  symptoms   of   vaccinal 
as  they  have  Iteen  generally  olwerved,  is  given  below  for  com- 
with  those  present  in  K.  C.'s  caae. 


Syinploou  or  ln\tectitat«<I  SnttiilU. 


SymptoiuA  In  R.  C'l  Qua. 


luitial  ehaiK-rt)  nt  poiut  of 
TaccJTiAtion  invAriable. 

Indolent  »wi.<]liiig  of  ^laudi^. 
Diir&tion  of  the  aboTO 
{irolonged  withoui  troat- 
010  ut. 

Regular. 

Xu  dofitiitc  eireot  lierora  lht> 
end  of  3rd  week,  usually 
uud  of  4t)iorovcD  5tli  (24). 

or  ordinary  Hyphilitic  form. 

Second  incubation -|*oriod. 

Genv ral i^aLion  takctf  place 
bct>v<:L-li  thi^  AOth  n.\\i\  70th 
days ;  if  dixvano  bd  uu- 
tr«atttd  OtIi-lOth  week, 
Hutchiitsou,  I  9th  -  10th, 
Fouriiier  (ISl. 

At  tir»t  ruBv<oIauB,  generally 
on  abdanion.  Subfteqin-ntly 
jiolyniorplii**,  symint^tricaf. 
Iufre4]uuut  on  hiindA  and 
fuoe  (2.^),  uxiTfpt  in  lU'veru 
oaaea.  Condy  toniaii  at  junc- 
tions of  inucoui*  btiruuioB, 
conuuoii.^ 


Initial   cliaucri-  at    |toiuL  of 

inof-'ulutinn. 
Axillary  glands  at  fintt  eu- 

lai'gKd  u'ttliiHit  pain  ;  au)>- 

sc>|ueut  i>aia  iimcli  relieved 

by  luercurj*. 
Regular. 
Papule   liDit  noticed  at  end 

of  3rd  week. 


Chancre  of  ordinary  syphil- 
I     itii?  form. 

Second  incubation-period. 
I  KltttumnLic    [uinii  un    Mth 
day,  ro«eoloii8  erajttion  on 
S7tb  day. 


At  first  raaeolous  on  abdo- 
men, forehead,  templea, 
neck. 


further  details  and  for  tertiary  symptoms  see  table  p,  7l!0. 

care  is  almost  universally  exercised  in  the  selection  of  lymph  there 
le  danger  of  protliicing  such  aberrant  results  as  are  seen  when  pus 
nUated  at  the  same  time  aa  the  syphilitic  vinm.      In  such  cases  the 

symptoms  may  l>e  perplexing,  and  the  tnie  nature  of  the  lesion 
PB  only  detected  during  tlie  subsequent  history  of  the  case. 
d'iouR  important  questions  ari^e  in  the  consideration  of  cases  of 
U  syphilis. 

Is  it  necessary  that,  as  in  the  case  of  R  C,  the  vaccinifer  should 
ioufily  syjihilitic ;  or  can  the  virus  be  communicated  from  a  child 
mtly  in  gooti  health  1 

What  is  the  acttml  vehicle  by  which  the  virus  ia  transmitted  ? 
.  Given  a  hcdthy  vaccinifer,  can  syphilis  be  communicated  in  the 
\'!icciDation  independently  of  the  lymph  \ 

Ui*,  by  Jonathan  nnU;hinMii.  ISS9,  p.  114,  if  witliotit  tnalnietit  5-10  wuek.s  if 
Rierunry  5-7  mmiths  ;  rf.  uLso  niuMntt-uiHJi  uf  VUnical  Sutifrn/  (by  the  aiinte 
London,  1877,  p-  13Z. 
niiwiratioDs  tyt  invocclnated  ayphillK  we    HittatmtioTU  of  Ciinicai  Surfftry,  by 
Hnlvhinsno,  I^ndnn,  1877.  platvs  xxiL  xzill.  xsiv.,  and  Si/pfiUiSt  hy  the 
iii.  p.  101 :  also  ct.  Fig.  12,  p.  S1&. 
U  I[.— PT.  I  3  A 
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iv.  Can  syphilis  be  communicated  in  l^mph  Ukeu  directly  fron 
cnU  ? 

(i.)  As  regards  the  first  proposition,  none  of  the  recorded  csia 
to  me  to  ]>rove  beyond  doubt,  that  a  child  not  in  ihc  active  «tt(;c(l] 
syphilitic  infection  can  coramunicat«  the  di sense ;  though  Fouiiuer{ll 
and  othtjr»  appeiir  to  think  that  it  is  possible.     Mr.  Hutchinaon's 
(23,  29)  have  been  accepted  as  evidence  on  this  point ;  but  it  i»  pOKh 
that  the  infection  may  have  been  conveyed  by  the  lancet  from 
child,  and  not  from  the  vaccinifer  at  all.     With  regjird  to  this  point  it  iT 
ini|>ort4Lnt  Lo  remember  that,  as  has  been  stated  (cf.  p.  6'J3),  vacciOkUm 
uiay  pursue  a  typically  normal  coun>e  in  a  syphilitic  child  provided  tbi 
it  is  not  cjichectic 

(ii.)  The  question  of  the  actual  vehicle  by  which  the  lirus  is  tni» 
mitted  has  long  been  under  discussion.  Viennois  (de  I.yon)  wu  ^ 
opinion  that  the  virus  is  cont-ained  in  the  blood.  It  has  been  iissenwlkf 
liaithclcmy,^  and  later  by  Husband.-  that  it  is  practically  impoanbleUi 
collect  lymph  in  the  ordinary  way  which  does  not  contain  bltDod-corpUKWi; 
so  that,  if  collected  from  vesicles  on  a  syphilitic  individual,  sjipureiit 
cloarnoss  of  the  lymph  is  no  security  (cf.  Deduction,  </,  p.  720). 

(iii.)  The  following  cases  have  been  mentioned  hy  Voigt  as  «u| 
the  Wew  that  syphilitic  infection  may  be  communicated  from  a 
co-vaccinees. 

At  Tauberiiiflchoffsheim  four  children  were  vaccinatwi  fi-oin  lui  mla 
whose  mother  was  a  woman  of  the  town:  this  child  died  shortly utt 
being  used  as  a  vaccinifer.  All  foursub-vaccinees  suWquenily  prcMiK 
syinptfiiiis  of  Kyphilia  ;  three  were  probaibly  of  syphilitic  jxircnta^ 
in;ismiich  Jis  the  vaccinifer  at  the  time  the  lymph  was  taken  frum  iu«^ 
is  said  to  have  shewn  no  sign  of  congenital  disease,  it  is  8ug^csi«d  tl»»t 
the  fourth  was  infected  fi-om  one  of  its  co-vaccinees  (I).  The  endcoc*' i* 
very  inconclusive  :  especially  as  the  physician,  under  whose  care  thi  w- 
cinifcr  was  when  he  died,  suspected  some  inherited  taint.  The  Tiiodfiiltf 
seems  to  have  been  selected  without  regai-d  to  the  ordinarj'  prccwUion* 
which  should  invariably  be  taken  in  every  instance.  Such  instances 
the  importance  in  all  crises  uf  suspected  vaccimd  syphdis  of  investip 
the  history  of  the  co-vaccinees,  and  of  the  vaccinifers  in  tlie  direct 
for  some  generations  \  lack  of  information  on  these  |>oiatti  must  invali 
any  deductions  sulwequently  made  aa  to  the  source  of  infeetion. 

(iv.)  it  is  probably  itii(K)ssible  for  syphilis  to  l>e  conveyed  by  Ij 
t«ikeu  directly  from  the  calf,  even  though  the  calf  had  been  vaocii 
from  a  syphilitic  child  ;  it  has  been  shewn  by  Koch  thni  the  nyjJiiB 
poison   is  destroyed  by  passiug   through   the   animiU,   and   thew  i« 
evidence  t4)  shew  that  cattle  are  susceptible  to  this  dineitse  (18). 
furegoiug  statement  shews  from  clinical   eviiience   that    although  il 
possible  lo  transmit  syphilis  in  the  net  of  vaccination,  it  is  of  ver7 
occurrence,  and  is  not  to  be  feared  if  ordinary  precautions  arc  t«keB. 

'   Kourniw,  Uk,  n't.  y.  1 1 2.  

^  nuAl  Report  RCV.  1800.  |i.  U2,  pArs.  43a 
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e  difle&ae  is  stated  to  have  been  transmitted  from  a  syphilitic  vac- 
in  some  fifty  series  of  cases  during  the  last  century  (26).  Even 
estimate  be  apiti'oxiniatety  correct,  it  Rhuws  Uiat  amon{j^)»t  the  many 
,s  of  vaccinations,  the  danger  to  an  individual  of  contracting  syphilis 
^  the  operation  is  inappreciable;  and  that  such  indeed  is  the  fact 
Sie  out  by  a  aULtemont  made  by  Mr.  flutcltinHOti  10  nic  some  little 
igo  that  he  had  not  scon  a  case  of  vaccinal  syphilis  for  ten  years 
dence  as  to  its  ninty  more  convincing  tlian  a  multitude  of  statistics. 
UTerential  diagnosis  of  vaccinal  syphilis. — It  remains  to  cull 
(i.)  to  the  main  differences  which  have  been  found  to  exist 
vaccinal  syphilis  ami  other  lesions  fi>llnwing  vaccination ; 
[»  the  points  which  may  lead  to  the  correct  tliffcrentiation  l>etweon 
anated  syphilis  and  vaccinia  occurring;  in  a  syphilitic  child  ;  and, 
,  (iij.)  to  the  points  of  difference  between  vaccinal  ulceration  and 
Sua]  chancre. 

(i.)  7'/fc  (iifirrfne^  between  vaccinal  stfphilis  <md  oiher  Usions  vhich  may 

lb  vncrinnthni  are  well  illustrated  by  the  Leeds  case,^  which  has  been 

fed  to  more  than  once.     In  this  instance  the  child  when  vaccinated  was 

riy  four  months  old.     She  was  the  third  in  the  family,  was  at  the  time 

1^  health,  and  had  been  previously  so.     The  jwrcrits,  the  vaccinifer, 

e  co-vaccinees,  so  far  as  could  be  ascertained,  were  all  healthy  and 

^ib  any  signs  of  syphilis.     On  the  sixth  day  some  inflamed  spots 

id  at  the  seat  of  inoculation ;   the  inflamuuition  spread  rapidly,  and 

ids  the  end  of  a  fortnight  two  <ieep  ulcers  had  formed  with  much 

swelling  round  them.     The  inflammation  and  ulceration  sjjread, 

the  end  of  the  month  the  child  seemeil  ill.     Tbure  was  some  false 

rane  on  the  velum  and  tonsils,  and  aphtha;  appeared  in  the  mouth ; 

juently  an  ulcer  formed  on  the  upfx-r  eyelid,  and  one  over  the  ear 

same  side  as  the  vaccination.     \ine  and  a  half  weeks  after  the 

fcion  all  the  points  of  insertion  had  sloughed  into  one,  jnoducing  a 

unhealthy  ulcer ;  and  the  two  sores  mentioned  above  were  pluige- 

Xotbing  abnormal  was  noted  in  the  mucous  membmne  of  the 

I,  and  neither  then  nor  subsequently  was  there  any  general  eruption. 

hild's  nutrition  was  fairly  good.    Tlie  child  was  treated  with  mercury, 

:  the  impression  that  it  was  sj'philitic,  and  the  lesion  seemed  to 

ive.    The  sores  on  the  eyelid  and  ear  almost  healed,  but  that  on  the 

)maine<]  unaltered,  and  *'  the  mouth  bcciime  very  sore."     About  three 

later  the  child  was  much  worse,  a  large  abscess  formed  on  the 

Imttock  and  another  over  the  upper  part   of  the  sternum.     The 

over  these  parts  was?  implicated,   and  ap]>eared  about    to  slough. 

resulted  at  the  end  of  the  fourteenth  week  after  vaccination.     The 

ortem  examination  did  not  throw  an^'  light  on  the  nature  of  the 

No  lesions  of  the  viscera  or  l>ones  were  discovered. 

E  the  view  that  this  was  a  case  of  invaccinated  syphilis  are 


The  arguments 


tt  I..  AppeoiUz  ix.  to  Finul  Brport  of  Rojrol  Commiuioii  on  VacciDatioa  ;  aitd 
of  Mr.  Wanl.  Mr.  Liltlewoo-t,  nii'l  Dr.  Barm,  Sixth  Ftrnnrt  of  the  R.C.V.,  Qnestion* 
912  ;  luiii  Ru-jwrt  by  Mr.  HutcliiinsOu,  AnJtim  qf  Siiryery^  vol.  i.  p.  306. 
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(tr)  That  the  vaccine  punftures  bc^an  to  inltame  within  m  week;  !*| 
that  tliey  did  not  develop  into  chancres  ;  (r)  thut  they  did  aot  cnuw  ak) 
iniluration  of  glands ;  (//)  thiit  there  waa  no  general  secoodan'  erupofl 
(c)  that  the  mother  suckled  the  child  and  did  not  contract  any  sore 
the  nipple  ;  (/)  that  the  chronology  of  evenUj  was  quite  nnlik*  th«t 
vaccinal   syphilis  ;    (y)   that  there   wjm   no   e\'idence   of    syphilis  to  Uie 
VAceinifer  ;  (A)  that  none  of  the  covaccinccs  suft'ored  in  a  similAT  wiy. 

In  view  of  all  these  negative  daUi,  the  only  satisfactory  way  of  dvDMp 
strating  that  such  a  case  wai;  one  of  invaccinated  syphilis  wouM  !» 
shew  that  there  \v:i«  a  probability  of  contamination  uf  the  lynijih  urj 
the  instmmentA  used  in  th(^  o|)eiution.     No  evidence  of  tliiA  kind  wu! 
be  obtained  ;  so  that  the  conclusion  is  jnstificd  that  these,  and  fiiiniUr' 
are  ernitic  fornix  of  necrosis  following  vaccinia,  and  are  possibly  tltw  i 
sepsis,  thtm  reaemhlin^   cancrwrn  oris  or  noma  which  Bonietime«  folW* 
acut«  febrile  diseases,  s!ich  as  measles  and  varicella,  without  giWng  iny 
ground  for  suspecting  a  f:y])hilitic  infection. 

In  the  following  table  the  events  in  the  case  referred  to  aro  girai  odt 
by  side  with  those  to  be  lookc<l  for  in  a  case  of  vaccinal  sjrphiii^  > 
given  by  Fournier,  \oc.  rii.  p.  126 : — 


Vaccinal  Sn>bJlU 


Incubatiou  .  Chmicrc  ueytr  fonuod  before 
Ifilh  tUy,  j^oiiiTally  nftcT  3 
weeks.  (U«unll_v  cnil  of  1th 
or  eveu  6th  w«ck— llutohiii- 
•on.) 

D«Telopmoiit  By  the  31st  day  ulceration  in 
itit  uarliost  devolopment,  or 
not  yot  oommeiiffcii. 

Twicloti  Aa  A  rule  aII   the   vetticleH  an 

not  littectiKl,  vATLtDfttion  often 
alKirts. 

Innammatioii     As  a  mlu  slight 

Loss  of  aub'  Loss  of  sub»t«Dce  MUpttrticial  as 
stanct)  a  rttle.    Cr.  Hutchinson,  Jtiu*- 

tnitunis  Iff  ClinicaJ  iiuiycry, 
1378,  pp.  121.  i;U. 

Discharge  .  Scanty  as  a  rnle  or  absent 
GuuLTally  forming  m^tis. 

Glands  Eulurgviiient    at^vaya    fnvsvut, 

gunorslly  indolent,  non  -  in- 
nainiiiatory  induration. 

Swondnry  BosonluuH  trn](tiori  fro^aently 

eraption  present     aft(<r     formation     of 

chancfu,   followwl,   itt  carlitiHt, 

6  weekn  Inter,  hy  triio  Kvphii- 

ides. 

Tertiary  Giinimas  not  generally  jirnsent 

ayoiptoms  fur  many  montlia  an«r  prim- 
ary sore. 

History  A  liistory  of  syphilis  in  fMreots. 

vaccinifor,  or  co-vacciufiea  to 
be  cxi>t'Cted. 


B.  M.  C     UkA»  Om. 


First  sign  of  iaflasiiaatiot  m 
fitli  day.  Ulc-firtt  formed  ia- 
iiig  2ad  vre«k. 


Ulcers   faXly   lanaed   by  )4tk 
day. 

All  the  veaielw  affeeMd. 


Great. 

Great     Yeoicles  aloughid 
one  large  tdtwr. 


OoDsidcrable.     Not  drying  m'*^ 
No  luduratiua  of  glaudik 


Kotie. 


]>rg«    afaMfisaui    rorm**d, 

midcd  to  b«  sioftj' II - 

12  weeks  after  k., 
Ko  history  of  ^ypLilL-s  ui 

ciuifer  or  co-Tsccincffa. 


VACCm/J  IN  M.-JA' — .-/   CLINICAL  STUDY 


7as 


Xhf  diJfereniuU  (lingnosis  hdwrt^n  fivdnal  si/jild/is  und  thr,  rnnUh 
iwn  in  a  s^philUk  dtiUl  in  caaee  in  which  vuccinntion  ia  either 
Bbortivo  does  not,  aa  a  rule,  present  iiny  ?crioiifi  ditticnlty.  But 
|Bh  in  which  pns  has  been  irirtcukted  with  the  Hjiecilic  virus,  or 
I  have  been  irritated  and  suppuration  consequently  set  up,  there 
)me  departuru  fmm  th«  nornml  course  of  event*, 
e  recorded  several  important  caftcs  of  this  kind.  In  one  the 
f  the  child  had  suffered  severely  from  syphilis,  and  she  had 
)8t  one  child  from  congenital  diHea.se.  Mer  infant  suffered  after 
)n  from  severe  inflammation  round  the  pocks,  which  resulted  in 

(see  Case  202,  App.  ix.  to  final  lieporl  R.C.V.).  In  another 
\  child  exhibited  a  general  eruption  during  the  first  week  after 
m,  and  was  shewn  at  a  London  hospital  two  days  later  as  a 
ee  of  congenital  8yj)hili8:  there  was  evidence  that  Iwth  parents 
red  from  venereal  disease  (Oise  3i;fi,  App.  ix.  luC.V.).     T^astly, 

may  be  directed  to  Case  309,  wherein,  so  far  as  can  be  ascer- 
le  vaccination  pursued  a  normal  course^  atnl  the  child  died  with 
%  of  inherited  disease  ;  whilst  the  history  of  the  paj'ents  gave 
pport  to  the  view  that  this  diagnosis  was  correct, 
jhronolo^eal  order  and  8c<iuencB  of  events  in  these  or  similar 
y  be  seen  in  the  fullowing  table  compiled  from  Founiier, 
^  and   others, 'and   compared  with   a  case   investigated   by 


■  UK 


» 


Ucmlltarr  8n>hiUK. 


rnlo  with  gem-ral  Ryniptoms. 


RasU  pspQlar  antl  pnstnlar, 
often  oliictlj'  on  face.  Rost^- 
oU  on  alitluniuu  not  the  rule. 
Hash  aud  excoriation  round 
nates  and  acrotum  coiunion. 

Fftniily  history  of  »yphiU»  im- 
portant. 

It  ia  almost  anknowD  for  u 
child  sufTering  from  1ii>rvdi- 
tury  syphilib  to  iuoculate  its 
inothor. 


n.  C     Ki'port  Na  M7.  jf  «W. 


Irregular.  TJlccr  at  »i'flt  of  vac- 
citiAtioii  I'onni-d  by  12tli  day. 
No  luilmntiou  of  1>a.si*.  Ulcer 
healed  in  6  n-eokii  without 
ftpcctilic  tr<ra1iiH-iit.  Kvidciico 
of  giiiiurml  infection  at  tlie 
vud  of  ^th  wet'k.* 

Rash  iiapular  and  pustalar, 
I'liietlj  on  fflt'o,  chest,  and 
arms.  Not  preceded  by  any 
roseola  on  abdomeu. 

Ground<t  for  aiiapectine  syphil- 
itic infection  in  botli  f«thcr 
and  mother. 

Mother  tiuckled  child  without 
infecting  h«r  lujtple. 


J^ertnceshetivten  Vaccinul  UJceratton  and  Faeeinal  Chancra. — AUu- 
been    frequently   made    to  vaccinal    ulceration ;    and    though 

Compan:  vith  table  of  ayiuptoms  in  vaccjnal  lypbiliM  on  pp.  727-729. 
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aonobly  it  appears  to  occur  at  times  in  childrfiii  not  obviously 
Ic  my  own  experience  has  been  that  it  is  mostly  the  result 
A  morbid  condition  —  as  in  Cjwe  202,  in  which  the  child  xuis 
Qouabty  of  syphilitic  parentage;  or  of  some  extraneous  source  of 
in — fta  in  Case  144,  when;  the  wounds  were  treated  with  castor 
ll  buttermilk  applied  with  a  fuather,  with  brewer's  jcast,  and  with 
K?uttices.  It  is  in  fact  wonderful  that  severe  ulceration  does  not 
etjuently  occur.  I  have  been  shewn  a  case  with  ulceration,  con- 
isuggeittive  of  syphilis,  in  which  the  woiuida  had  been  treated  with 
ipplied  with  a  feather  which  was  picked  up  in  the  back  yard  and 
lafl  been  left  nnwiksheil  in  tlio  cream  for  Home  weeks.  In  auolher 
tt«rmilk  was  applied  10  a  piece  of  ra<;  and  left  adherent  to  the 
I  for  some  three  weeks  without  being  changed.  I  have  also  seen 
i  which  the  vaccinjitiotj  wounds  had  been  scrubbed  and  irritated 
edge  of  the  sleeve  saturated  with  the  pus  and  blood  in  which  it 
Bti  soaked  for  many  days.  These  instances  might  be  multiplied  ; 
be  given  sufficiently  indicate  the  fallacies  which  beset  the  opinion 
les  of  vaccinal  ulceration  taken  without  knowing  the  circumstances 
tcr  suggestive  of  syphilis,  or  "  arc  manifestations  of  cow-pox,"  or 
rily  indicate  any  analogy  between  the  two  disorders. 
\  ordinary  features  of  vaccinal  ulceration  (Fig.  18)  are  shewn  briefly 
ollowing  table  taken  from  an  actual  case,  and  placed  side  by  side 
066  usually  observed  (17j  in  vaccinal  .syphilis  (Fig.  I'J): — 

E  comparing  Vaccinal  Ulceration  and  Vaccinal  Syphilis,  with  an 
actual  case  (see  Figs.  18  and  19). 


y  obMn'Nl  Symptoniji  of  Vaeolntl 
Ulovntiun. 


One  or  J.  V.  P. 


Vkccltul  BrphOli. 


KOD 


].  THE  ULCER 

12  to  15  dayu.  It  to  16  dayi«. 


paeut  .  inocratiuii  fully 
dei-cloiicd  by'ilst 
ilay. 


I  affected  As  a  ruli?  all  vesi- 
cles nlfoct^d. 


itiou 


Oenendly    tiromi> 
n«nl. 


iricertttiott  nell 
iiiarlcfnl  by  16th 
day,  at  it»  height 
on  ihe  2Ath  d*y. 

AH  th(!  vcaiclos 
(three)  Aireotfld 
BCCMrding  to  Pr. 
H.  V. :  one  ulcer 
foriiied  Bccording 
to  Mrs.  V,  the 
mother. 

Considerable. 


Genernlly  npvardii  of 
three  weeks,  never  lent 
thiin  Ifi  dayA. 

Ulceration  in  it*  earliest 
dcvulainueiit,  ur  not 
yet  commenced,  about 
2Ut  day. 

As  *  rule  all  veaicleB  not 
affected.  V'AcvtuAtion 
vesicles  often  abort. 


As  n  rule  idlgbt. 


k 
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Table  comparing  Vaccinal  Ulceration  and  Vaccinal  Syphilis — cmlvKu 


Generally  observed  Symptoms  of  Vaccinal 
Ulceration. 

CaseofJ.  W.  P. 

Vaccinal  Syphilk 

1.  THE   ULCER 

Loss    of    sub- 

Great.   Ulcer  gen- 

Great.        Ulcer 

Loss  of  substance,  snpe 

stance 

erally  deeply  ex- 

deeply excavated. 

ficial  with  rare  eiw; 

cavated. 

tions.  Much  less  e: 
cavated  than  a  vawin 
ulcer.  (Compareact: 
which  was  "probab! 
on  the  verge  of  phtg 
deena,"  HIuMtrtUiou 
Clinical  Surgery,  Jon 
than  Hutchinson,  187 
at  pages  126  and  131. 

Discharge 

Considerable ;   not 

Considerable ;   not 

SoAuty  or  absent,  near 

drying  into  scabs. 

drying  into  scabs. 

always  forming  sctbt 

Edges      . 

Punched  out,  per- 

Punched  out. 

Not  punched  oat,  slo 

Xwndicular,      ir- 

ing to  floor. 

regular. 

Bottom   . 

Uneven,  unhealthy- 
looking,       some- 
times sloughy. 

Unheal  thy- looking. 

Smoo£h,  even. 

Base 

Inflammatory    in- 

Inflammatory   in- 

Induration    circc 

duration. 

duration. 

scribed,  elastic,  pirc 
ment-like. 

Areola     . 

Extensive.  DilTiisc 

Very  slight,   often  : 

inflammation, 

appreciable. 

lymphangitis, 

cellulitis,    ery- 

sipelas, and  other 

inflammatory 

complications 

common. 

2.  THE  GLANDS 

Glands    . 

Either  no  reaction  j  Not  noticed  to  be 

!  Enlargement        »)«■ 

or  acute  inflam- 

enlarged. 

!     present,  indolent  n 

mation. 

inflammatory  indi 
tion. 

3.  THE  ERUPTION 

Development  . 

First     appearance 

Firstrash,  red  with 

;  At  the  earliest,  »pp< 

between  the  9th  , 
and    15th    days,  I 
always     contem-  ' 
poraneous     with 
vaccination. 


some  exudation 
noticed  on  10th 
dayaftervaccina- 
tion.  Second 

rash,  scaly,  cop- 

J>ery,  about  40th 
lay. 


first,  63  to  70  d 
after  vaccination. 
Mr.  Hutchinson'na 
it  varied  from  42  t( 
days  when  uDtreal 
and  from  five  to  a 
months  in  those  m 
mercurial  treaoai 
(Loe.  cU.  p.  133.)  _ 
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BLK  comparing  Vaccinal  Ulcemtion  and  Vaccinal  Syphilid — eon/initftf. 


¥ 


y  oliservrd  S>iii['Uiau  of  VacciMl 
Uletrnlion. 


Ca«-  of  J.  W.  P. 


V«roinkl  ^rjihdU. 


3.  THE  EEUPTION 


tatioti  to  pri- 
DKTj  lore. 

nicftlcliarac- 


t 


Not  preooded  by  a 
typica]  vaocin&l 
ciiancre. 

or  ordinary  types 
(rosculu,  niiltaria, 
hulliie,  etL-,j  ;  not 
lastiuj;.  Nu  ma- 
CDUS  tuboFctes. 


Not  |*ecedcd  by 
A  typical  vmccin&l 
chaucre. 

No  mucons  tuber- 
cles. 


I  Always  jiriiccdcO  by  n 
j  cliuicrt*  at  tbe  point  of 
I    TacciD&tioD. 

Charact«rifttic  sypbil- 
idex ;  )N.-rsisk)it.  Ull- 
tiimH     tnlK'n-les     often 

JiTCHCUt. 


Some  further  pointa  of  difltinction  between  vacciiiAl  and  syphilitic 
ptions  will  he  foiind  in  detail  on  p.  075. 

What  I  have  stilted  aNive  will  have  indicated  some  of  the  many 
jccs  of  fallacy  which  liave  to  }*e  guarded  a^iirist  in   tlm  invoatigatioii 

L alleged  case  of  vaccinal  syphilis  ;  and  the  section  on  this  subject 
be  better  hroiight  Ut  a  conclusion  thari  by  quoting  the  judicial 
tcment  made  in  the  Final  Kejwrt  of  the  Koyal  Commission,  1896, 
ngraph  423,  which  is  as  follows: — 

*'The  close  reaemblanco  in  certain  very  rare  cases  of  the  results  of 
!ci!iatiori,  whether  with  ailf  lymi>h  or  humanised  lynijih,  to  those 
ributed  to  syphilis  {a  resembliince  so  close  that  it  has  caused  in  a  few 
es  a  difference  of  opinion  whether  tho  disease  was  syphilis  or  vaccinia), 
I  led  to  the  expression  V»y  I>r.  Creighton  of  the  opinion  that  there  is 
ae  essential  relationship  between  these  two  diseiises.  This,  however,  is 
oint  of  si>eculAtion,  .almost  it  might  be  said  of  transcendental  pathology, 
ID  which  for  practical  purposes  it  is  useless  to  enter.  It  must  bo 
Sdent  to  remark  that,  whatever  may  be  the  relationship  alluded  to,  it 
*l^  if  it  e-vist  at  all,  equally  between  small  pox  and  syphilis  as  between 
ciuation  and  syphilis.      Fov  ;dl    pmctical  pni7>oses  variola  and  vaccinia 

U)th  wholly  distinct  from  syphilis,  and  their  differences  are,  with  the 
*«t  exceptions,  easily  recognised.  They  are  alike  in  lieing  attended  by 
i^ions  of  the  skin  and  mucous  membnuies,  and  exceptionally  by  disease 
be  bones,  eyes,  and  other  parts,  but  in  all  these  it  is  a  question  of 
tiblance  and  not  of  identity  with  which  wo  have  to  deal." 


» 


REFRRENCES  TO  PART  IV.  ON  VACCINAL  SYPHILIS 
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/hid.  p.  122.— 22.  Wrm.     IflustnUiouf  <•/  i'limoal  Sxir^ry,  If*?*,  n.  1U.-21  f- 

"p.    US.— 26.   L<r«.      r«r»-.  r 
m«ri*M-.  ]'.  112.    Bute,  18S0.— 27.  jl/*iZ.  2V/«nr«wi//Ai;..  l.oii  l«u,  Mnv  IT.  157a.-a.ik 


p.    122.— 21.    A/^»*.       Syphi/ii,    p.    108.— 25.    /W'/. 


#/rtj!.  MUUinl.  a.   d.  K.  '}f!>ttiuJlieils>ti,ae,  18M.— 29.    Mni..Ckir.    7Vi.,.».    T^-nJur  .'Ti 

i»p.  1H3,  19(J. — 30.   MrUiUnai  Ktntinttachf:  Mitihnluitffrn  mut  ttrm  A 
r.iUnmir,  \V\.   I.  ii.  ijj.     n«rlin»  1R92-1898.  —  31.  Pbiprr.     .*?'•' 
Wit-u,  1892,  !i.  «2.— 32.  SkaTi>S.    Htfidhook  nf  Vacnnatitm,  rlt 
1803.— 33.   Stipiilfnigni  to  X2th  j-tniniitJ  HrjMrt  of  th*  Local  • 
p.  4r».  —31.  /^H^  p.    46.— St.    VoKJT,    L.      "IJelwr  ImplWi.uM.  i,,      , 
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In  syphilin  ]iAi   lit  vdcciniitioii,"  .-lirA.  jff'M.  de  utAl.  IS60,  imd  '"  L*  sypl.i-.      -     -  . 
r;«;.  fitixi.  lie  muL  it  dt  chir.  18fi5. — 38.    WHiTr.HKAii,  Jauea.      Thtnt  Hrf^^ofik 
CltHical  Hofpital,  Mandtrster.  p.  51.     LuiidoQ,  185P. 


Part  V 

Vaccination  in  Rklatio.n  tm  vaiiious  Disfjisk 

Vaccination  and  tuberculosis. — Tlie  question  of  the  p«»ilitliiT 
of  the  transmi<tgi<)ii  of  tiiUercnlosis  by  vaccination  has  rcceired  wKt 
nttenlioti.  L>t'give  isuttxl  thsit  it  had  been  jjroved  that  the  viwa* 
pustule  could  itaiismit  tul^erde ;  but  no  fvideiico  iviw  brought  forir»n!« 
the  time  in  support  of  the  assertion.  When  traced  to  its  origin  it  n» 
found  to  rest  on  an  account  given  by  Butcl  of  boiuc  experinwBt* 
performed  by  three  Greek  physicians,  and  on  sorao  wcJl-kiw 
experiments  made  by  Touaaaint ; '  and  not  on  any  new  facts  brou(fta  •» 
light  by  the  speaker.  The  three  Greek  ob.server8  are  aUi«d  U>  hn 
inoculate*!  two  rabbits  with  lymph  Uiken  fi-om  a  vaccine  resicU  rwd 
on  a  person  suHering  fi-ou)  '*  jjhthisis  of  the  tii-st  degree."  In  OM  d 
th«?  rabbitH  a  tu1>ercle  was  noticed  at  the  point  of  inooulatioa  at  tl> 
end  of  twelve  days,  and  after  iive  weeks  there  was  gonenlifld 
tuberculosis.  The  author  of  these  statemouta,  in  reply  lo  my  rts* 
for  further  particulars,  expres.seil  his  regret  that  his  notes  were 
Tonssaint's  experiments  consisted  in  vaccuiating  a  tuberculous  co» 
the  vulva  with  lymph  taken  from  a  well-formed  vaccine  vehicle 
on  a  hcidthy  child.  On  the  seventh  and  eighth  day.'' — the  pock* 
then  umbilicatcd — ho  took  lympb  and  with  it  inoculated  foiu  rabb 
a  pig,  a  cat,  and  a  pigeon.  Two  of  the  rabbit.^  were  killed  two  monti*  ' 
later,  and  were  found  to  be  sulfering  fi-oni  tubeivle  at  the  [loiitt 
inoculation,  in  the  lungs,  and  in  the  lymphatic  glands.  The  otiier 
rabbiu,  killed  just  when  they  were  going  to  die,  wore  also  tut 
The   pig  was  killed   142  days  after  inoculation,  and  was  found 

'  Th«  origitml  cnntmuiiicntioii  IH)  «m  idmIv  tu  ]891  :  "*  Not«  piVwetit^  i  Vi 
8aii»nc»  !«  8  AnftI,  1881.     Infection  tnbenmleTiw  par  Ie»  lUjaMr*  ii«a  wta^Mtmt*  •!  |*^ 
•^roait^  del  pn&tulcj  dr  ract'iit." 
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Nntfaring  from  widely^Hstrihiit^d  calcareous  and  ciiseous  tuberctiJous 
iaodules.  The  cat  and  the  pigeon  were  killed  on  the  sixtieth  day  and 
did  not  ahew  any  ei^n  of  tiiWcle. 

Thest;  ex]>enmeiiLs  are  ^juuted  heamse  they  are  the  only  ones,  so 
liir  M  I  am  aware,  which  have  been  seriously  advanced  in  support  of 
ibe  above  statement  made  by  Degive.  They  should  be  accepted 
witii  great  reserve,  as  tbe  aoiiPces  of  fallacy  in  their  method  are 
(ibviniis.  The  first  series,  without  more  detail,  which  unfoi'tnnately 
awnot  now  l»e  givei»,  can  hardly  be  said  to  have  any  demonstrative 
raliie;  the  second  fleries  (Tonssyiint'H)  are  inconclusive,  as  the  vaccina- 
tion was  performed  on  a  part  which,  if  any  tuberculous  excreta  were 
tmsMMl,  could  hanlly  fail  to  be  cuntaminateil.  It  may  tje  pointed  out 
thai  the  cow  selected  was  obviously  tul>erculou&,  and  that  cxperimenls 
performed  with  lymph  taken  from  the  cow  on  the  seventh  and  eighth 
dajfl,  nntl  from  vaccine  vesicles  in  fiuch  a  position  and  in  such  circuni- 
sUnces,  can  have  little  or  no  practical  bearing  on  the  transmission  of 
tfllwrciilosis  in  the  ordinary  course  of  vaccination.*  If  any  fnrther 
endonce  were  needed  to  shew  how  little  reliance  CJin  be  placed  on  these 
^experiments  in  support  of  the  allegation  that  there  is  in  fact  a 
wiUtontial  danger  of  inoculating  tuberculosis  \n'th  vaccination,  it  may  be 
pointed  out — 

1.  That  vaccine  lymph  is  obtained  from  calves  and  not  from  adult 
oovs;  and  even  if  it  were  obtained  from  ailult  animals,  those  obviously 
tuberculous  would  not  be  selected  for  the  purpose.- 

2.  That  calves  are  very  little  liable  to  tuberculosis.  It  is  stated 
hj*  Fiirst  (20),  on  the  authority  of  Ffeiffer,  that  only  one  case  of 
"perlsucht  "  occurred  during  the  Brst  four  months  of  life  amongst 
.34.400  calves ;  and  these  numbers  are  >)ornc  out  by  the  statistics  of 
the  abattoirs  at  Augsburg  and  Munich,  only  one  tuberculous  calf  being 
found  amongst  22,230  at  the  former  place,  and  even  less  frequently  at 
the  Utter  ;29).  Yet  this  almost  inappi-eciablc  source  of  danger  can  be 
avoided  by  the  simple  precaution  of  not  using  the  lymph  from  any  calf 
until  the  animal  hiis  been  killed  and  proved  to  be  entirely  free  from 
dise;ise.     Such,  indeed,  is  the  pmclice  in  soma  piirts  of  Germany. 

Besides  those  mentioned  above,  a  large  nnmbt;r  of  ex{>erimental 
jncjairios  have  Iweu  undertiLkuri  to  iiscertain  whether  the  lymph  taken  from 
the  vesicles  of  a  person  undoubtedly  suffering  from  tuberculosis  contains 
tubercle  bacilli,  or  is  capiible  of  transmitting  tuberculosis  to  susceptible 
animals.  Amongst  them  may  be  mentioned  those  of  .lossenind.  Acker, 
Lothar  Meyer,  Straus,  and  Peiper.  JoRserand's  and  Straus's  papers  con- 
tain references  to  inoculation  experiment^!,  and  Peiper's  article  contaitia 

>  In  the  Minority  Rejiort  of  thv  R.C.V.,  (mnigrapli  21B.  p.  202,  It  U  8Ut«d  Ui«t  "the 
txperfmentji  of  Toanauit  iudicAtu  t1i«  poMibtlitj'  of  iunculutiDf<  tutwrcle  npou  auiuuiU  by 
vaccinAtinn  "  (rer«ratHM  being  tiuulo  to  nniiwor  22,71 4 1.  But  no  new  fticts  Are  broaght 
(orwArtl. 

"  The  ciilTM  uiw«l  for  the  L.(1.B.  supply  of  vaccine  lymph  ar«  cnrot'iiUy  fxamlne^,  anti  if 
thvre  he  any  siwpinion  of  tiiliepculosia  the  wholt  of  Uie  lynijili-pnlp  from  that  calf  is 
daiitroyed.     Tlit*  "  Irniph  "  in  also  tnattd  with  glycfirin  vbich  destroyx  taberde  bacilli. 


references  to  a  considerable  immbei'  of  cases  of  tubercle  accidenUllT 
inoculated.      None   of    tbefie    observers    were   able    to   detect   tnl 
luioilli  in  the  lymph  rait«c<l  on  tuberculous  vuccinifers  (hum&n  or  bo\-iit()] 
and  none  of  the  unimals  inoculated  with  the  lymph  iHken  from  8truii\ 
CHsea  shewed  evon    n  suspicion  of  tuberculosis   after   inoculation.    U^ 
•Josserand'e  coses  the  post-mortem   examinations  gave   negatii*e  ranilti 
in    forty-three   of    th«   forty-seven  aiiiioHls  inoculated  ;    not    one  pt» 
conclusive  evidence  of  tuberctdosis,  nnd  one  only  had  enlargement  of  tKi 
glands  in  immediate  relation  to  the  point  of  inoculation.     The  hmph 
in    these   cases    was   obtH,ined     by    vaccinating    individuAls     obmiulf 
tuberculous  ;  and,  when  thus  obtained,  it  was  used  for  inoculating  tb.^ 
animals    exfierimentcd   on   by  injecting   it  into   the    peritoneal 
tiTidLr  the    skin,    or  into    the    anterior   chamber  of  the    eye 
pnxiuce   the  maximum   rcsidt.     In   fact  the  experiments  were  drmp 
a  manner  which  could  not  possibly  have  it«  counterpart  in  vuxiiuu 
Farther,    it  is  important  to   l>ear   in  mind  that  it  is  very  dUficoh 
obtjtin    tuberculous    infection    by   simple    scratching  of    tJhe  skin ; 
thi.-*  fact,  which  is  in  accordance  with  common  experience,  has  rwfi^ 
confirmation  from  Chauveau's  (lo,  9)  experiments.     He  found  ikxt 
five   instances  in    which   he   endcavoure<l    to    produce    tuberculoa* 
means  of  inocnhitiun   through   the   medium   of  the   skin,    not  only  w'tc 
the  restdts  negative,  but  also  no  sign  uf  tubercle  was  found  in  aiiT 
the  scars.     It  is  probable  that  in  those  cases  of   local  tuberculons 
iX'ulation  which  orcur  after  t^ittJ^ioing,  cuts,  and  the  like,  the  wound 
always    penetrated   the  skin    mi    that    the  infection  took   place   in  il 
subcuUneous  tiivsue.     No  undouhted  case  of  invaccinated  tnl»ervlc 
lirou^'lit    before    the    Koyal    Commission    on    Vdccination  ;    but  Sir 
Ffcirlow  has  reported  one  nise  in  which  lesions,  believed  to  he  tuberflilt»n 
appeared  in  the  skin  uf  a  child  who  had  l>een  vaccinated  thrt*  motil 
previously.     The  vaccination  in  this  case  pursued  a  normal  courec, 
there  were  no  tuberculous  lesions  affecting  the  vaci^ination  sitci  or 
lymphatic  glands  in  the  axilla  on  the  same  side  as  the  ^-accination. 
child's  father  hml  dierl  uf  sr»me  jioute  pulmonary  disease  of  three  inont 
duration,  probably  tnlwrculous. 

A  similar  case  is  reconied  by  .Marocco  {'26,  20).     In  this  inslaiiceti* 
child  tlicd  of  tuberculosis  four  months  after  Iwing  vaccinated  witli 
lymph.     The    pocks    heale<l  well,    and    suVfScqiiently   Hissominiiteii 
papules  appeared  ;  these  suppurated,  and  caseous  abscesses  formed  it>ul 
the  jointA.      No  details  are  given  of  previous  or  family  histories,  so 
this  in;iy  have  l>een  no  more  than  one  of  those  coinci«lonces  which  tut 
occasionally  occur  after  vaccination,  without  any  causal  relatious 
the  operation  and  the  sulisequent  event.* 

■  In  the  Miiiority  Keport  li.C.V.  ISPfi,  paragraph  219,  p.  202.  H  ii  ct«t«l 
1>een  fouixl  t)i»t  tul>er>^u]()U!>  iliwatEC  cau  )«  reatUly  coureyed  from  Jofccted  Mdmi 
anliniilf*  or  pcninuft  hy  the  in^liiini  uf  infei'te^l  nnlmAl  prodiitta  mcli  u  milk,' 
in  cttrtuin  cjn.>uiit<(tAiiccji  lhi>  ^tiiU-iiioiit  mar  W  correct,  it  ha*  Httte  or  no  dinet  terd 
VRccinntion.     Tal>«ral(<  Uurillt  iiavr  ticvt-r  yet  been  dM«ctcil  Ui  Tacvine  iTmph,  fvn 
raiaeil  oa  tuberculous  indiviiluslA  (nucb  im  coultl  not  potailily  W  xekcteil  aa  nMlliti 


VACCINIA  m  MAN — A  CLINICAL  STUDY 


733 


I  have  Been  only  one  case  of  death  from  acute  miliary  tulxsrculoeis 

an  iu^Miit  within  the  firat  few  weeks  after  vjiccination :  iu  this  caw 
!o.  207,  Appendix  ix.  to  the  Final  Kcport  of  R.C.V.,  p.  307) 
«  Hounds  healed  completely,  and  alwut  twelve  weeks  after  vaccination 
ftphild  die<l  of  acute  niilijiry  t!iI»ercnlosi.w.  The  [tosi-moitem  examina- 
B shewed  that  theie  wtis  no  indumtion  in  or  around  the  vaccination 
ITS,  which  were  well  and  firmly  healed  ;  norwiw  there  any  enlai'gement 

tlie  axillar}*  or  cervicid  glands.  There  was,  in  fact,  nothing  in  the 
loditioti  of  the  scars,  or  of  the  glands  in  relation  with  them,  to  suggest 
lat  the  vacciriiition  and  the  tuberculosis  were  in  any  w;iy  connected. 

From  the  facta  which  up  to  the  present  time  luive  been  brought  to 
^t,  it  would  seem  to  be  certain  that  the  communication  of  tuberculosis 

the  course  of  viiccination  is  of  such  exceeding  rarity  that  it  is  even 
>ubtfu)  whether  it  haa  over  been  so  transmitted.  This  Utter  conclusion 
IB  been  arrived  at  by  many  observers  both  on  practical  and  scientific 
tmnils.  Bollinger  goes  so  far  as  to  say  that  the  iriutuliition  of  tul>er- 
llosie  in  viiccination  is  to  be  di^nicd  absolutely  ;  and  Dr.  Heron,  who 
ts  paid  great  attention  to  the  fjuestion  of  the  tmnsraissibility  of 
l>erculusis  from  one  individual  to  anoiher,  infotnis  me  that  he  does 
't  know  of  any  recorded  case  in  which  the  transmission  of  tuberculosis 

lupus  could  rightly  bo  attributed  to  vaccination. 

Vaccination  and  lupus. — Lupus  affecting  the  seat  of  vaccination  has 
L'n  observed  in  some  few  instances ;  but  it  is  much  to  be  regretteii  that 

none  of  the  recorded  c;i3es  with  which  I  am  acquainted  has  it  been 
isible  to  determine  with  anything  ap|)roaching  to  certainty  whether 
>  disease  was  invaccinatcd,  or  whether  the  case  was  merely  an  ordinary 
Hw  attacking  the  vaccination  soar ;  or  even  to  shew  whether  the  lymph 
He  from  a  conUiUiinated  siturce,  or  was  jnesunialjly  capable  of  exciting 
r  but  the  specific  effects  of  vaccination.  Mr.  Hutchinson  ('J  1)  and 
iai  (10)  are  of  opinion  that,  in  the  cases  recortted,  there  is  not 
ficienl  ground  for  believing  that  lujius  rcsidled  directly  from  vaccina- 
n,  but  that  it  was  duo  to  the  patient's  constitutional  tcnJencics.  There 
some  justificiition  for  this  opinion ;  but  there  is  no  evidence  that  lupus 
I  be  trinsferred  by  inoculation  from  one  jwrson  to  another.  \'iflal, 
leed,  states  thjit  his  numerous  attempts  to  Liccomplish  it  have  failed. 

Dr.  Colcott  Kox  informs  me  that  he  has  sceii  a  c^ise  in  which  lujjus 
pin  in  one  of  the  vaccination  scare  slir>rll3-  after  the  sore  had  liealed. 
iperiosCeal  tuberculous  nodides,  with  a  disseminated  lupus,  afterwards 
»eared ;  and  after  death  it  was  found  that  the  chikl  was  suffering 
[ji  pulmonary  tul>erculosis.  There  is  no  record  in  this  case  of  the 
rce  of  lymph ;  and,  as  one  other  child  in  the  same  family  died  of 


^  further,  Uio  milk  of  tnberculpus  cow»  i«  ouly  known  to  t>e  infective  when  ^wx'n  L)* 
1  tabcrctilouo  liiiw-ase  in  the  tnainmw>-  gtainl.  There  is  no  eviileiict  that  tin?  milk  flf 
•rcu)ou!«  ttidiviiluaU  in  whuiii  the  ^Iniid  w-  hvAltlijr  tither  contAins  tiiherck-  liiu-illi  or  U 
ilil<>  tif  eomniiiiti>atin)^  the  diseoAp.  ThU  opinion  is  shiired  by  Dr.  Sidiiay  Martin,  to 
ni  I  am  iodebttfi)  for  iDfonnalioii  oo  thu  Aiibjcct.  It  mitct  nlo  W  n^niviiilHrreil  that  Prof, 
h  bM5  exprv^«»m)  jrravft  danliU  a.*  to  tlie  tmiisuisaiblllty  of  boviae  tubercnloaie  to  the 
MU  upocies  througli  infected  TixmL 
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itibtirculoais,  it  is  possible  that  this  child  wus  already  tuberculous  at  the 
time  of  vaccination,  and  that  the  operation  acted  morcly  a«  the  exciting 
cause  of  the  acute  disease :  this  often  happens  in  children  after  the  tiaft- 
ihemn,  and  even  after  mechanical  injuries.  In  the  only  i-aae  oi  p*t- 
vaccinal  lupus  which  I  have  myself  seen  and  inveatig;it(Kl  ((*.')  Atwj  i*. 
Sixth  Report  of  RC.V.,  p.  HI),  the  evidence  was  very  iuconclLsirf. 
The  child  was  vaccinated  in  four  places,  tw(}  of  the  vaccination  wntindi 
did  not  heal  completely,  and  two  are  stated  not  to  have  healed  for  two 
years  ;  the  lupus  from  which  the  child  aft<?rward8  suffered  is  beltrir«! 
to  have  originated  in  one  nf  the  scars  ;  and  when  the  case  was  first  smo 
five  years   later,   the   whole   of  the  vaccinated  ar«a    waa  iu%*olved  (w 


Pio.  'JO.— Lunu  ftthctinit  Uie  Kent  of  VMcmfttUm.     I>niwa  9  yemrs  mO^  iJi<<  utwriUon.     Fbr  4kiM>*  '^ 
tiie  cmh  •«>  tvit,  Uil  Cmb  3tl,  p.  74-2,  Aii|w<)idlx  tx.  to  KtnsI  Krimrt  R  C.V.  m< 

Fig.  20).  This  child  was  the  second  of  six  children,  and  no  nwm^'*' 
of  the  family  was  known  to  be  tuberculous.  The  source  of  tJjc  lyml" 
could  not  be  traced.  Cases  reported  by  Lennander  and  Besnier  «*^ 
not  more  conclusive.  -  The  one  was  seen  eighteen  years  after  vaccinati*^'' 
ibe  othor  more  than  thirty-four  years  afterwards.  In  Lennander's  c=** 
vaccination  is  said  to  have  Imjch  normal ;  and  thon«,'h  lupus  ha<l  «»■* 
raenced  in  the  scar,  ami  there  was  a  Bmatl  ulcer  when  the  bny  was  *^ 
years  old,  a  doctor  was  not  consulted  abf)ut  it  luitil  he  invs  seventc^^ 
When  tirst  seen  by  Loiuiander^  the  ap]icaranccs  of  the  original  fl»ro  W^ 
been  much  altered  by  treatment;  but  the  case  was  proved,  ^ 
micrnsixipic  examination,  to  Iw  tuberculous.  No  conclusion  seems  to 
warranted  from  these  cases,  except  that  lupus  may  attack  a  vaociiiati^ 
scar,  as  it  may  attack  an}'  cicatrix ;  and,  even  supposing  the  local  lesj^ 
to  have  no  causal  relation  with   vaccination,   it  is  remarkablct,  wei^ 
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frequently  lupus  occurs,  that  there  are  not  more  caACS  on  record, 
lu-    to    those    given    nbove,    in    which    tho    ilisease    attacked    the 

/acclnailon  and  "scrofula." — Tho  further  question  ai'isea  whether 
ination  be  '\\\  any  w-ay  res])onsible  for  the  production  of  the  chi-onic 
rculona  diaciiscH  which  are  included  under  tlie  nitmes  tabes  mcsen- 
a  and  scrofula.  The  number  of  ehildt^n  among&t  the  labouring 
«6  who  suffer  from  these  compluintB  makes  it  certain  that  some 
sts  will  sicken  and  ilie  nf  thuni  within  a  few  weeks  or  months  of 
tnition  ;  and,  although  vaccination  may  be  in  no  way  tho  cause  of 
disease^  it  may  and  must  always  Ihi  clifitcult  in  such  wises  rightly  to 
)rtion  the  precise  effect  of  inheritance,  circumstances,  and  vitccinjiiion— 
tially  if,  owing  to  feeble  health,  degenerate  tissues,  and  bitd  surround- 
,  vaccination  has  been  followed  by  ulceration,  glandular  abscess,  or 
a  8uch  complication  likely  to  excite  febrile  disturbance.  A  long 
liry  into  such  a  case  will  l>e  found  on  p.  374,  App.  to  Final  Keport 
.V.  1896.  Further,  the  length  of  time  necessjiry  for  the  evolution  of 
disease  is  so  protracted  that  the  all-powerful  factors  of  inheritance, 
imstances,  food,  clothing,  and  so  forth,  which  exert  their  influence  on 
hves  of  all  infants,  have  full  time  to  make  themsc^lves  felt,  and 
lor  it  practically  impossible  to  draw  sound  conclusions  from  individual 
s.  In  order,  then,  that  some  estimate  may  bo  made  as  to  the  effect  of 
illation  on  the  prevalence  of  tlio  diseiises  named,  a  wider  survey  nnist 
Uiken.  Durinj^  the  forty  years  ended  lts9U  the  ItegiBtrar-lionemrs 
ma  shewed  an  increiise  in  the  number  of  deaths  ascribed  to  tiibcs 
enterica  and  scrofula,  and  a  decrejise  in  the  allied  diseases  of  hydro- 
talus  and  phthisis.  How  much  of  this  was  due  to  better  diagnosis  and 
ransferonce  of  cases  from  one  class  to  another  it  ia  Impossible  to  say ; 
that  the  increase  is  not  due  to  vaccination  may  be  inferred  from  the 
ester  statistics,  which  prove  to  bu  a  useful  st-andarrl  for  comparison. 
jeioestcr  the  increase  in  deaths  from  tabes  mosentenea  and  scrofula 
ng  1883-87,  as  compared  with  the  years  1863-67,  was  258  per 
;  the  increase  for  England  and  Wales  during  the  same  period  was  26*8 
cent ;  from  this  it  may  be  inferred  that,  within  reasonable  limits  of 
r,  Leicester  i*,  in  this  respect,  as  badly  off  without  vaccination  as  the 
of  England  is  with  it.  In  the  opinion  of  those  best  rpmlified  to  judge, 
facts  brought  before  the  Vaocination  Commission  do  not  warrant  the 
tion  that  the  increased  mortality  from  the  diseases  under  considera- 
!s  in  any  way  due  to  vaccination  (18). 

i^accination  and  leprosy. — It  has  often  been  asserted  that  leprosy 
be,  and  has  been,  spread  by  vaccination  ;  and  some  few  individual 
(  have  been  brought  forward  iia  evidence  in  favour  of  the  view.  To 
rmine  whether  this  is  possible  it  must  bo  shewn:  — 

1.  That  leprosy  can  be  communicated  directly  by  inoculation. 

2.  That  leprosy  bacilli  can  be  detected  in  vaccine  vesicles  raised  on  a 
•  at  tlie  place  whore  the  skin  is  healthy. 

I.  That   intlividual  cases   have   been    observed   in   which,   from   tho 
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evidence,   there   is  good  ground   for  believing   that   leprmy  hu  )Ha| 
(iccidenUdly  invaccinated. 

The  o^ndence  on  the  Hrst  point,  namely,  the  geuenil  4uestion  al 
commiiniciihility  of  leprosy  directly  from  one  individual  to  anoUier,  ii{ 
conflicting  and  eontr.iiiiclory.  A  Ciise  recorded  by  Dr.  Hawirey  Benunii 
important  ris  giving  ground  for  the  suspicion  that  in  exceptional 
etinces  the  (h'fleiise  may  ho  so  communicated.  In  this  instnnw,  tin 
hrothers  lived  atul  slept  to^eiher ;  one  had  (X)ntrftcted  leprosy  in  iIm 
"Indie*."  He  died,  :ind  three  years  Liter  his  brother,  who  had  oei 
been  out  of  the  United  Kingdom  l>ut  hiul  worn  his  clothes,  sIm 
symptoms  of  the  disease.  This  uiae  is  far  more  coDvincing  thaii 
which  occur  in  countries  where  leprosy  is  endemic ;  though  it  does 
justify  any  deduction  :i8  to  the  reality  of  the  alleged  danger  of  wo 
municating  the  disease  by  vaccination.  So  far  as  the  evidence  ^uc»  ii 
present  it  must  be  considered  extremely  doubtful  whether  the  disrAw  lus 
ever  been  communicated  directly  or  indirectly  in  the  ordinary  coume  nf 
this  operation.^  Notwithstanding  all  that  has  been  said  by  those  vii>i 
are  of  opinion  that  the  increase  in  leprosy,  which  has  occurred  in  mvicof 
the  places  where  the  disease  is  endemic,  is  largely  due  to  vao.^iiiiiUoo,  lui 
one  case  in  which  there  was  any  sufficient  evidence  to  justify  siuh  a 
statement  was  brought  before  the  Koyal  Commission  of  18H;»-96.  Oit 
the  contrary,  those  who  have  had  the  widest  experience  aiul  thi*  he*, 
oppoitunities  of  forming  a  correct  judgment — such  men  as  Dr.  BjirKcn 
of  Bergen,  and  the  late  Dr.  Beavan  Kake,  medical  superintendent  of  iW 
Lcjicr  Asylum  at  Trinidad — did  not  consider  that  any  such  infer«ace 
could  bo  dniwn  from  the  duia  available.  These  opinions,  w  .'; 
in  theraselveB,  are  snpjiortixl  by  the  fact  that  in  New  Zealand,  I" 
Norway,  and  Itidia,  leprosy  has  Bteu<lily  declined  (19),  aUh«>ugh  varotur 
tion  has  been  widely  practised;  while  in  the  iSandmch  Islands  it  bs  «t 
the  siirae  time  largely  increased.  I>r.  Hansen  has  never  80««  a  c«*e  ^ 
invaccinated  leprosy  ;  bo  informs  me  that  in  1890  he  sent  out  a  circoltf 
to  all  i»hystcians  in  Norway,  asking  whether  they  had  obseiTcd  any  c»* 
of  leprosy  occasioned  by  vaccination.  This  inquiry  failed  to  trace  ft  lU'S^ 
case  in  which  there  was  giouml  for  believing  that  lepiYuy  bad  Iwon  M 
caused.  The  importance  of  such  a  stuiement  is  obvious  when  rt  »• 
remembered  that  vaccination  is  efficiently  carried  on  throughout 
country. 

To  prove  that  there  is  prima  facie  ground  for  beliei-ing  that  lepi 
may  l>e  invaccinate<l,  reference  has  heen  fr«ujii**ntly  mmle  to  the  fnlloi 
experiments  made  by  Arning  (.1,  4).  Ho  inoculated  the  left  forearm  rrf» 
native  Hawaiian  with  a  portion  of  leprous  notlule  ;  a  month  later  the  tutn 
suffered  from  pain  in  the  left  shoulder,  elbow,  and  wrist^  with  |nUD!al 

1  Tl)«  wbole  qiit^tion  will  1>i>  fouoti  fatly  tUicutMMl  from  the  !>cii>uUJk  point  of  tstv  ta 
Vive  jK'urml  iif  tht  Uynt»j/  /»iv^ij/a/iVn  Committfc,  L^-tl.  ISO.  141  :  liL  W) ;  (¥.33-41.  Tt, 
mill  rn>ni  the  opjiOftitr  hiilv.  in  the  JtecrmlfM^htr  i\f  LeimiM^  and  it*  CauMUian^  by  W.  IVUi, 
I^tn»l-ni,  ISHfl.  See  alwf  Itnjivim  lUke,  Mf^ficnl  Jt/^font,  Nt-w  York,  18W,  »oi,  xUc,  p^  JOJ, 
ftui!  /J/yr/rt  OH  ttfm*»!/ /tf  thr  /tmr  1892.  Triniiliul.  1SP3  ;  alw  Pblneo*  Abrmlnu. 
K//.  /mtemAt.  Ctmffr,  of  hygiene,  Loutkm,  1  SVt!,  vol.  L  pb  894. 
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lling  of  the  ulniir  ;ind  inedi.'Lii  nerves.  During  th«  next  aix  niontlia 
iho  tiL'iiritis  gmduAUy  subsided,  and  a  smiill  leprous  nodule  foi-nicd  iit  the 
point  "tf  iuocidaliou.  Leprosy  bacilli  were  present  for  six  monlhs.  Two 
Mill  a  half  yciira  later  the  Bynijjtoms  of  leprosy  were  dellniU! ;  and  ii  year 
xfienviirds  the  disease  wjis  at  its  height.  The  fallacy  of  drawing  any 
iction  from  such  a  cjise,  to  prove  the  danger  of  inoeuLiting  ]epr(»sy  by 
ilion,  is  too  obvious  to  need  eummunt ;  for,  a^uirt  fnmi  the  fati  that 
ion  does  not  consist  in  inoculation  with  leprous  tissue  or  cultures 
iy  iMiciUi,  the  man  cunie  of  a  leprous  family,  and  lived  in  a  place 
ii%ef<»  lepro&y  wah  endemic.  Even  Aming  hiraself  does  not  afipear  to 
runsider  that  the  case  proves  conclusively  that  leprosy  was  inoculated. 
Inoculation  ex^wriinentfl  have  been  made  by  other  competent  observers, 

Eially  by  Danielssen  and  Han-sen ;  hut  the  results  were  entirely  negative. 
miiig  (5)  detected  leprosy  bacilli  in  the  lymph  of  vaccination-vesicles 
t  oil  the  skin  of  an  luhaneed  case  of  tubercular  leprosy* ;  but  he  did 
lot  detect  any  in  lymph  from  two  caaes  of  ano-sthetic  leprosy.  On  the 
ther  hand»  Drs.  Beavan  liake  (7)  and  Buckmaster  (24)  examined  a  largo 
umber  of  caites  in  a  similar  manner,  and  in  most  cases  did  not  find  any 
racfi  of  liacilli.  In  the  cases  in  which  the  part  vaccinated  wjis  ob\'ionsly 
iseased  they  found  suspicious-looking  rod  like  bodies;  but,  as  l^avaii 
lake  stated,  even  if  the  doubtfid  cases  be  ailmitted  as  evidence  that 
■prosy  liacilli  are  to  be  found  in  a  vaccine  vesicle  raised  on  a  patch  of 
ibercular  leprosy,  it  has  no  bearing  on  the  question  at  issue ;  since  no 
wponsible  person  would  think  of  vaccinating  a  leper  on  an  aH'ecl^d  prt, 
nd  iising  lymph  from  vesicles  so  obtained  for  further  vaccinations. 
The  conclusions  these  observers  arrived  at  are  as  follows  \— 
1.  That  the  alleged  cases  of  transmission  of  lepi-osy  by  vaccination  are 
pen  to  serious  doulit. 

KThat,  assuming  the  presence  of  leprasy  bacilli  to  be  neces-sarv  to 
ce  leprosy,  no  danger  need  be  appreiiende<J  from  the  vaccine  lymph 
fen  of  an  actual  leper ;  providcrl  he  be  vaccinated  on  hcidthy  skin. 

Turning  fix>m  the  experimental  to  the  jiractical  side  of  the  ipiestion 
be  evidence  is  even  less  precise  and  conclusive.  Two  series  of  cases 
ave  been  repeatedly  quoted  as  giWng  some  ground  for  the  suspicion  that 
iprofty  might  be  communicated  in  the  ordinary  process  of  vaccination, 
'he  first  of  these  cases  was  recorded  by  Sir  \V.  T.  Gairdner  *  and  is  as 
allows : — 

Dr.  X.,  living  in  a  tropical  island  where  leprosy  was  endemic,  vaccinated 
i&  own  son  from  a  native  child,  and  from  his  own  boy  in  turn  vaccinated 
third  child.     Both  the  latter  in  after-years  sufl'eretJ  from  leprosy.     The 

*  **  A  Reiiiarkalilc  BiperifUre  concerning  Ijirprtisy,"  rtr..  flritish  Mtdxcai  JattmfU.  1SS7, 

iL  L  ]k.  12(19.      I  luiv«  ntiulH  evvry  vffbrt  to  tr&ce  the  Vdcciiiirer  in  tlti«  dLtv,  ut  it  in  ODi*  not 

*      I"  -'■"'    l.iii  of  practical  iiitt-r«>t.     Dr.  X.  i-*  <l«B«t :   Mr.  Riicker.  wlio  wrot*?  to  Mr. 

-  that  he  knew  all  al>oiit  thti  Cjk'ie.  gave  thu  ivToDf:  iiiitiiil!<  for  the  fttthi-r  uml 

..  i.-tL  lor  tbu  »<-hool  nt.  which  the  Hoy  hwl  li*rn.  .sn  that  hij(  statmicjit  rc«|iiiret 

(i:  neither  Sir  W.  T.  tinJnlner,  iJr.  Backmastiir,  Dr.  Beavu  Rake,  uur  l>r.  W. 

«v   niorc  of  thi'  onso  thau   fXaXvA  above.     I  liiive  not  recei?!-*!  any  reply  to  the 

quuva.  I  have  aailr«(!>eil  to  Mr.  lUcker  and  Dr.  Fuley,  wlio  both  fipcak  as  tboU|{li  thvy 

rTb  aci]iiftiuLt<I  with  the  circumstauctra. 

vou  II. — PT.  r  3  n 


mitive  child  was  said  to  have  come  of  a  leprous  family,  and  Sir  IV  T. 
Gairdner  writes  that  he  "undci'storMl  (though  ]>erhaps  not  defiiiitclT  to 
stfited)  that  leprosy  had  declared  itself  ixi  the  native  child  a{t«r  vinm 
tion "  ;  of  this  fiict^  iiowever,  there  was  so  niHcli  uncertjiinty  ihil  lb  i 
subsequent  lettoi-  to  the  Briiish  ^f{fllirrtl  Jouninl  (13)  he  modified  dm 
statement,  and  sayn  that  the  doctor's  child  was  vaccinated  from  a  wtin 
child  who  was  "  proKably  not  an  actual  or  :ij»iMirciit  leper."     ThiiK  i    ' 
much-quoted  case  there  is  no  evidence  that  the  children,  who  jsomi' 
later  becjime  le[>ers,  were  in  fact  vaccinated  from  a  child  surttrin^  ii  it* 
time  from  leprosy.     Neither  is  it  known   that  the  latter  6ubfiei{ueQUj 
became  a  leper.     Again,  there  is  no  information  oa  to  the  date  or  ntiu 
tion  of  the  first  appearance  of  the  le|trol^y  :  and  during  the  time  vhti 
intcivened  between  vaccination  and  the  development  of  the  distoK  Ow 
children  appear  to  hiive  been  living  in  a  country  in  which  Icpr^-i  " 
endemic     Su  much  attentiuu  would  not  be  cjilied  to  this  ca&^'  were  u  ;:  >r 
that  it  hiLS  been  almost  invariably  quoted  as  one  in  which  the  ivo  bop 
vrho  suffered  from  leprosy  had  been  vaccinated  from  a  native  child  wfc» 
afterwarlK  be<.'^me  leprous  ;  *  and  much  greater  weight  has  been  atuclxd 
to  it  on  this  account  thiiu  it  rightly  deserves.''     The  other  cla«iicAi««* 
are    reported  by   Daubler  (16).      Two    women    were    \-accinAtO(I   fnmi  * 
[):ktient  who  Kul>sequontly  died  of  tubercular  leprosy.     In  both  iiuunea 
leprous  nodules  Hrst  appeared  on  the  forehead  luid  checks ;  in  the  w 
case  eighteen  weeks,  and  in  the  other  about  eight  weeks  after  vaeciotuuB. 
They  were  not  seen  by  Daubler  until  some  years  later  (prolwibly  alioul^jl: 
and  tiiere  is  no  evidence  to  shew  that  the  vaccinifer  was  leprous  at  tkr 
time  when  vaccination  was  performed :  nor  in  cither  case  was  there 
e^ndence  that  the  disease  began  in  the  vaccination  seal's,  or  subeoqun 
affected  them.      Tt  is  worthy  of  note  that  leprosy  appeare*!  in  bo(i 
in  less  than  five  months;  and  as  the  late  Dr.  Beavan  Kake 
clinical  e\|)erience  does  not  warrant  the  belief  that  a  di.se:ise  so 
chronic  as  leprosy  is  pro<luced  so  soon  after  iiuK-uUtion.     Other 
examples  might  be  given  ;  but  the  above  will  siitficc  to  shew  thai 
doubtful  whether  leprosy  can  lie  inoculated  even  in  exceptional  fi 
atrtnces.     Sliould  this  possibility,  however,  \ie  proved,  the  (liwJW! 
hardly  be  inoculated  under  the  conditions  which  occur  in  \Ticcin»ti'^ 
flince,  apart  from  the  fact  that  a  person  suffering  from  leprosy  or 
of  a  leprous  family  would  not  in  any  circumstances  be  used  its  a  v-ACcinii 
there  is  ground  for  believing  that  vesicles  developed  on  healthy  skin 
not  contain  the  sjic-t^Br-  vinm  r^ijuible  of  coniniunicitiug  leprosy. 
Vaccination  and  cancer.^'^Thcre  is  no  authentic  aue  on  recoi 
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*  CY.  IImitui  llAkc  Aittl  BiirkinoKtor,  Journal  of  l^jmigjf  inwJitioatum  f^*iN«*tt«r» 
p.  32 :  Repwt  u( l^pfa*f  rViMmt'«i*»M  i'h  Jntiut.  Appeoilu  L.  p.  4l4  ;  Beavau  lUiDe,  M* 
tttfordt  New  York,  toe,  cit.  j>  708  ;  Phineiis  Ahnthsm,  /or.  di.  p.  0. 

'  Cf.  C.  F.  Cvtur,  T.rjm^  anit  VttcctHalton  Vh  BritUk  tfuuita;  Jtmmal  ^ 
inrrnti'tntinK  f^nnmilUe,  Nu.  1,  p.  89  ;  aD<l  I'ltiiicikfe  Abrobam,  tiK.  eii.  p.  S,  nnl*. 

*  ("ilijwtiuu  may  l»e  raiiml  lo  the  iiw  of  llic  wnnl  **  ciuicer  "  ah  t«in  vague,      (t  i»  Ibr 
tux*')  l>y  Mr   A.  R.  Wnllaot).     HurD  it  is  not  rexitictcd  U>  iia  Ut'fanit-^  tUMninit,  bqt 
nil  fonns  of  lunlignaot  nroplum. 
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irhich  cancer  has  resulted  frnin  vaccinatiDn  :  neither  have  I  seen  nor  been 
ii)tle  to  trace  any  case  of  cancer  aH'ectitig  the  vaccination  .soar.  No  mention 
wonkl  lie  made  of  the  subject,  were  not  cancer  one  of  the  Ui&eases  the 
iMreaae  of  which  hiw  been  attributed  to  vaccination  (32). 
H  Apart  from  this  clinical  evidence,  which  is  very  etrong,  the  statistical 
evidence  is  still  stronger  \  as  may  be  seen  from  the  fdllowing  {act*  : — 

1.  The  mortality  from  cancer  dunng  each  quin'inenTiial  period  of  the 
first  Hfteen  years  of  life  Hjw  deciraned.^ 

2.  The  increased  mortality  from  cancer  is  greatest  at  the  period  of 
life  furthest  removed  from  vaccination. 

3.  The  whole  of  the  recorded  increase  in  cancer  has  taken  place  in 
isaccessible  c^mcer ;  that  is,  in  circumstances  in  which  exact  diagnosis  is 

rcult. 
4-  There  has  been  practically  no  increase  of  cancer  in  accessible 
parts. 

feThe  whole  subject  was  ably  worked  out  by  Mr.  Cleorge  King,  late 
lary  of  the  London  Life  Office,  and  Dr.  Arthur  Newsholme  (28),  who, 
r  examining  all  the  evidence,  drew  the  conclusion  that  the  increase 
in  cancer  is  ap^uirent  only,  and  is  due  to  improvement  in  diagnosis  and 
more  careful  certilii^aiion  of  iUl'  cauf^cs  of  death. 

Vaccination  and  epizootic  disease. — No  case  of  epizootic  disease 
resulting  from  vaccination,  or  asstKiated  with  it,  has,  so  far  as  I  am 
aware,  been  recorded  in  this  country.  Three  cases  of  aphthous  stoma- 
titis occurring  during  the  vaccination  period,  and  in  many  ways  i-e- 
semlditig  epizootic  stomatillH  (foot  and  -  mouth  disease),  OAnie  under 
the  ol>scrvation  of  L.  Voigt  of  Hamburg ;  but  inasmuch  as  many 
similar  cases  occnrrtxl  in  the  neighbourhooil,  an<l  there  was  also  an  out- 
break of  the  afTection  amongst  the  ca-ttle,  tht-re  docs  not  seem  to  be  any 
ground  for  supposing  that  its  occurrence  in  the  vaccinated  children  was 
•Kjthing  more  than  a  coincidence :  of  the  three  children  mentioned  one 
m^  temporary  discomfort,  u  second  tliwl  of  cholera  at  the  sjime  time  as 
Its  fathtr.  and  one  only  was  seriously  ill  with  the  symptoms  in  question. 
This  child,  in  whom  the  attack  began  on  the  tenth  <lay  after  vacciruition, 
BUJSered  severely  with  high  fever,  stomatitis  ailocting  the  lips,  longiie, and 
giUDs.  A  dusky  jjopular  eruption,  which  .subseijuently  amsed  much  irrita- 
tion, appem'ed  first  on  the  lips,  cheeks,  and  genitals  ;  later  it  spread  over 
the  whole  body,  and  ended  in  a  severe  folliculitis :  this  whs  comi>licjited 
by  bronchopneumonia.  The  child  eveutvially  recovered,  vacciuation  having 
pursued  a  normal  course  {evlf.  also  p.  692). 

^  Final  Report  R.C.V.  j.ar  391.  p.  102. 
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Conclusion  > 

General  considerations. — The  foregoing  piiges  have  shewn  that 
iUnger  fiora  vacuiruilion,  as  ciirried  out  in  the  United  Kiugdom,  i*  *■*] 
iiidividiuil  uiisos  very  gmiill  ;  fi-om  invacciimtod  diseaite  it  i&  alnttiil  nil 
atid  although  iu  a  fractional  percentage  of  cases  grave  cooipliiirutions  ari.*« 
in  almost  every  instiiiice  they  aro  duo  to  inflammatory  or  septic  iiffeclitu'^ 
Kuch  »A  ara  common  to  uU  wounds,  and  are  foun<I  to  depend  far  more 
various  extraneous  circumstiinces  than  on  any  propertie«  inherent  io  tit* 
lymph  iuelf.  8<iriotis  results,  the  direet  con8e((uence  of  constitutkii 
affectiotLs  atich  as  generalised  vaccinia,  or  of  cutAneoiiii  ernptioQ«  such 
impetigo  or  eczema,  will  probably  continue  to  occur  in  6onie  few 
from  causea  which  cannot  at  preaont  he  furoaeen  :  but,  as  baa  been 
they  are  exceptional  and  their  number  enudl. 

Children  after  vaccination  are  at  all  times  liable  to  suffer  from  variwis 
harmleaii  i-ashes  of  an  erythematous  or  urtiKiiijU  type,  wliicb,  though  ffT, 
the  meet  part  free  from  <langer,  not  infrequently  give  rise  lo  ecnijidcinli 
distress.      Children  are  peculiarly  liable  to  auch  eruptions  from  any  cat 
which  proditccs  local  irritation  or  disturbance  of  the  digostivo  syst 
It   is  unlikely  that  any  preomtioiis  in   the   selection   of   lymph   wout 

'  Ttits  M'j:'tinn  i»  lanp'ty  fnHTi.iwI  on  ft  memorandum  pn-purpfl  >'y  Sii  T.  Uariow  and  iii>« 
for  tliv  KovAl  Coniuiiuioii  ou  ViK^-amiiou.  18dtl :  anil  rrfi^rencv  is  tV«qurAt]y  uiuU  tii 
racoiumvudatioiu  of  Uiv  CouiuibMiaiu  'i-v.  Final  Keputl  R.L'.V.  pp.  IISIIS. 


?rmlly  lessen  the  nnmber  of  such  cases ;  hut  it  is  esaential  that  those 
lo  have  the  care  of  r-icciiiatod  cliildrcn  should  be  scnipuloue^ly  cxiict 
Ut  the  openilion  in  avoiding  all  extraneous  sources  of  irritation  to  the 
>iind3,  more  especially  in  those  cliildren  who  are  known  to  be  liable  to 
Bonu  or  other  eniptions.  li  the  instnictions  to  jniblie  vaccinators 
ider  contnwt  issued  bv  the  Local  Government  Board  (1898)  are  earned 
il  in  the  apirit  as  well  as  in  the  letter, — if  the  child  be  heAlthy,  its 
xumstaiibcs  wholesome,  the  lyuiph  carefully  prepared  and  properly 
ed.  and  if  reasonable  care  be  exercised  after  vaccination. — there  is  no 
>ubt  that  the  dangers  of  the  operation  are  infinitesimally  small  (cf.  note, 

The  various  sources  of  risk,  ami  the  safeguards  which   ihcy  suggest, 
be  considered  under  the   following   homlings: — The  child  and  its 

imstances ;  the  treatment  of  the  arm  ;  the  lymph,  and  methods  of 

aralion  ;  the  vaccinator,  and  inethoiii*  t>f  vaccination. 

The  ehlld. — .4t}t: — Although  thfic  is  goml  ground  for  believing  that 
der  favourable  conditions  vac<:ination  may  be  carried  out  successfully 
infants  <>f  n  few  days  old,  the  custom  in  wmio  inHrmaries  and  l^'ing-in 
iiitutions  of  vaccinating  children  shortly  after  birth  is  not  infrequently 
oductive  of  dangerous  eoniplications  ;  and  the  practice'  is  to  be  dis- 
uraged  except  at  tinie«  when  ther^  is  danger  from  small-i»ox:  in  this 
le  the  infant  should,  if  possible,  lie  kept  under  observation  until  the 
ia  is  healed. 

I  There  are  two  ob\'iou8  sources  of  danger  in  vaccinating  very  young 
■nta. 

ti  A  considerable  number  of  the  children  bom  in  our  workhouses, 
ttmaries,  and  lying-in  charities  are  born  in  circumstances  which  entidj 
(tress  and  disgnice  on  the  mother ;  consequently  they  ate  often  feeble, 
d  sometimes  dise:ised. 

ii.  The  mother  may  Uke  her  discharge  and  leave  the  institution  just 
■he  time  when  the  child's  arm  is  most  inflamed  ;  thus  she  ma}'  return 
■onditinns  of  life  which  uinnot  ia\\  to  h*3  harmfiU  to  the  child. 
■jT/",  /tvm  ihfl  jitrmhtiri'  of  smail-pox^  it  hf  rvrrMari/  io  mccijiate  vftrli/- 
•n  children,  it  nii^ht  in  these  excei>tional  cases  l>e  udvisiible  to  vaccinate 
two  or  three  places  only,  on  account  of  the  tender  age  of  the  chihl. 
le  certificate  of  r<ucco8Bful  vaccination,  however,  shouhl  be  withheld,  luid 
y  parent,  whose  infant  was  thus  vaccinated,  might  be  required  to  have 
vaccinated  fully  at  the  expiration  of  a  year  from  the  first  operation. 

Prrcii/iis  HrtiUh  of  0iiU). — In  niatiy  cases  which  I  have  inquired  into,  the 
ild,  previous  to  its  vaccination,  bul  becu  sulicring  from  some  ailment 
jich  could  not  fail  to  affect  its  general  health.  Among  these  may  be 
sntioned  convulsions,  diarrbtca  and  vomiting,  tulteiTuhms  glands,  ec/enia, 
d  so  forth.  Again  in  several  cases  the  child  had  just  been  weaned,  or 
it  on  Bomo  new  kind  of  food,  or  fed  unsuitably  or  insufficiently.  The 
ccination  of  such  children  is  contrary  to  the  regidations  issued  by  the 
K!al  Government  Board,  which  require  that  care  should  be  exercised  iu 
'  rinnl  m-porl  R.r.V.  p.  115.  par.  441. 
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the  seleotioii  of  children  for  vaccination  ;  and  that  the  opcmtioD  •bniiht 
not  be  performed,  as  it  sometimes  is,  on  children  who  ure  obiiooilj 
unfit.  Now  that  the  time-limit  for  vaccination  hits  been  «xt«iidti(i  buns 
months  it  will  give  vnccinators  more  freedom  in  thia  selection,  and  cmUe 
them  to  defer  the  operation  when  the  child's  health  is  unccrtiin. 

Cirrnmstai'rtO — There  is  risk  («)  in  vaccinating  children  to  hvnwu 
which  there  are  cases  of  Jicute  infectious  disease  :  (h)  in  bringing  them  u 
the  time  of  VAccinatioti  into  direct  or  indirect  contact  with  infccLMti 
disease  :  {c)  in  exposing  them  to  possible  infection  from  sloughing  uropet 
woumU,  punUent  ophthalmiJi,  or  discharges  of  any  kind :  ('/)  in  uibject 
iog  thorn  after  vaccination  to  unhealthy  conditions,  such  as  rccult  from 
gross  sanitary  defects.  Cases  of  vaccinal  injury  resulting  prosntnablv 
from  each  of  these  causes  have  l>een  investigated  and  recorded.  N<> 
open  wound  would  be  expected  to  pursue  a  normal  coiirse  under  mh 
conditions;  but  persons  responsible  for  the  care  of  children  among  th< 
poor  often,  from  ignorance  or  negligence,  disregard  the  most  ordiia.7 
precautions. 

It  is  desirable  that  simple  instructions  on  these  essential  points  fth<id(i 
be  given  to  every  iwrson  who  has  a  child  vaccinated  ;  and  the  fom  <i 
such  instructions  sboutd  not  be  left,  jis  it  is  at  present,  to  the  indiri^iu'J 
vaccinator.  Some  public  vaccinators  give  careful  instnictious,  a&  a  Duim 
of  routine ;  but  the  practice  is  not  general. 

Attention  should  be  called  to  the  fact  that  whereas  inquin«  vtft 
made  for  the  Commission  into  cases  of  alleged  vaccinal  injuries  in  all  ptfw 
of  Kiigland,  not  a  single  case  amongst  the  well-to-ilo  classea  came  tin^'' 
the  notice  of  Sir  T.  Barlow  or  myself.  \N'ith  few  exceptions  ihe  caw^ 
injury  which  we  investigated  occurred  amongst  the  poor  and  ill-fed,  hviag 
under  conditions  so  insanitary  that  it  was  well-nigh  impossible  that  th» 
children  could  Ix^  healthy.  In  this  class  the  lives  of  infants  iir 
to  far  greater  dangers  than  in  the  well-todo  chissee ;  and  even  a  tri^i 
operation  such  iw  vaccination  must  })e  attendwJ  with  a  certain  am( 
risk,  the  risk  being  (le(>erident  far  more  on  the  condition  of  the  chi 
on  thf  natiu"c  and  normal  effects  of  the  operation. 

Treatment  of  the  &rm.  -  -TmUment  of  InsnUnns. — Risk  is  often 
curred  by  [Mirents  who,  in  the  desire  to  lessen  the  severity  of  larcinntial 
wipe  the  lymph  off  the  arm  withorit  due  regaixl  to  the  manner  in  whi 
thia  is  done  ;  dirty  fingers  or  dirty  pocket  handkerchiefs  are  used, 
the  result  often  is  irritation  of  the  parts,  excessive  inflammation,  glandi 
abscess,  or  some  septic  complication. 

TreohtinU  (/  }\si(:U<. — One  of  the  most  fre<pient  causes  of  vaccinal  in- 
jury is  the  ignorance  of  the  parents,  and   their  disregard  of  the  m( 
elementary  rules  of  cleanliness;.     Considering  the  variety  of  decomposal: 
substances  which  are  sometimes  applied  to  the  vaccination  vestclra  in^ 
manner  well  udculated  to  accelerate  decomposition,  it  is  remarkAble 
the  barm  done  is  not  gr&iter  than  it  is  (cf.  Vaccinal  Uleeralioo,  p.  701 
It  cannot  be  doubted   that  so   long   as    ignorance    prevails   as    U> 
»  Riiiil  Reiwrt  RC.V.  |i.  US,  i*af.  44S. 
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kni|wrtAnce  of  cleanliness  and  the  avoidance  of  mechanicHl  irriUttion  of  the 
WDuads  cases  of  injury  will  occur  from  time  to  time.  The  only  way  to 
combat  these  dangers  is  to  instruct  the  parents  in  the  care  and  treatment 
of  the  child  and  of  the  vaccinated  ami  before  and  after  o]jeiatioji. 

i*^irlih. — -In  many  cases  severe  inflammation  ha»  been  caused,  or 
certainly  aggniTatcd,  by  the  uac  of  shields.  The  shield  is  apt  to  nib  the 
ficaU  off  the  vesicles  and  to  protlnce  an  open  sore.  This  danger  is  further 
n^$:nivated  when  these  Rhi(^ld8  are  foul  with  pus  from  old  vaecinalion 
wounds,  a.^  the}-  not  infreiiucntly  are  kept  and  used  for  one  child  after 
another  without  being  cleansed.  In  all  cases  the  use  of  shields  should 
Ite  discouraged. 

Dirt}/  SUrves. — A  similar  source  of  danger  is  that  of  allowing  a  ptis- 
*oaked  sleeve  to  rub  into  an<l  irritJite  the  vaccinal  wounds.  Ulceration 
and  suppuration  fretptently  arise  from  this  fasily  removable  cause. 

Offuiufj  of  W^iiW. — As  has  been  pointed  out^  the  majority  of  cases 
of  crysijH'las  occur  ojier  the  firfit  week.  It  would  seem  to  be  dcnii-ablo 
that  the  opening  of  the  vesicles  should,  as  far  a.s  possible,  be  avoided. 

The  lymph  and  method  of  storing.^ 7%*'  hjmph. — In  a  small  pro- 
f^rtioii  of  cases  the  lyniiili  luis  been  found  primarily  and  tlii-ectly 
responsible  for  vaccinal  injurj-.  In  these  cjises  the  fjuilt  generally  lies  in 
tbe  applicAtion  or  use  of  the  I\'inph.  Certain  very  exceptional  cases 
Have,  however,  occurred  in  which,  .-Llthough  aa  far  as  could  Iw  aKcortaincd 
the  lymph  was  normal,  some  abnormal  result — such  as  generalised  vaccinia 
^-^faas  followed  its  use. 

Sources  atui  Pr^jMiraiimi. — It  has  not  been  passible  to  determine  with 
*tiy  precision  the  relative  frc(|nency  with  which  romplications  have  fol- 
lowed the  use  of  calf  or  of  hi:munised  lymph,  or  the  tise  of  lymph  stored 
Oil  points,  in  tubes,  or  as  a  conserve.  Abnormal  results  occiwionally 
follow  the  use  of  each  of  them  ;  but  as  there  has  been  no  pos^sibility  of 
<ietennining  the  total  number  of  vaccinations  performed  in  each  way, 
t^here  are  no  data  for  ascertaining  the  relative  results  of  the  several 
Y^etbods  respectively. 

The  general  impression  left  upon  me  by  my  inquiries  is  that  vacci- 

>]ation  tUrfd  frfnn  thi'  ml/  tends  to  protlnce  more  severe   inflammatory 

l-eactioti  than   that  which   has  been  glycerinated,   and  that   calf- lymph 

Treated  with  glycerin  or  chloroform  is  free  from  most  of  the  objections 

Avhich  have  been  urged  against  htnn.uiiscd  or  crude  calf  13'mph.     But  it 

should  not  be  forgotten  that  as  yet  there  is  notliing  to  prevent  private 

practitioners   from   using   humanised   lymph,  or   lymph   importetl   from 

abroad  without  any  guarantee  {except  the  maker's  reputatirm)  as  to  its 

origin.   Whilst  at  the  same  time  the  glycerinated  ci\lf  l^vmph  prcparetl  under 

skillefl  suijervision  in  the  govenmient  Ial)oratorie.*i  is  issuetl  only  to  public 

vaccinators,  in  spite  of  the  recomjucndation  of  the  U.(.'.V.,  {f>r.  rit.  p.  11. 'J, 

par.  437,  which  is  as  follows : — "  So  long  as  the  State,  with  a  view  to  the 

public  interest,  compels   the  vaccination  of  children,  so  long  even  as  it 

employs  public  money  in  promoting  and  encouraging  the  practice,  we 

think  it  is  under  an  obligation  to  provide  that  the  means  of  obtaiidng 


ciilf-lyiuph  for  the  purpose  of  vaccination  should  !«•  within  the  raich  oIaIL 
We  have  no  tieaitation,  therefore,  in  rtM!omin«'n(ling  thiit  8l«|ie  ffhoold  k 
!;ikeii  Ut  fiecme  tliis  result.  Whether  the  duty  of  pronding  Cialf4ynipk 
should  bo  undertaken  by  the  Local  Government  Boards  in  the  wt«b1 
pnrts  of  I  he  United  Kingdom,  or  whether  some  other  method  wmiW  U 
more  advantagt^ous,  aiu  l>e  bettor  dot4»rmined  by  those  who  )u\v  M 
practicid  aajuaintimce  with  the  working  of  the  vaccinatiou  lawa." 

'riie  storage   of   I^Tiiph,   treated   with   glyo«rin,   in    tiiljee*  {»»  now 
practised  by  the  Xational  Vaccine  Kstablishment) — each   tiilx^  conuinmi 
only  sufficient  Ij'mph  for  one  vaccination — is  probably  the  method  h 
open   to  objection.     It   is  of  practical   importance   that  only  tfUtBcw 
Iruiph  for  one  vaccination  should  be  contained  in  each  tube,  u 
results  have  t)een  known  to  occur  fmm  the  use  of  a  tul>e  of  Ijraiph 
hafl  ^Hieri  opened  for  a  prcvions  viiccination. 

Vaccination  and  the  vaeclnatop.^^fc/Aoefc  of  IWcinati^n, — OuciQtj 
severe  inflammation,  al>Kce.<^-4,  erysipelas,  and  septic  infection  have  fiJlovt 
the  use  of  some  mechanical  vaccinator,  or  of  the  Cooper  Itose  nc 
Such  mechanical  contrivances  to  shorten  the  process  of  vaccinatiuu  woulj 
with  adequate  st«rilis;ition  do  no  harm,  and  might  serve  a  Utiefid  pur^nsitd 
but  they  do  not  and  haitUy  can  receive  the  vigilant  attention  which 
required  to  keep  them  surgically  clean.     Their  use  should  thcr»:foTe, 
strongly  condemne*! ;  and  attention  should  l>e  called   to  the  faciiluii* 
is  essential  that  instruments  used  in  vaccination  should  be  as  orel 
sterilised  as  for  any  other  operation.     Nothing  but  an  onlii 
or  needle  is  required,  and  the  instnunent  should  be  much  more  ■ 
sterilised  than  is  frequently  the  case  ;  this  can  Iwst  be  done  by  iiiiiLt:r*i«<ti 
in  some  antiseptic  or  in  boiling  water,  and  by  wiping  each  time,  after  »w«i 
on  a  fresh  j)iece  of  sterilised  wool.     Such  elementary  precautions  a*  t!i*>' 
are  not  always  observed  by  those  who  vaccinate,  although  they  are  iusiital 
on  in  the  Local  CJovcrnment  Board's  instructions  to  public  vacoiiulrtR* 

J'of-fji^mrmfTii  of   I'accinniioii. — In  all  cases  in  which   vaccination 
been  postponed  it  is  desirable   that  a  certiKcate,  stating  Hio  eauw 
postponement,  should  bo  produced  at  the  lime  when  the  child  is  (ut 
sequeiitly  vacchiated ;  so  that  the  risk  of  taking  lymph  from  the  vc«dl 
of  a  child  known  to  ))e  unhealthy  may  be  rigidly  excluded. 

Pfmilifm  of  pocks. — Ulceration  not  infrequently  result*  from 
the  insertions  so  near  together  that  the  viUility  of  the   tissui*^  he(i 
them   is  d(*8troycd,  ami  a   slough  is  prmluced.     This  risk  may 
certainly  be  obvi»led  by  follo^ririg  the   Local  Government    Board's 
structions.  and  lefivitig  at  least  half  an  inch  between  the  j^ocks. 

Rrf»f4itffl  I'afcinaiinn.—Xn  a  few  cases  there  is  ground  for  believing 
harm  has  resulted  from  revaccinating  a  child  a  week  aft«r  a  first 
tio^i  has  proved  unsuoccasful.      It  appears  to  i>e  tlosirable  thiit  varcii 
should  nut  bo  rcpc^Ued  until  at  least  foiu*  weeks  have  clapso<l  siuoe 
date  of  the  first  insertion. 


'  Cf.  *viil(f»ce  Iwfore  tli«  H.  L'.  oii  V.vrritatinn  hy  Dr.  Cn)>eniau,  snil  in  Jo 
anrt  JinrUruJ.     &lin.  «iir]  T^ndoru  1894,  vnl.  it  p.  407. 
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t'fftijicatis  of  ViittinQUtitt. — There  seems  to  be  a  cortain  amount  of 
ship  involved   in  the  fact  that  in   the  wtfic  of  a  pnvate  patient  a 
itc  of  successful  vaccination  may  be,  and  sometimes  is,  given  for 
result    which   would  not  l>e   accepted,   and    n;j;hlly   «o,   by  a    public 
:cinator.     Instances  occur  in  which  u  icrtiticate  of  successful  vaccina- 
in  has  l>een  given  by  a  private  practitioner  for  one  insertion  ;  whereas 
tni>6rtioiis  would  be  made  by  the  public  vaccinator.     It  is  obviotis 
this  that   a   certificate   of   successful  vuccination   has  no  definite 
ing,  and  does  not  necessarily  shew  that  a  child  has  lH?en  properly 
rinatwl.      It  13  tlesirable  that  every  certilicate  of  vaccination  shonid 
s^Jecjfy  the  number  of  successful  insertions. 

District  Nnrsinfj  in  riy/nrd  h)  Vaicinaii^m. — It  is  part  of  the  duty  of  u 
public  vaccinator  to  attend  to  a  child  in  case  of  any  Herious  consequences 
o{  vaccination.  But  in  populous  districts,  and  iu  places  where  the 
»enicc«  of  a  trained  nurse  are  available,  threat  benefit  mii;;ht  ie»uU  from 
having  a  competent  person  to  act  un<ler  the  direction  of  the  vaccinator, 
And  lo  %isit  at  regular  intervals  such  cases  as  at  the  6rst  inspection  might 
W  found  abnormal.  Many  cases  of  the  inflammatory  kind  might  lie 
quickly  relicvetl  by  boraeic  lint,  fomentations,  or  simple  antiseptic 
methods  properly  ajtptied.  Moreover,  a  trained  nurse  might  render 
tuaterial  senice  in  instructing  the  poor  in  due  cleanlinens,  and  in  the 
avoidance  of  injury  to  the  arm  in  dcjiling  with  their  vaecinaied  children  ; 
she  could  also  give  timely  warning  of  the  danger  of  sanitary  defects 
or  of  exposiu'o  to  infection  from  the  apecifie  fevers.  Many  accidental 
coiDjilieations  might  thus  l>e  avoided. 

Summary. — To  secui-e  successful  vaccination,  cleanliness,  in  the 
surpral  sense,  the  careful  selection  of  hnnph  from  healthy  children 
whose  antecedontA  are  known  if  humanised  lymph  l>o  used,  or  the 
^xamijaation  of  the  calf  after  death  if  calf-hTuph  bo  used,  and  the 
P^t|ionement  of  vaccination  in  the  case  of  all  feeble,  cachectic  children, 
tw  of  tho^e  sufl'ering  from  cuUmeous  eruptions,  are  essential.  If  thuse 
simple  precautions  be  honestly  carried  out,  the  risk  of  invaccinated 
fli«(^se.  or  of  any  compliGition  resulting  <Hroctly  from  vaceination,  will  in 
'"6  great  majority  of  cjiRes  W  obviated. 

Since,  with  few  exceptions,  the  complications  which  arise  are  not 
P^cnliar  to  vaccination,  it  is  unnecessary  to  sjxwik  at  length  sibout  their 
''Oftlment.  The  most  inijx)rtant  points  are  Lo  keep  the  pocks  dry  and 
^■®an,  and  to  preserve  them  from  mechanical  injury.  They  may  be  dusted 
^"ith  starch  and  iodoform  powder,  or  with  gallate  of  bismuth,  or  pn>tected 
'•^th  an  antiseptic  covering.  If  ulceration  should  occur  it  may  l>e  neces- 
••^i'v  to  use  some  stimulating  lotion,  such  as  solution  of  chloride  of  zinc 
Cgl^  10  to  40  to  the  oinice),  or  solution  of  hyporhlorite  of  soda  ;  but  as 
*  rule  careful  washing  with  warm  water,  or  with  a  solution  of  boraeic  acid 
(grs,  20  to  the  ounce),  will  sxiffice  without  any  more  powerful  application. 
The  treatment  of  such  coniitlicalions  as  erysipelas,  glandular  abecess, 
^^zema,  im^ietigo,  does  not  call  for  sjiecial  comment.  Tliere  is  nothing  in 
tnem  peculiar  to  vaccination,  and  they  may  bo  treated  without  reference 
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to  the  foregoing  operation,  provided  only  that  the  pocks  theoidTM ' 
lvei}t  free  from  injury,  and  in  a  hoalthj'  stat**.     Lastly,  it  is  sbon 
thing:>  ncuessary  that  the  chihl's  general  health  shonld  l»e  attended  t& 
and  that  it  should  not  he  vacc)nate<1  immediately  after  weaning,  or  i/Mr 
any  other  important  change  has  been  made  in  the  method  of  f    ' 
There   is  a  general   disposition   to    regard  vaccination  as  so  ir. 
operation  that  no  precinitioiifi  are  necessary  to  ensure   ' 
the  child,  and  to  forget  that  the  local  pock  is  but  iIj- 
constitutional  disturbance  which  in  effecting  a  change  in  the  whoie 
of  the  individual  under  operation. 

T.  D.  AcLOOJ-J 

LIST  OF  SPECIAh  WORKS  OF  REFERENCE 

The  following  works  n-ill  be  found  to  vontaiu  •  };ruftt  nilmlwr  of  roCnrMWM  s»tb 

litt-ratiiiv  nf  vitocinntion,  in  A<i<Htion  tD  thoM)  nlroady  girpD  : — 

1.  Boas,   Hkinuu'K.     Handhiwh  der  raeaiualiaH.     I^i[>u^,  ISIS. —2.  GufSUV, 
S.  M.     rafcinatum,  Ua  NtUural  HUtvrtf  and  Puthulo^.     MacniilUfi,  IStt-S.     ;i.  Orwi- 
TON,  CuAKl,tu<4.     Natural  lliMonj  o/ Cau^-fuKFinui  Vaef.tmil  SfjfJiHi*.     1 
4.   Clt'WKSHAKK,    E.   M.      Iliftont  and  piUh'lo^l  ttf  F»n-ituitum.      D-i. 
Fni-KsiBlt^  Alkkbi>.    Z/ffi»w  mtrin  aifphitis  aofrinnU.    FarU,  1889.—' 
Die    l\*tholwjie   tltr   Scimtzpitcl-vH-  Imy/umj.      Berlin,    1800.-7.    h"- 
Jtirliiiunairr,  nwyctnpMKHf  d/s  im'^ffM  tuA/ifnlfH,  nrtU'Xe  "Vacvine."      1  ■ 
V>xz,  Th.      I'ori-h  et  t'ao-inf.     Biilo.  1880.-9.  M'Vail,  h*ns.     P'l- 
fated.      London,    1SS7.— 10.    Pkii-icii,    Euich.     Die  S'e/iuJ:j>ocken  -  lu  ' 

18B2.— 11.  8EAT0N-,  E.    a  IfmuttHwk o/ rneeiiitUioii.    Ixiodon,  1868.— 5 
Lrjiroay   and    l^aceiHitli^n.      Ijiindon,    1893. — 13,    /drin.     A    L'euiitr^   ■  -    ■ 
Soniteii<«hrin,  18fli>. 

Tliw  Fiiml  R«port  of  the  RoyiU  Commiasiau  on  Vacoin«tion  (Londun.  Kjn  *■! 
Spot  lis  wood  e,  I8P61  contains  an  invaluable  sommary  of  the  hislorr  of  raoriaalirt  wi 
of  the  evidonci'  laid  before  the  Coniniiaaioa.  A  voliimo  contaiuin^'tbift  nei«n  hwba 
iftsiiiy]  liy  tin-  New  Sydenliam  SociotT  (H.  K.  L«wi«,  1898). 

T.  D.  A. 
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Bv  S.  M.  CopKUAK.  H.D..  F.aa. 


What  vaccinia  is. 
Gow*i>o.x  in  the  cow. 
Carnal  cow-jMtx  in  man. 
Inocnlat<<d  rowpox  in  man. 
Rciatiousbip  of  variola  and  vaccinin.. 
Batittriolugy. 


PwrcMpKmui  or  sjiorazoa  m  lynifA- 
A  ituail-iKtx  antitoxin. 
Hihiory  uf  varioun  Ivuiph  itocka. 
Murpliologv   nud    cliDmiHtry    '^f  ■ 

lymjiit. 
I1iiitol<»gy  of  thft  raociM  veaiela. 


PiucTtcK  ov  Vaccixatios 

CoUuctioD  and  storage  of  vaccine  lyniplt.    1    Insertion  of  vaooiiw  lymph. 
Cilyccrinntril  lymph.  | 

What  Is  vaccinia  ? — It  is,  in  the  human  Hubject,  a  speci6c 
cable  disorder  characteriaed  by  the  appeai-ancc  of  a  local  erttptioa  pitfJoC 
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hxi^b  the  stages  of  papule,  vesicle,  and  pustule,  aasociated  >vith  more 
I  lefts  constitutional  ilistiirlKince. 

These  symptoms  are  produced,  indiflerently,  by  the  inoculation  of 
npb  derivt?d  fmin  vesicles  siniil.irly  brought  about  in  a  previous  case  in 
B  human  tM>in;{  ur  the  c:ilf,  ur  from  tfio  eruptive  vesicles  of  a.  disease  of 
Bch  cattle  called  cow-pox.  Such  inoculation  process,  whichever  way 
rinoed,  is  kuo\m  as  vaccination.  This  name  was  originally  devised  by 
hnninft  inspired  doubtless  by  the  terminologj-  of  Jenner,  who  wrote  of 
It  disor^ier  under  the  title  of  Vaiiola!  vaccinip.  In  this  manner  Jcnner 
we  ex|)reasion  lo  his  Itelief  thai  the  malady  commonly  known  as  cow- 
»  was  in  reality  nothing  more  or  le«a  than  small-pox  of  the  eow. 

But  soon  it  was  discovered  that  if  there  were  such  a  malatly  as 
nnAlt-pox  of  the  cow,"  there  was  also  a  small-pox  of  the  horse,  which, 
Bder  the  name  of  "grease,"  whs  resorted  to  a«  a  souree  of  vaccine 
rinph.  Loy  was  the  iirst  to  distingxiish,  in  anj^  salisfaotory  fashion, 
institutional  grease  from  a  merely  loeiil  affection;  and  thus  he  explained 
be  failure  of  manv  experimeniei-s  to  transmit  horse-iiox  to  the  cow. 

That  a  constitutional  disease  of  the  horse  characlensod  by  a  vesicular 
Ription  can  be  inducei)  by  the  inoculation  of  this  animal  with  the  virus 
Ecow-jiox  or  vjiecini/i,  has  been  shewn  experimentally  by  Chauveau,  who 
lj«eted  vaccine  IjTnph  subcutaneously,  and  also  into  the  lymphatics  and 
kod-veasels  of  colts.  In  nearly  half  the  niunljer  of  cascH  operated  on 
ie injection  of  the  lymph  wjis  foHowcd  by  a  generaliaed  eruption  which 

t\\\  called  "  horfio-pox."  In  all  probability  Jenner  was  mistaken  in 
mption  that  "grease,"  in  the  sense  of  horse-iM)x,  was  a  necessary 
ilecedent  to  cow-pox  ;  but  at  the  same  time  there  can  Iw  little  doubt  that 
ipie  two  diseases  are  very  closely  allied,  if  indewl  they  be  not  identical. 

That  this  is  so  is  showni  by  the  fact  that  numemns  stmins  of  vaccine 
BDph  have,  from  time  to  time,  been  raised  from  the  equine  source — the 
otective  power  of  which  against  sniall-pDX  we  have  rcjison  to  believe 
IB  equal  to  that  of  lymph  of  undoubted  bovine  origin.  As,  however,  it 
obvious  that  cow-pox  was  the  »oui'ce  of  the  lymph-stocks  first  intro- 
iccd  intfi  use  by  Jenner  and  his  contemporaries,  it  will  be  of  interest  to 
mly  briefly  the  nature  and  clinical  appearances  of  this  diseiise  a«  seen 

the  cow  and  also  in  man  ;  whether  accidental!}'  contracted  or  inton- 
[itially  iiiucuhited. 

Cow-pox  in  the  cow. — For  a  description  of  cow-pox  in  its  tyjncal  fonn. 
litTHS  known  to  Jenner  anil  his  contemporaries^  it  is  necessary  to  con- 
ih  the  writings  of  the  early  part  of  the  last  century,  at  which  iieriod  the 
Mention  of  the  medical  and  scientific  world  had  been  specially  directed 
^l»  affection  of  cows  by  the  teaching  of  the  apostle  of  vaccination. 
nw>ly  the  most  trustworthy  accounts  ore  those  publishetl  by  Hr^ee  of 
^inburgh,  and  later  by  Ceolv  ;  and  it  is  from  their  statements  that  the 
ilWing  description  of  the  malady  is  derived. 

According  to  these  observers  this  affection,  when  once  set  agoing  in  a 
trd,  tends  to  spreiid  with  couMderable  mpidity,  the  "matter"  of  the 
Biriclw  being  carried  by  the  hands  of  the  milker's  from  one  cow  to 


another.  It  makes  its  appearance  especially  in  the  »pring  aeuon, 
observed  u[X)ii  the  udders  urul  lentJi  of  the  cows ;  ftt  first  in  the  fnnsi 
small  vesicles  containing  a  limpid  fluid.  Those  vehicles  iirt*  cf 
01*  livid  colour,  and  may  be  surrounded  with  conaidcrnble  en- 
fiW'cUitig  and  inHamm.ilion.  If  ruptured  the  vesicles  tend  t" 
iiTrgular  about  the  edges  ;  and,  ludcss  care  b<*  then  t^ikcn, 
apt  to  degenerate  into  foul  and  troublesome  sores.  During  tf 
of  the  affection  the  cow  is  not  infrequently  observed  to  b- 
health ;  the  appetite  is  impaired,  the  temperiiture  is  above  nonrnil, 
the  secretion  of  milk  may  be  considerably  diminished.  If  tht 
fi'om  the  vesicles  on  the  udders  or  teats  of  the  cows  hapjien  lo  conenj 
contact  with  an  abrasion  of  the  skin  of  the  milker's  hand,  sueh  p 
is  apt  to  become  infected  with  the  disease.  MTien  the  ailment  w 
municated  in  this  manner  it  is  termed  ca^ial  coio-p»:  to 
it  from  the  less  virulent  form  which  is  intentionally  [iropngaled  by  ii 
latiou.  Probably  the  more  severe  form  in  which  ntsual  cow-pox  iMuSif 
ftppeant  is  to  some  extent  due  to  the  situation  of  the  reaultiug  tvadm 
and  to  the  purulent  nattu'e  of  the  secretion  from  the  soree  od  the  com' 
teat"*  or  udilefs. 

Casual  cow  pox  in  man. — When  cow-pox  has  boeu  commnninii*^!  t"^ 
the  milkers  in  the  aisual  way.  smaU  intiamed  sjK^ta  appear  in  u  ' 
U|jon  the  hands,  more  particularly  about  the  joinU  and  tips  uf  tll^ 
These  spots  i|uickly  assume  the  appearance  of  small  bliHters.  -'  < 
resembling  those  from  burns,  ami  go  on  increasini:  until  they  lArtiow 
large  \caicles  of  a  citxular  form,  with  a  flat  or  rather  a  couc&vo  mriim: 
their  edges  l>eing  considci-ably  elevated  above  their  centre.  They  hun 
then  HCtjuired  a  somewhat  bluish  colour  and  are  found  to  vouuh  i 
limpid  fltiiil.  After  some  days  the  parts  around  the  base  of  thr-' 
become  considerably  swollen,  hard,  and  inflame<l ;  and,  aa  the  it,,-..'- 
advances,  they  may  assume  a  somewhat  erysipelatous  api>earante,  IVin  trA 
Borne  degree  of  swelling  of  the  axillary  glan<U  now  denote  an  abporftton 
by  wny  of  the  lymphatics,  and,  with  the  u^iual  symptoms  of  feTw.  nuk 
a  constitutional  aflcction  which  is  sometimes  so  severe  as  to  iuoqwiUk 
the  person  from  following  his  usual  employment  for  some  day^  ^^ 
does  not  appear,  however,  that  a  general  eruption  ever  follov*  erw  oo 
the  BUKirtest  attack  of  casual  cow-p()x.  .A.fter  a  few  day»  th#  pa 
inflammation,  and  hardness  of  the  surrounding  parts  gradually  aWv; 
but  the  vesicles  not  infrequently  ulcerate  instead  of  becoming  oiicnirtw 
and  drying  up.  These  ulccmtions,  however,  graiimdly  heal  up  in  c<wn(« 
time  without  occasioning  any  lasting  injury;  and  the  constitiitinrud  afliocbcs, 
although  severe,  is  usually  transient  and  unattended  with  danger  t^ 
is  no  case  on  reconl  in  which  casual  cow-pox  has  proved  fatal 

Inoculated  cow-pox  (Vaccination)  In  man. — In  the  cov  '     ' 

by  iniKiiIntinn  thu  rtppcarnnccfi  which  pri'-scnt  themselves   i 
some  respects,  from  thr»se  which   have  l»oen  described  a^  octuin' 
casual  disease.     Thus,  about  the  third  day  after  the  insertion  ni  : 
of  cow-pox,  either  by  puncture  or  by  slight  incision  in  the  arm,  •  ib*^ 
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bDiDt)  spot  may  be  observed  at  tbo  pjoint  where  the  inoculation  whs 
Srformed.  Next  dny  this  sj>ot  appears  stili  uuire  florid  ;  and,  on  pafwing 
ib  ]><>int  of  tlie  finger  over  it,  a  certjiiu  decree  of  hardness  and  svelling 
iVAdily  perceptible.  By  the  Kfth  day  a  small  pale  vesicle  occupies  the 
|0i  where  ibo  inflammation  be^m  ;  and  the  aftcction  begins  Ui  a.ssiinie 
%  eharacteriatic  appeamnce  of  cow-pox.  The  vesicle  has  now  a  milky- 
Uie  colour  withf>ul  any  inflaniniHtory  2ono  around  it,  it  ia  eviiientl}' 
iftqamd  in  the  coutre,  and  its  etlges  arc  considerably  elevated.  For  the 
PX  two  days  the  vesicle  increases  in  siife  and  retains  the  same  character, 
\  that  by  the  seventh  liay  it  may  have  acquireci  very  considerable 
uipuiMidtf  :  if  the  inocubition  be  pnvfomied  1>y  a  puncture,  it  assumes  a 
Rohir  form  ;  if  done  by  an  irtciaiou,  an  oblong  form.  Hut  in  ImiiIi  cju^t's 
ks  nuLrgin  is  regular  and  well-defined;  while,  the  centre  becoming  still 
lOTB  depressed  and  the  edges  becoming  more  turgiil,  the  whole  puts  on 
D  appe;iruncti  which  is  very  cliaracteristic  of  thiK  luirliculai'  iLtVection. 
tboai  the  eighth  day  from  the  time  of  inoculation  an  infliimmatory  zone 
igias  to  appear  around  the  base  of  the  vesicle.  This  increases  for  two 
r  perhaps  three  da3's  more,  by  which  time  it  may  Ikj  two  im-hes  or  wider 
n  diameter  anti  of  a  bright  red  colour.  At  tbis  period,  /dso,  the  vesicle 
till  ret&ins  it«  concave  appearance ;  a  central  citiKt  has  commenced  to 
urm  and  be<pns  to  assume  a  d;irk  or  liiownidh  colour.  About  the  eleventh 
lay  the  vesicle  has  attained  its  greatest  magnitude,  and  the  surrounding 
nttammation  begins  U.>  abate.  The  fluid  in  the  vesicle,  which  before  w:i« 
iun  and  transparent,  is  now  more  viscid  ami  slightly  turbid.  After  tbis 
*ehod  the  whole  becomes  quickly  converted  into  a  smooth,  shining,  and 
nmcwhat  translucent  dry  cniFt  of  a  dark  brownish  or  rod  c<)lour.  This 
Ttut,  urdeiw  forcibly  reniovotl,  will  adhere  for  a  week  or  more  and  then 
ill  otf,  leaving  the  skin  beneath  apparently  sound,  but  livid  for  a  time, 
inl  more  or  less  permanently  scarred. 

In  children  little  else  than  the  above  local  process  is  usually  notice- 
Wc;  but  in  adults  constitutional  symptoms  are  apt  to  be  somewhat  more 
Bvere.  About  the  eighth  day  from  the  time  of  inoculation  the  glands  in 
\t  axilla  m;iy  become  a  little  swollen,  and  u.^ually  thei*e  is  some  pain  and 
iffncss  on  moving  the  arm.  Ueadache,  shivering,  a  rapid  pulse,  and 
iher  febrile  symptoms  occasionally  jjresent  themselves;  and  these  may 
Snist  for  a  period!  varying  fnun  a  few  hours  to  two  or  more  days. 

The  relationship  of  variola  and  vaccinia, — Almost  from  .lenners 
ly  the  value  of  the  pmctice  of  vaccination  iias  Iteen  imjmgtieil  b}'  some 
I  the  plea  that  inoculation  of  one  disease- — "cow-i>ox*' — could  nut  be 
cpected  to  exert  any  really  protective  action  agiunst  the  rlineaae  of 
rjjdl-pox.  8upp*>Hcd  to  lie  totally  ditt'erent  And,  if  the  thesis  of  essential 
iTorcnce  between  these  maladies  wore  capable  of  demonstrntion,  no 
>ubt  the  objection  would  be  of  considerable  weight.  For  there 
dats  little  well  authenticated  evidence,  if  any,  that  the  living  virus  of 
10  disease  is  caiiable,  when  inoculated  into  un  animal,  of  aflTording  pro- 
ction  against  the  effects  of  inoculation  of  the  virus  of  another  and 
it«lly  different  disease  ;  although,  no  doubt,  when  two  difTeront  vinisea 
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are  iuocidatei)  at  nearly  one  nriti  the  Si^rne  time  the  ificub9itiorh[i«ru4| 
ihfi  Bceoml  infcutiaii  may  be  somewhat  prolonged. 

During  tlic  long  periofl  whieh  has  now  elapeed  since  the  ini 
of  vaccination,  many  observers  hiive  attempted,  by  experimrntal 
to  solve  the  problem  of  the  true  relationship  of  vurioU  lu 
These  attempts  have,  for  the  most  part,  been  directed  to  the 
bility  of  giving  rise  to  cow-pox  by  the  iiitroduction,  in  one  or 
manner,  of  the  matter  of  smallpox  into  the  system  of  the  borine 
In  the  gi'oat  majority  of  such  attempts,  which  are  vastly  morr  n 
than  is  genemlly  supposetl^  the  reaulla  have  been  altogether 
Such  was  genemlly  the  case,  not  only  in  the  experiment*  of  Sontli 
Ceely,  Chauveau,  untl  others,  who  endeavontxHi  to  introdtictf  thecoiitipott 
through  absorption  by  the  respiratory  or  cii-culalory  organs,  but  alwa 
the  still  greater  number  of  attempts  to  biing  about  infection  of 
system  hy  lueants  of  incKruIation  on  the  skin.  In  certain  m» 
however,  these  inoculation  exjicrimentfi  hitve  l)een  attended  hy 
which  as  shown  in  the  Kepoii.  of  the  Royal  Commission  on  Vacxii 
fall  into  one  or  other  of  three  witegories  : — 

TVit'  jint  cafct/dry  includes  the  experiments  in  which  the 
of  small-pox  matter  into  the  udder,  or  adjoining  pana.  of  the 
animal  gj»vc  rise,  at  or  near  the  scat  of  inocidation,  to  a  vesi* 
identical  in  visible  characturs  with  the  ordinary  vaccine  vesicle 
by  inoculation  with  the  matter  of  cow-pox,  or  to  a  vesicle  the  U 
which,  while  not  corrc«[>onding  wholly  \vith  those  of  a  jjerfect 
vesicle,  so  closely  resfmlrUsrl  it  as  to  justify  the  recognition  of  the 
as  a  vaccine  vesicle.  Also  it  incluiles  experiments  in  which,  though 
local  result  h:id  not  the  chamctors  of  a  jHTftM-t  vaccine  ve*icle.  yet  ly 
from  it,  when  mrried  through  a  second  or  third  remove  in  thr  cow  f 
ciiH,  presented  results  fully  manifesting  those  characters  ;  and  wb«na§»iri 
transferred  to  man  gave  rosult^  undistinguishable  from  the  ordinarj'  \su.xm 
vasicle.  Indeed,  lymph  of  such  a  pwligree  lias  come  into  generml  um 
vaccination  purposes.  Of  these  experiments,  the  best  known  autl 
quote*l  are  those  of  Thiele  (1838).  Ceoly  (18-tO),  Badcwk  ^brt 
I.M40  and  I860),  Voigt  (1881),  Haccius  and  Eternod  (IKIiOi. 
(1891),  Simpson  (1892),  and  Ilime  (1892);  but  there  arc  Bcverai 
experimenters.  The  detjuls  of  the  exi>erimonts  are  very  scanty  i 
cases  of  Thiele  and  Radcock  ;  but  more  full  in  the  others, 
perhaps  in  those  of  Ceely  and  Haccius. 

In  th^  serond  category  may  be  placed  the  experiments  of  Drs.  Klein 
Copeman.  Dr.  Klein,  who  in  1879  luwi  obtained  in  thirty-one  triili 
then  appeanyl  mere  negjitive  rcsiUta,  found  in  a  renewed 
1892  that  the  result  of  the  first  inoculation  in  the  calf  of  smsUp** 
matter  was  not  a  distinct  vesicle,  but  merely  a  thickening  and  nodiw" " 
the  woimd.  Lymph  pressed  from  tlie  thickened  womid,  when  iftoculi*«" 
into  a  »M'<'on<l  calf,  proiluced  a  like  but  rather  more  marked  result ;  *litk 
the  thickening  and  reddening  still  further  increased  as  the  procosi  *** 
repeate<l   in  a  third  and  in  a  foiu-th  calf     Lymph  squoexed  from  tb* 
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Hinds  of  a  fourth  catf  produced  in  a  cbild  typical  vaccinia,  and  crusta 
m  the  chiltl  produced  in  turn  typical  vatciuia  in  a  calf.     The  writer, 

his  earlier  uxiwrimcnts,  ol>tiunc<l  somewhat  similar  results;  the 
pearaticcs  increased  in  three  removes  and  approached  those  of  tj'pical 
ediuaf  but  did  not  r<5ach  ttiem. 

Tlir.  Ihirii  cnU.fji/nj  consists  of  the  results  obtained  in  an  elabomte 
quiry  conducted  by  a  Comraissiun  of  the  Society  of  Medical  Seiences 
Iijoris«  >v1th  Chauveau  at  its  hea<l.  These  resulUj,  reported  in  1865, 
ire  briefly  as  follows: — Inoculatiun  uf  tlit;  eow  or  heifer  with  small-pox 
iCt«r  in  any  one  of  the  thirty  animaU  used  dirl  not  give  rise  to  a  vaocino 
side:  nevertheless  a  definite  result  was  obtained,  in  Uie  form,  how- 
er,  not  of  a  vesicle,  but  of  a  thickening  and  inHammation  of  the  wound; 
lien  a  puncture  had  been  made  this  became  a  papule  :  lymph  stjueezed 
9m  such  a  papule,  and  inHerie<l  intn  a  second  animal^  gave  rise  U\  a  like 
ipule  :  and  this  again  might  be  used  for  a  third  animal,  but  often 
iled ;  and  the  effect  could  in  no  case  be  carried  on  through  more  than 
iree  or  four  removes.  When  the  iiu>cn)ation  wha  re^Kmte<l  on  an  animal 
I  which  a  pre\'ious  infKularion  had  produced  such  a  papule,  no  distinct 
ipule  waa  forme<l  ;  and,  moreover,  lymph  squeezed  from  the  seat  of  the 
Uer  inoculation  produced  no  effect  at  alE  wlir-ii  w&vni  for  the  subsefpient 
lOGuJation  of  anoth^T  iinimal.  There  is  evidence  that  the  development 
\  the  papule  was  the  result  of  the  specitie  action  of  the  virus.  This 
ierence  is  strengthened  by  the  fact  Uiat  no  such  [Ktpute  wau  produced 
I*  the  Lyons  Commission  when  the  smallpox  matter  was  inserted  into 
1  animal  which  had  previously  ha<l  cow  pox  natumlly  or  artificiaUy  ;  as 

IAS  by  the  fact  that  when  :in  atteiiii»t  was  made  to  vaccimite,  with 
ne  Ivnnph  of  proved  efKcacy,  an  animal  on  which  a  papule  hiui  been 
I  developed  by  inoculation  with  sn»all-j»nx  matter,  the  vaccination  failed  ; 
iwigh  the  animnl  h:id  never  had  natural  cow-pox  nor  Ijeen  vaccinated. 

The  3i>ecific  nature  of  the  lymph  of  the  "Lyons"  papule  is  held  to  be 
«wn  by  the  fiict  that  such  lymph,  when  used  on  the  human  subject, 
ive  rise  to  small-jjox.  On  the  oMier  hiuid,  it  has  bet^u  urged  that  in 
is  case  the  virus  producing  the  effect  was  simply  the  oiiginal  sniall  pox 
»tter  used  in  the  inoculation,  producing  the  papule  and  still  clinging 
the  wound.  This,  however,  is  considered  to  be  disprme^l  by  the  ex- 
neuce  that  lymph  from  a  "  Lyons  "  papidc  of  the  second  remove  also 
■ve  rise  in  the  human  subject  to  small-pox.  Thus,  ChauveiiU  and  his 
numission  found  that  i«niall-pox  iniplanleil  in  the  bovine  animal  gave  rise 
a  specific  etfect  which  was  not  cow-pox,  but  wits  of  the  nature  of  small- 
■X ;  though  its  mauifes  tat  ions  in  the  cow  were  diflerent  from  thuse  of 
uU-pox  in  man. 

With  the  exception,  then,  of  Chauvcau  and  his  colleagues  of  the 
Tons  Commission,  all  the  observers  mentioned  claim  to  have  obtained 
wiitivc  results — in  a  certain  nmuher  of  their  experiments,  at  any  rate — 
regards  the  production  of  typical  vaccinia,  after  one  or  more  removes, 
Uie  result  of  variolauon  of  the  calf. 

no  one,  prior  to  the  writer's  more  recent  experiments,  hod  succesa 


been  constantly  attAinoxl ;  and  it  ia  among  the  expcriraenu  uf  the 
observers  especially,  who  made  use,   for  the  most  |>&rt,  of  h«if«fs 
miich  cows,  tluit  t.h«  lurge.Ht  pn)porUon  of  alHirlive  attptupte  are  to 
met  with,     ftulwequenl  expcrionce  lias  shewn  that  succcso  is  much 
likely  to  be  atUiined  if  calves  be  iisetl  insieitd  of  heifers  or  wvrt. 
thi»  W!iy,  pi'phapst  Cbauveau'a  soraewhal  anomah)iis  resulu  roar  bv 
piirt  explained. 

In  seeking  an  expiuniition  of  tbe  difficulty  so  frefjuently  eiicouiit<red 
in  ex[M?nmenUil  altempU  to  transroil  human  saiall  (h>x  to  the  hoYW 
races,  attention  may  protitjilily  be  direet<Ml  to  the  fact,  not  pcrlu}» 
suffioiently  rejilisefl,  that  a  grwit  deid,  at  any  rate,  of  the  small  jhw  vhaJT 
was  prevalent  at  the  lime  that  flcnncr  live<i  and  ^vrote,  was  of  thai  cb 
paratively  mikl  variety  which,  under  the  name  of  inoculated  Bmall- 
was  intentionally  produced  in  healthy  subjects,  with  the  object  of  tbfi 
L'onfcrrinf^  protection  against  subsequent  attack  by  the  diseaM  in  a 
virulent  form.  So  mild,  indeed,  at  times,  were  the  results  of  inocuUtij 
in  the  hands  of  such  openitors  as  Adams  and  the  brothers  Sutioa 
HA  we  lejLni  from  contcraporaiy  records,  in  many  inst<uices  but 
obWous  effect  was  observed,  with  the  exception  of  the  local  n 
arising  at  the  site  of  iuseriion  of  the  small-pox  virus,  and  the  p 
suffered  but  little  inoonvetuence.  Thus,  more  partictihirly  in  « 
Adams'  cases,  as  may  l>e  gathered  from  his  own  account  of  the 
stJinces,  the  visible  effect  pi*oduced  so  closely  resembled  the  rtviulu 
iMigimiing  to  Imj  Icnown  as  following  on  the  Jonnprian  process  of  v.u\ 
turn,  tlmi  numbers  of  his  patients  were  with  difficulty  perstmded  t] 
had  not,  conliTiry  to  their  desire,  intentionally  vaccinated  ntther 
variolated  thorn.  The  gradual  evolution  of  a  strain  of  lymph  uf 
tenuity,  according  to  Adams  himself,  was  obtained  by  atccntion 
mude  of  life  and  general  treJitment  of  pei-sons  undergoing  the 
together  with  careful  selection  of  the  "aiurce"  (piefeiubly  the  **jirii 
vesicle")  from  which  the  virus  was  obtained.  The  majority  of 
thus  inoculated  arc  not  likely  to  have  been  incapaciUited,  as  the  rtsti 
the  operation,  to  a  much  greater  extent  tluui  are  those  who  ui 
efficient  vaccination  at  the  present  day,  and.  doubtless,  therefore, 
woidd  be,  for  the  most  part^  cApaltln  of  following  their  ordin:iri'  av» 
during  the  process  of  the  induced  disorder.  On  the  other  hfiiid, 
would  have  hardly  been  possible  in  the  aist'  of  persons  contracting  nmtiW 
pox  in  the  ordinary  way,  among  whom  the  disease  was  apt  to  exj 
such  virulence  as  to  account  for  the  death  of  perhaps  &0  per  eei 
those  attacked. 

Not  only  wore  the  eflectfi  following  ouinoeulation  comparatively 
but  the  disejise,  in  this  form,  was  intentionally  brought  into  many  cot 
districts  which  otherwise  might  not  have  become  invaded  by  smtdb 
In  the  light  of  these  facts,  it  occurred  Uy  the  writer  that  it  was  m 
probably  from  the  hw^tijiUd  fonn  of  smaU  pox,  rather  than  froi 
ordinary  variety  of  the  maJady,  that  much,  at  any  rate,  of  the  cow* 
in  the  pre-VHccinatiou  era  was  derived.     It  is  not  difficult  to  undai 
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the  cracks  so  often  found  on  the  udders  of   cows  might  become 

by  a  milker  wnth   fingers  contiiniinate<l    hy   contact   with   the 

ition  sore  upon  his  arm.     The  Mritcr  determined,  therefore,  to  put 

imitter  to  t!ie  test,  and  in  default  of   inoculated  sniaJl-pox  in  the 

lan  subject^  the  necessary  material  was  experimentally  obtjiintid  from 

monkey,  an   animal  which  is  readily  BUsceptiMe  to  the  inoculated 

The  results  of  tins  investigjition  may  be  briefly  Bummnrised 

follows : — 

hi  each  of  four  separate  series  of  experiments  the   human  small-pox 

Ijniph  or  pulp  was   first   inoculateti   directly  on   calves,    an(J,   in    every 

inMsnce,  so  far  ;i3  could  be  observed,   with  allugother  negative  results. 

But  with  monkeys,  success  was  as  invariably  obtained,  and  when,  after 

000  or  more   ]vissages  through   this  animal,   the  conteiit^i  of  the   hx'al 

bocol&tion- vesicles   were  employed   for  insertion  on   the   calf,  an  eflri;et 

WM  DOW  produced  which,  after  two  or  three  removes  in  that  animal, 

»M    iudii^tinguishublo    from    typical     vaccini.u       Moreover,    from    the 

Contents   nf   vesicles   raised   in    this  manner  on  the  calf,  a   number  of 

cliildren  have,  in  turn,  been  vaccinaterl,  some  of  whom  were  afterwards 

kept  tmder  olwcrvotion  for  as   long  a  period  as  a  couple  of  months. 

Every  such   vaccination   "took"  nonnally,  an<l   in  no  case  was  any  bad 

••eTOlt   subsequently   observed;    no    "generalisation"    of    the    eruption 

OxTirring  in  any  instance, 

Since  then  it  can  be  conclusively  proved  that  small-pox  lymph,  by 
^Mtting  through  the  systoiu  of  the  calf,  with  or  without  the  monkey  as 
AitermedLiry,  can  he  so  altereil  in  character  as  to  become  deprived  of  its 
]>ower  of  causing  a  gencmliscfl  eniption,  while  inducing  at  the  site  of 
inocul&tion  a  vesicle  undistinguishablc  from  a  typical  vaccine  vesicle ; 
uid  more  ini|)ortant  still,  since  it  can  be  shewn  that  when  transferred 
a^u  to  man,  it  has  by  such  treatment  completely  lost  its  foimor  power 
to  produce  a  general  Jise^Lsc,  it  may  fairly  be  asserted  that  cow-|>ox — 
or  rather,  that  artificially  inoculatcti  form  of  the  disease  which  we  term 
vaccinia — is  nothing  more  nor  less  than  variola  modified  by  transmission 
through  the  bovine  animal.  Perbafw  the  mast  reasonable  iriterpret;»tion 
of  such  results  may  be  that  sniall-|jox  and  vaccinia  an^  lK)th  of  them 
descended  from  a  coumion  stock — from  an  ancestor,  for  instance,  which 
rceembled  vaccinia  far  more  than  it  rejierabletl  smallpox.  It  is  conceiv- 
able, indeed,  that  the  seeming  vaccinia,  obtained  in  the  calf  by 
inoculation  of  small-pox  matter  into  that  animal,  may  after  all  be  but 
a  reversion  to  an  antecedent  type ;  and  in  this  connexion  we  may  call  to 
mind  a  fact  of  imivei-sal  experience,  namely,  that  vaccinia,  hctwevor  it 
may  have  arisen  in  the  past,  oi'  is  made  to  appear  in  the  present, 
exhibits  little  tendency  to  "sport"  (as,  for  inattince,  by  manifesting  a 
"generalised  eruption")  in  the  direction  of  smalt-jjox. 

Mr.  Picton  and  Dr.  (now  Sir  W.)  Collins,  in  their  addendum  to  tlie 
Repori  of  the  Ihynl  dymmimou  on  I'acriniilum,  lay  much  stress  on  the  want 
of  "evidence  to  shew  that  inocidation  of  the  pox  of  the  cow  on  the 
human  skin  lias  ever  produced  small-pox."  Variola  and  vaccii»iii  may, 
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nevertheless,   have   a   common   ancofitry,   since  it  ia  not  unhkelr  i| 
vai'iolu  may   hiive  departed  widely  from  the  ori^iml  type,  uuj  W» 
gaitied   Mti   exalte<l   virulence   by  successive  repru<iuotioD  in  man  u 
conditions  favourable  to  its  propa^tion  and  activity.      If  thi^evului 
of   the   diseatfe    haa,   in    fact,  taken   place,  variola  may   have 
revert«*l.  under  greiuly  changed  conditions,  to  an  ancestnd  type. 
the  reveree  process  ia  not  to   be  expected.     It  is  most  unlikclr  thil 
loss  flirterentiuted  form,  also  enmiuiting  from  the  common  ancesinU  «( 
should  attain  to  the  most  exalted  virulence  in  a  single  individual, 
per  sultum  declare  it«elf  as  smallpox,  as  the  dissentient  Comi 
insisted  that  it  ought  to  do. 

Baeteriologry  of  vaccinia  and  variola. — Wo  owe  the  first  step 
wauls  the  elucidation  of  the  raicro^jKithology  of  vaccinia  to  Clukuvtiuii 
to  Buixlon-Sandersori,  who  by  iiieanti  of  filtration  and  di'iMwit  (ixjwi 
demousimted,  almost  concurrently,  that  vaccine  h'mj>h,  when  fr«d 
its  contained  particles  and  inoculated  on  a  U^'lng  animnlt  no  longer  auM 
vacciiiiii ;  while,  on  the  other  han<l.  the  ]>reoipiUito  or  de(nj«it  irha» 
employed  in  similar  f;ishion  rerauins  capable  of  producing  the  diKaue. 

In  consequence,  Tuiraerous  biicteriologiat*  have  since  devoted  tbeauclra 
to  the  search  in  vaccine  lymph  for  a  niicro-<irgiintsiu  to  whie^  dt* 
special  and  peculiar  ett'cct  resulting  on  the  inoculation  of  ^ucb  lympli  <■ 
due.  Owing,  hoxvever,  to  the  immense  amount  of  work  on  thp  suli 
which  has  been  published  even  within  recent  years,  it  would  h« 
profitable  hero  to  attem))t  to  set  out  any  detailed  account  of  such 
But  it  uiay  he  stated  that  the  evolution  and  development  of  the 
is  liable  to  \k'  accompanied  liy  the  appearance  of  v:ist  numbers  of  luct^nt 
of  one  and  another  kind^  the  ancestors  of  which  wlm-c  proludity,  to  sow 
extent  at  any  rate,  introduced  beneath  the  surfact*  of  the  skin  ai  tit 
time  of  pcrformanc<.*  of  the  vaccination,  since  the  purer  the  lymph 
the  greater  the  antiseptic  precautions  obscrvod  in  connexion  with 
operation,  tlie  less,  us  a  rtde,  will  bo  the  numl>er  of  bacteria  m 
resulting  vesicle.  The  results  of  all  the  more  recent  invcistigntiuasi 
the  bacterial  flora  of  calf  vaccine  clearly  demonstrate  lie  fafii  thit 
lymph  (or  r.ither  vesiclo-pulp)  usually  contains  a  large  number 
micro-organisms  which  are  in  no  way  concerned  with  its  specific  aclii 
and  to  which,  for  this  reason,  the  writer  originally  applio«l  the 
"extraneous."  Those  sj)ocie«  which  are  most  commonlv  mot  irith 
morphulogicaily  and  cidturally,  identical  with  the  staphyhx'occi  fe 
in  pus,  viz.  tlio  Sfophvloroo.iif  ptfogfurs  outem,  nlhuA,  and  cirus 
Occasionally  the  streptococcus  of  pus  may  bo  present,  as  alw  l)^ 
b'taphi/lorarais  rifreus.  It  should  bo  stated,  however,  that  the  fact 
in  vaccine  lymph  mi ctx>- organisms  are  found  which,  in  certain 
stiinccs,  are  known  to  Ik*  jirovocativc  of  suppumtion  does  not 
Way  imply  that  the  l\mph  in  which  they  occur  \s  purnlent,  or  thi^ 
if  such  slaphyloioccuH-infected  lymph  were  employel  for  vaccin;tti( 
the  human  subject,  supjuinition  would  nocesMarily  ensue, 
microbes  of  a  purely  sapn.»phytic  nature  that  are  mot  with  includ* 
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wminon  hay  bncillus,  BmUIus  mesenUricus^  varieties  of  protcus,  yeasts^ 
]Qi>iil(!s,  and  sjircina^  These,  however,  can  for  the  most  part  be 
fxcluded  by  careful  nmiiipulalion,  so  that,  in  vesicle- pulp  which  hiis 
\irtn  collected  with  all  due  precautions,  nothing  is  usually  found  beyond 
njuie  one  or  more  of  the  four  mentioned  t'lval  stajihylococci,  of  which  a 
«Mte  staphylococcus  is  perhaps  most  common,  and  possibly  one  or 
moro  yeasts. 

la  1894  the  writer,  concun-enlly  with  Ih*.  Klein,  recoitled  the 
observation  that,  in  specially  stained  specimens  of  vaccine  and  variolous 
Irmph,  tjiktfn  at  a  period  antecedent  to  fidl  maturity  of  the  vesicles,  the 
preiwnLu  ^^i  lacilli  of  extremely  pmall  aize  and  in  practically  pure  culture 
c»u  bo  demonstrated.  These  bjicilli  cannot  be  found,  or  only  with 
difficulty,  in  mature  lymph,  for  the  reaaon,  probably,  that  they  have  by 
tbeo  given  rise  to  sporca.  For  some  time  it  appeared  impossible  to 
olttain  further  evidence  as  to  the  role  of  these  Irticilli,  as  they  altogether 
refused  to  grow  on  any  of  the  onJinary  cidtiu'e  media,  and  under  either 

ric  or  anaerobic  conditions,  though  this  very  fact  tends  to  shew 
they  are  not  of  a  merely  saproj^bytic  nature.  On  the  other  hand, 
Che  fact  that  these  ap{Kirently  idcntiial  >>actlli  arc  to  be  found  both 
in  vaccine  and  in  variolous  lymph  of  about  the  fifth  day  of  eruption, 
tcifia  to  support  the  hyjiothesis  that  they  constitute  the  active  contagium 
■^(he  (littoases  in  question.  ^UthouLdi  not  capuble  of  growth  on  gelatin, 
IPb;  serum,  and  so  forth,  cultiu-es  of  these  small  bacilli  were  eventually 
Tihtained,  in  some  few  out  of  a  large  number  of  experiments,  by 
iiiocidation  into  heim'  eggs,  which  were  subsequently  incuUited  at  a 
temperature  of  37*^  C.  for  [jeriods  ranging  from  &  fortnight  to  a  month. 
And  as  rccorderi  elsewhere,  in  certain  inst^inces  calves  inoculated  with 
the  contents  of  theae  eggs  exhibited  by  the  third  remove  a  vesicular 
eruption,  the  lymjih  obtaineil  frnm  which  was  successfully  employed  for 
the  vaccination  of  a  largo  number  of  childrcji. 

Psorosperms  op  sporozoa  in  lymph. — In  consequence,  no  doubt,  of 
'Me  apparent  impfissibility  of  isolating  from  vaccine  lympli  any  bacterium 
rhich  could  be  regarded  aa  pecidiar  to  vaccinia,  several  observers  have 
nught  to  prove  that  oruaniama  of  a  somewhat  hi^'her  order  than  T)acturia 
iii^bt  be  concerned  in  tht-  production  of  this  nialaily,  and  also  of  vaiiola. 
Tor  instance,  bodies  believt;d  to  beof  thenatureof "  jeorosperms"  orsporo/oa 
Live  been  deftrriltetl  in  and  among  ihtj  epithelial  cells  of  an  inoculated 
irca  by  Pfeiffer,  (Jiuirnieri,  Monti,  van  (icr  Lnefl",  l)ochlL',  and  Sieherer 
m  the  Continent ;  by  Dr.  liutt'er  and  Mr.  Jackson  Clarke  in  this  country  ; 
tod,  more  recently,  by  Councilman,  Calkin,  jind  their  coUalwrateurs 
tt  America.  Dr.  Kutl'er  and  Mr.  Plimmer  described  the  allege*]  parasite 
*  a  small  round  boily  which  sometimes  appeal's  to  have  a  more  darkly 
taining  centre.  It  is,  they  say,  aboAit  four  time^  the  size  of  an  ordinary 
taph^'lococcus,  and  generally  lies  in  a  clear  vacuole  in  the  protoplasm  of 
he  epithelial  cells  of  the  stratum  Malpighii,  aruj  occasionally  indents  the 
lucleus,  though  it  has  not  been  found  enclosed  in  the  latter  body.  These 
ibficrvers  state  that  they  have  found  the  same  organisma  in  sections  of 


skill  from  Hmall-p^^x  patients  anil  in  ftma.U'{X)x  pustuica  of  t^e  UrTnaud 
ti-uchen.     Pfoiffer  tloscrihes  similar  bodies,  not  only  in  the  cpithc^tikl 
of  the  vaccine  vesicle,  but  likewise  in  all  other  vesicular  eruptions  (rf: 
and  the  lower  animals.     Pfeitfer,  Guaniieri,  Kiiffer  and  Plinimer  nil  nam 
that  these  parasites  exhibit  very  slow  amwixtid  movementsi.     (Tor  k 
scription  of  Cytoryctes  seo  Professor  ^linchin's  article  on  "PruUww' 
the  volume  on  Tropical  Diseasuji  and  Animal  Panisitc£.) 

There  can  bo  no  doubt,  of  com*se,  aa  to  the  occurf«i<»  of 
appearances  lioscribetl,  althougli  wo  may  not  be  prepared  to  icccpc 
interpretation  put  upon  them ;  and  in  this  connexion  it  is  well  to  bwi 
mind  that  the  bodies  enclosed  in  cells  descril>ed  by  Ouaniien,  Mc 
and  KiiHer  are  said  by  them  to  diHer  essentially  in  thr.ir  st^ininf* 
anri  in  tfaoir  n|i]K'jLnince  from  those  of  I^feifler,  vnn  dcr  Loufi*.  and  oclnl 
It  may  be  added  also  that  no  such  l>odies  have  been  autififMitiirilf 
demonstrated  in  vaccine  lymph  itself.  It  is  therefore  not  improlBUe 
that  the  "  pjtrasites "  in  question  represent  merely  the  resnll  of  i 
specitio  irritation  of  the  epithelial  cells  of  the  akin,  consequent  oo  ilie 
inocidatiun  of  vaccine  lymph  contaiiiin;;  the  living  \iruB  of  the  diseue. 

A  Snuiil-pox  .'//i/ii«rin.— Inspired  by  the  investi^atioiut  of  Tizsnu 
and  Cattani  on  tetanus,  an<l,  later,  of  Behring  on  dipbtheriti,  attentioa  kw 
been  directed  for  some  time  [jast  to  the  prrKluction,  if  pog^iblp,  of  u 
antitoxic  serum,  wliich  might  Iw  of  use  in  the  treatment  of  smallpox,  (or 
when  once  this  disease  U  ftdly  manifested  vaccination  is  practioJlr  ot i 
no  avail.  The  resultM  of  ux[>erinionts  in  this  direction  reconled  by  dillcnok] 
observers  are,  however,  somewhat  conflicting. 

Thus  Kramer  and  Boyce  were  unable  to  produce  any  inunupilf ! 
even  with  large  doses  of  serum  from  vaccinated  calvoa ;  ami  Denaiffi 
and  Peiper  arrived  at  a  similar  conclusion.  On  the  other  hai 
Kinyoun,  and  lllava  and  Houl  claim  successful  residts ;  but.  so  itf^ 
can  be  judged  from  their  jmblications.  such  claim  would  appear  to  rtfti 
somewhat  slender  foundation  ;  although  Hlava  and  Houl  state  that  in  i 
instance  the  injection  of  their  senmi  to  the  extent  of  06  to  1  0  c,c, 
kilo  of  body-weight  of  the  experimental  c-ilf  entirely  prevented  th6 
of  vaccine  hnuph  iuoculatod  four  days  Liter.  They  have  not  aa  y«l 
on  record  any  experiment  with  variola. 

The  fiUlest  iuid  most  recent  contribution  to  this  subject  is  that 
B^lere,  Chambon,  and  MiSnard.  The  conclusion  at  which  these  ailt 
arrive  is  that  the  sentm  of  a  vaccinated  heifer,  gathered  afur  the  dryi 
of  the  pUHtidoB,  immunises  to  a  certain  extent  agiiiufit  the  effect* 
subsequent  vitccination ;  but  the  diagrams  with  which  the  paper 
illustrated  shew  that  the  atitagonism  is  by  no  means  complete. 

History  of  various  lymph  stocks. — .Tenner's  Hrst  ca^c  of  racciiuUiOQ 
was  that  of  a  bo}*,  eight  3*ears  of  age,  whom  he  inoculated  on  the  tm 
with  cow-pox  matter  taken  from  a  sore  on  the  hand  of  a  dairA'maid  vho 
in  turn  had  become  infect<*d  with  the  disease  from  milking  cowb  kufTering 
from  cow-pox.  This  was  in  I79G  ;  but  it  was  apparently  not  until  two 
years  later,  in  1798,  that  he  made  his  first  attempt  to  carry  on  a  alr»m 
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Ijmph  from  arm  to  arm.  In  the  spring  of  that  year  he  inoculated  a 
lild  with  matter  taken  directly  from  the  nipjtle  of  h  cow  :  tunl  front  iho 
finlting  vesicle  on  the  arm  of  this  child  first  operated  on,  he  inoculated, 
',  as  it  mav  now  be  more  correctly'  termed,  "  vaccinatc<l ''  another.  From 
us  child  severrd  others  were  vaccinated  ;  from  one  of  the-se  a  fourth 
iraove  wa«  carried  out  successfully-,  and  finally  a  fifth.  Four  of  the 
lildren  were  subsequently  inoculated  with  small-pox — the  "variolous 
et " — without  result. 

At  this  jioint.  however,  the  strain  appeitrs  to  have  been  allowed  to 
ie  out ;  hut,  in  January  1799,  AVoodville.  one  of  the  physicians  to  the 
mall-pox  Hospital  in  London,  who  had  been  much  interested  in  Jenner's 
iTCJli^tinns,  discovered  the  presence  of  cow-pox  in  a  dairy  in  Gray's 
iin  I^ne.  With  lymph  obtained  from  one  of  the  cows  in  this  dairy  ho 
acdiiated  seven  persons  at  the  Smali-pox  Hospital ;  while  in  the  cjise  of 
Mlin  other  persons  he  employed  matter  from  sores*  on  the  bund  of  a 
Bymaid  who  had  become  infected  from  one  of  the  cows  at  this  same 
aire.  These  cases,  from  which  afterwords  in  succession  many  hundreds 
if  persons  were  vaccinated,  were  the  source  of  what  is  uswully  spolten  of 
si  "Wood\illo'a  lymph."  These  strains  were  extensively  distrilmted 
Kith  by  Wood vi  lie  and  also  by  Pearson,  one  of  tlie  Physicians  to  St. 
^en^'s  Hospital ;  but  even  at  this  ))erio<i  lymph  from  several  other 
ouroes  had  also  come  into  use.  Thus  Pearson  very  early  obtained  lymph 
rom  a  dairy  in  the  Marj-Iebone  Road  and  elsewhere  ;  while  Jenner,  who, 
nving  for  a  time  no  supply  of  his  own,  Iiad  used  some  of  AVoodville's 
Mpiud  lymph,  obtained  a  further  supply  from  a  cow  at  a  Mr.  Cljirkc'a 
irm  in  Kentish  Town, 

The  lymph  first  employed  on  the  Continent  and  in  other  foreign 
otintries  was  undoubtedly  supplied  in  large  measure  by  Pearson  and  Wood- 
ille;  although  we  learn  from  Baron  and  other  authors  that  Jenner,  who  was 
atamlly  much  appealed  %o  for  supplies  of  lymph,  himself  sent  lymph  to 
tromeyer  of  Hanover,  to  iJc  ( 'arro  of  Vienna,  to  Berlin,  aiid  to  Newfound- 
ind.  Strains  derived  from  lyniph-stocks,  onginally  supplied  by  .Tenner, 
we  also  sent  abroad  by  various!  persons  ;  tlie  oriyinul  stiiiin  being,  in  largo 
eunre  at  any  rate,  the  lymph  obtuinod  by  Jenifer  from  the  Clarke's  Farm 
m.  It  would  be  erroneous  to  suppose,  however,  that  all  the  lymph  em- 
oyod  abroad  in  the  early  days  of  vaccination  was  obtained  from  England, 
ideed  both  Saeco  and  De  Carro  made  extensive  use  of  lymph  obtained 
'  tlie  former  from  a  case  of  natunil  cow-pox  which  he  discovered  in 
>mb&rdy.  From  this  stock  also  De  Carro  sent  supplies  to  Constanti- 
"ple,  where  it  was  employed  for  the  first  v;iccination  carried  out  in  that 
.i-t  of  Europe.  Do  Carro  it  was  also  who  first  succeeded  in  conve3'ing 
supply  of  lymph  to  India.  This  lymph,  again,  was  not  from  Jenner's 
xk,  but  was  of  Milanese  origin,  having  been  furnished  to  him  by  Sjicco 
wafi,  moreover,  not  of  bovine,  but  of  etpiine  origin,  and.  according  to 
e  Carro,  had  never  been  passed  through  the  cow. 

Among  more  recent  strains  may  bo  mentioned  that  obtained  in  18.10 
Passj,  in  the  environs  of  Paris,  from  the  hand  of  a  milker  who  had 
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contmcted  casual  cow'-]X)x.     The  old  stock  then  in  Ui*e  at  the  A 
do  Jkuiccine  had  evidently  degenerated  somewhat;  and,  when  its 
wore  conipjired  with  those  of  the  new  Passy  lynipb,  tlie  i*esiclB6de 
from  the  latter  were  found  to  be  manifei^tly  6ner. 

In   183G  Kstlin  of  Bristol  put  in  circulation  a  stock  which  at 
shewed  unioual  activity.     This  abated,  however,  aft«r  som« 
eions,  and  the  lymph  nfterwarfls  came  into  extensive  use. 

From  this  time  onwards  the  various  stocks  became  so  ntunerotu 
Ceely,  writing  in   ItiU,  states  that  during  the  preceding  throe  y«n 
had  expLM'inientcd  with  lymph  from  more  than  6fieeu  distinct  sowrc«i; 
these  six  had  been  taken  from  the  natural  discAsc^  either  direct  from 
or  from  vcsicle«  on  the  hands  of  the  milkers,  and  seven  were  a 
produced  in  the  cow. 

A   lymph  stock  in  u3o  for  a  number  of  ye:ira  at  the  Go 
Animal  Vaccine  Esublishment  was  originally  obtainenl  on  26lh  No 
1881  at  a  farm  in  the  village  of  Lafdrct,  not  far  from  Bordeaux  ;  vbew 
a  sample  of   lymph   from  the  seventeenth   calf  in  succession  fron  lb 
animal   first  affected  was  sent  by  Dr.   DubKniilh,   of  Bonilc-auir,  to  lb 
Medical  Officer  of  the  Local  (Jovernment  Boai'd. 

Of  late  j'ears,  more  pHrticularly.  numerous  strains  of  acKi^Uled  variola- 
vaccine  lymph,    obtjiined    hy   inoculation   of    human    small-jKix  on  tlw 
calf,   have  been  introduced  especially  by  Fischer,  by   Haccinti.  and 
King,  and  have  been  traut^mitted  through  many  thousands  of  indiridt 

In  discussing  the  origin  of  the  various  lymph  strains  at  that  xaai 
use  Dr.  (now  Sir  AV.)  Collins  and  Mr.  Picton,  in  their  addcndtuii  to  ti» 
UqtoH  of  Oui  Hoijtit  Commission  ok  Viitannlum,  make  a  point  of  the  impo»» 
bility,  as  they  say,  of  employing  the  **  variolous  test"  as  a  proof  w  il" 
efficacy  or  the  reverse  of  any  pai'ticular  lyniph-siock.     It  \&,  indp«L ' 
penal  offence  at  the  present  time  to  inoculate  a  human  being  with  >^r»k 
but  to  demonstrate  that  it  is,  nevertheless,  by  no  means  imp'tssible  to  V^ 
the  potency  of  any  given  sample  of  lymph  by  this  method,  mrni'-      ' 
be  miide  of  certain  experiments  cjirried  out  by  myself  with  th**  ■ 
determining  this  question.     Monkeys  were  employed,  on  acc<>:jr,!   •■ 
similarity  in  many  respects  toman;  and  it  was  fnund  on  o\j-*  rin.n.i-^ 
investigation  that  they  are  susceptible  both  to  vaccinia  and  varioU     ^H 

In  the  coses  of  varioLi  and  of  vaccinia  alike,  the  local  result  of  ittocs^^ 
lion  attains  its  acme  (r/mt  vesictilation)  in  the  monkey,  a«  in  the  Imn*" 
being,  aUiut  the  eighth  *iiy.      The  first  signs  tif  reaction  apjwar  luuallyan 
the  third  day,  by  which  time,  if  Yiiriolous  lymph  bjis  been  used,  iherBi* 
a  distinct  thou<;h  \<!.ry  thin  crust  over  the  site  vf  inoculalion.     The  fM 
diflerence  note<l  )»etween  the  effects  resulting  from  the  kical  inoL-ulAtion 
of  these  two  diseases  iii  tlie  monkey  is,  that  in  the  case  of  variola  tber*  ^ 
more  or  less  of  a  crust  from  the  fii^l,  that  vesicidatiun  is  1cm  ouiHt^ 
than  in  vaccination,  that  about  the  ninth  to  thi*  eleventh  day  *  giaicni 
eruption  may  apjiear,  whieh»  in  some  instances,  covens  the  whole  surfsct 
of  the  body,  and  that  the  final  scab  at  the  site  of  inoculation  is  iH>t  *' 
elevated  in  the  variolated  as  iu  the  vaccinated  animal.     Frouf  having 
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been  thus  obtained  that  this  nnimal  is  capablu  of  being  infected  witb  both 

vBCcinia  and  ^-ariola,  and  that  it  piLsses  through  these  diseiisea  in  forms 

MiuiUr  tu   those  witnessed   in    man,   it   was  deteimincd  to  make    trial 

of   the   (irotcction   H|zaiii8t   small  -  pox  afToriled  in   the   monkey  by  pfe- 

vtoii£  vaccination,  and    of    the    protection   against  vaccination  affordc<l 

by   variolation  ;    and    it    appeared    desirable  aUo  to  compare  the    eH'ect 

prroduccd   by  the  use  of  human  nnd  of   ndf  vaccine  respectively.     For 

thifi  purjwso  humanised   lymph   was  obtained  from  Birmingham,  where 

it  i«  i^tated  that  the  8^ime  strain  of  lymph  has  been  continuously  carried 

0(1  by  means  of  armn>arni  vaceinatiun  for  npwunla  of  thirty  joArs ;  the 

caU- lymph   was   obtAined    from    the    Government   Animal   Vaccination 

Stution  in  Uirab's  Conduit.  Street^  nnd  small-pnx  lymph  was  supplied  fmm 

the  hospital  shijie  in  the  Thames-,  from  Warrington,  and  from  Manchester. 

Aft  the  i*esult  of  many  experiments  extending  over  a  period  of  several 

mtttitha,  it  became  obvious  tliat  the  mutually  protective  power  of  lymph 

lod    from   these    three   different   sources    when    inoculated    nn    the 

, 'y   is  practically  identical   in   all   respects,  the  Bcccmd  inoculation 

h4\ing  invariably  betsn  productive  only  of  a  negative  result. 

The  criticism  of  Dr.  (now  Sir  \V.)  Collins  and  Mr.  Picton,  therefore, 
falU  t-o  the  ground  ;  since  if  it  be  desired  to  apply  the  "  variolous  test  "  to 
Hny  i^iven  lymph-si<x-k,  all  that  is  neces^^ary  is  to  vaccinate  a  monkey  with  a 
Simple  of  the  lymph  in  question,  and  subsequently  to  inoculate  the  nnimal 
With  [Mtent  sniiill  pox  lymph  after  the  lupsu  of  such  period  from  the 
tirst  operation  ;is  may  Itc  thought  j)ro|M>r. 

Morphology  and  chemistry  of  vaccine  lymph.— Fresh  vaccine 
lymph,  taken  before  full  maturity  of  the  vesicle,  is  a  clear,  transparent, 
limpid  tluiil,  almost  colourless  iu  man  and  Hlightly  straw-coloured  when 
obtained  from  the  calf;  this  dift'erencc  in  colour  depends  on  the  varjnng 
qiulity  of  the  normal  pigment  prnsent  in  the  blood-jilasma.  t.'alf-vaccine 
lymph  is  also  somewhat  more  visci<l  than  human  lymph,  and  does  not 
How-  so  readily  when  the  vesicle  is  punctured  ;  tlius  it  is  usually  necessary 
I  to  nse  compression  forceps  in  the  collection  of  calf-lymph.  Examined 
I  Qicroftcopically,  vaccine  lynijdi  contains  a  certain  amount  of  epithelial 
Lflcbris,  a  few  cells  and  portions  of  cells  being  always  visible.  Leucocytes 
^^hs  usually  pre^ient  also,  the  number  dep<^nding  on  the  stage  at  which  the 
H^lnph  is  tjiken  ;  few  or  even  none  are  to  l>e  found  in  the  contents  of  the 
'  Vesicle  when  first  formeil,  but  at  or  after  the  period  of  maturation  tliey 
may  )>e  so  numerous  as  to  render  the  lymph  turbid,  or  even  puriform. 
A  few  red  Idood -corpuscles  may  be  noticatble.  althotigh  most  observers 
vill  hardly  agree  with  the  statement  made  by  Dr.  Husliand  to  the  Koyal 
Commission  on  Vaccination  that  this  is  invariably  the  case. 

In  stained  specimens,  particularly,  microorganisms  of  one  or  more 
varieties  can  rejuiily  l)e  demonstrated ;  the  actual  nnmlters  being 
dependent  to  a  certain  extent  on  the  care  with  which  the  Ijnnph  has 
been  collected.  The  nature  and  significance  of  the  various  microbes 
which  at  one  time  or  another  have  been  isolated  from  specimens  of 
vaccine  lymph  has  l>een  discussed  in  the  section  on  Bacteriology  (p.  764). 


It  18  matlor  of  common  knowledge  that  untre»led  lyniph,  when  itored 
capillary  tubes,  is  apt  after  a  longer  or  shorter  int<T\al  to  become 
in  which  circumstances  it  is  also  liable  to  bo  uncertain  in  its 
when  subseijuently  used  for  the  opemtion  of  vaorinalion.  This  offcji 
appcurntice  may  hk  quite  independent  of  any  coagtUation  of  the  lymp^ 
an  may  not  infrct|uently  be  demonstrated  on  br-eaking  tubes  in  wbiU 
it  is  most  marked.  On  the  other  hand,  where  clotting  ha«  taken  plicf 
after  the  lymph  hixa  boon  stored,  the  opacity  tends  to  form  mtli  tW 
coagulum  a  central  whitish  thread  in  the  midst  of  a  clear  finid,  inttiid 
of  being  ilistributed  through  the  lymph  in  discrete  points  u  nti^ 
otherwise  be  the  case.  If  cultivation  experiments  he  carried  oirt  1^ 
inoculation  on  nutrient  media,  the  number  of  colonies  remltiug  fm 
such  inoculation  ^>'ith  the  contents  of  tubes  which  hare  become  ofu^vt 
is  usually  much  greater  than  if  fresh  lymph  lie  employed  in  a  sjiniltf 
manner.  We  are  apparently  justified,  theivfore,  in  considering  thai  ila 
oi>aciiy  of  old  stored  lymph  is,  in  the  main,  the  outcome  of  &ii  emxiDoat 
mid tipli cation  of  aerobic  bacteria,  the  ancestors  of  which  are  prweni  in 
the  lymph  when  first  collected ;  although  their  numbers  are  tbvB  x> 
comparatively  small  as  not  to  render  it  in  any  way  turbid  It  follrt« 
that  vaccine  lymph  which  has  l>ecome  opaque  should  never  be  aapki^ad 
for  vaccination, 

Vaccinatioti  l\'niph,  chemically  speaking,  consists  of  the  aenoL  ¥ 
rather  of  the  plasma  of  the  blo(»d.      \Vhen  ffeshly  obtained,  tbertf  r.  i' 
is  faintly  alkaline  in  reaction;  but  it  becomes  distinctly  acid  after  a  in' 
when  stored.     In  addition  to  the  various  salts  aud  proteide  nonnal]; 
present  in   the   blood-plasma,  vjiccine   lymph   contain*  some  stibtfABct 
possibly  of  the  nature  of  a  toxin,  which  results  from  the  vital  iicliiitv 
of   the   specific  organism   peculiar   to   vaccinia.      That    this  is  so  nuy 
be   proved   either   by    filtration    of   the  l^'mph   through   prircelain  or  1'? 
exposure   of  it  to  a  temperature  of  about  50"  C,     If  «uch  liltcrwi  ta 
sterilised  lymph  be  inoculated  on  the  skin  in  the  uauaI  mozincr,  oA^ 
obvious  effect  is  jinxluced  at   the  point  of  inoculation  ;    but  it  iriU  )^H 
found  that  the  animal   has  been   rendered  temporarily  immune  to  ihf^ 
effect-s  of  subsequent  vaccination  with  lymph  of  normal  pt>tency. 

Histology  of  the  Vaccine  Vesicle. — During  the  evolution  ol  ^ 
local  changtfii  which  result  from  the  insertion  of  vaccine  lymph  bcn»ili 
the  surface  of  the  skin,  it  is  possible,  as  previously  indicated,  to  roK$D>** 
three  more  or  lestn  deHnite  stages  of  papule,  vehicle,  and  puAtide. 
same  statement  holds  good  with  reference  to  the  eruption  of  sniftll|' 
whether   this   he   local,   i.r.  due  to  inienlional    inoculation  of  the  v 
oil    the   akiu^    or   general,  as   the   result    of   casual   iniectioii,   with 
exception  that  the  edge  of  the  vesicle  resulting  from  inoculation  »  i|* 
to  be  leas  regidur  in  outline  than  is  that  of  the  v:iccine  ve«iclc 

In   oiich   instance  the  appearance  of   the   first  or  jmpuiar  ttap  i* 
brought  about  by  inflammatory  reaitinn,  causing  an  increase  nf  ii 
cellular  Buid,  together  with  concomitant  increase  in  volume  and  nu' 
of  epithelial  cells,  of  the  rete  Malpighii  more  particularly.     The  pAi 
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iradiully  becomes  ^nlnrgtMl  by  a  circumferential  extensiun  of  the  8»me 
iroccfis,  and  owing  to  further  changes  in  the  cells  first  affected,  vacuoles 
irwe  in  the  central  portion  of  the  papiile,  by  the  extension  of  which  this 
iltimately  becomes  a  vesicle. 

The  n'sidf  is  a  nmltilorular  sinictnie,  the  rlisscpiments,  by  means  of 
irfaich  its  interior  is  divided  up,  l>eiiig  formed  from  the  tliinned  and 
^xtended  remains  of  the  ori*onal  epithuiial  cells.  Owing  to  the  fact 
that  the  process  of  vacuolalion  increases,  for  a  time,  more  extensively  at 
tbe  advancing  edge  of  the  vesicle,  the  central  portion  remains  somewhat 
Um  elevated,  thus  giWng  rise  to  the  appeamnce  termed  "umbilication." 
BAi  a  somewhat  early  stage  of  the  process  an  outflow  of  leucocytes 
ttSces  place  towards  the  point  of  injury.  In  time,  eiich  blood-vessel 
hea>mes  the  centre  of  an  :iggregation  of  leuc<»cytc8,  which,  by  the  rapid 
increMe  in  their  numbers,  eventually  transform  the  originally  clear 
blkinmator}'^  exudation  into  a  more  or  less  punilent  fluid.  The  vesicle 
U  Buid  now  to  have  become  converted  into  n  //ustult. 

By  the  thinning  and  ultimate  rupture  of  its  tmbeculfe  the  pustule 
finally  becomes  unilocular.  The  turlud  Hnid  contained  in  it  now 
LTtdually  dries  up,  and,  together  with  tho  necrosed  remains  of  epidermal 
*ll9,  takes  part  in  the  formation  of  tho  cn^W,  which,  unrler  the  miiroscope, 
ppears  .-us  a  homogeneous  mass  which  takes  an  intense  coloration  when 
rented  with  the  otrlinary  laboratory  stains. 

Meanwhile  a  regeneration  goes  on  underneath  the  crust,  the  new 
fiidermis  being  formed  by  an  ingrowth  from  the  surrounding  sfrotum 
fculum.  The  extent  to  which  tho  aUU  nra  has  been  involved  determines 
ie  depth  of  the  resulting  scar. 
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Collection  and  storage  of  vaccine  lymph. — Previous  to  the  year 
S99  the  use  of  ann-tf>-arm  human  lymph  had  been  iii.sisted  on  in  this 
mntry  in  the  case  of  all  vacciniitions  peHornied  .it  public  stations,  for 
le  reason  that  until  recently  this  was  tho  only  method  by  which 
mph -stocks  could  be  perpetuated,  and  the  greatest  possible  purity  of 
le  lymph  ensured. 

In  ^"iew,  however,  of  the  recommendations  of  the  Royal  Commission, 
nbodied  in  the  Vaccination  Act  of  1898,  this  method  has  been  dis- 
intinue<li  nO  far  as  pulilic  vaccinations  are  concerned,  in  favour  of  the 
le  of  calf-lymph,  with  the  object,  among  others,  of  diiuinishing  the 
»ry  i*emi)to  possibility  of  the  conveyance  of  syphilitic  infection  by  the 
>eration  of  vaccination  (p.  71*2).  By  this  change  of  method  the  Com- 
ginoners  aUo  considerwl  that  the  necessity  for  opening  vaccination 
PScles,  and  thereby  i>f  aHording  opportunity  for  other  local  infections, 
ould  1k!  avoided — such  precaution  being  in  their  opinion  a  desirable 
ne,  althoxigh  they  added  that  its  imjiortance  has  been  exaggerated. 

If  human  lymph  Ijc  required,  the  vesicle  should  be  opened  by  a  number 
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of  minute  punctiu'os,  which  must  lie  miule  on  ita  snrfaoe  mid  ooi  around  1 
base.  The  objuct  of  »uuh  multiplo  puncturee  is  U>  opoii  the  vikrioibciA'' 
spai:o8  iiL  which  tlic  lymph  is  conUiined  \  that  of  puncturing  oa  1^ 
surface  rather  than  arournl  the  base  is  to  Avoid  any  Admixture  wnh 
blood.  Lymph  soon  collects  in  droplets  at  the  points  of  incUioo, 
m^ty  be  removed  on  a  lancet ;  or,  if  required  for  use  At  a  distance. 
l»e  t'lkcn  up  int«  capillary  tubes.  On  no  account  should  the  resde 
pressed  or  stpieezod  in  order  to  increase  the  flow  of  lymph,  suppoUBjl 
the  amount  to  be  but  scanty  :  and,  on  the  other  hand,  if  it  bo  irwy 
thin,  and  consequently  flow  too  readily,  it  should  not  be  employed  fc^ 
use  in  vaccination. 

The  colU'clion  of  calf-lymph  is  a  matter  of  rather  more  difficullT, 
owing  to  its  gre;iter  degree  of  viHciility  and  to  the  cloBer  t«xturd  of 
ec'll-sjHicoa  in  the  vesicle,  it  does  not  flow  readily  when  the  veodi 
punctured.  For  this  reason  it  is  necessary  to  cmplo}*  comprMka 
forceps,  between  the  I'l.wles  of  which  the  ve)?icle  is  taken  up  and  confinei 
by  means  of  a  ciitcb  while  the  lymph  is  Injing  removed. 

Lymph,  whether  human  or  calf,  that  is  not  required  for  immwiiit* 
use  may  be  preserved  either  in  a  dry  state  on  "(wints";  or  io  the 
liquid  condition,  in  capillary  tubes  which  must  be  hormotically  saled 
after  l>eing  filled. 

The  points  used  for  the  dry  storage  of  lymph  have  hitherto  Iwffl 
niJide  of  ivory,  but  it  has  hccn  suggoatetl  that  celloidin  would  be  a  w.Tt 
siiitiible  substance  for  the  purpose,  as  a  smooth  non-ahsorlient  rarUct^ 
woidd  be  thus  obtainable.  They  are  usually  about  %  couple  of  inchflf^ 
length,  and  pointed  at  one  end. 

In  ortler  to  charge  the  points  they,  in  this  country,  are  well  dijfei' 
the  lymph  exuding  from  a  vesicle  ;  and  when  a  fair-siied  drop  bu 
collcctefl  on  thorn,  they  are  placed  on  some  raise^l  and  rtat  siirhM^ 
(IS  ii  plute  turned  upside  down,  with  their  moistened  ends  over  lhe«Ip« 
until  the  lymph  h:is  thomughly  dried. 

They  should  Im;  kept  until  needed  in  a  clean,  well-stoppered 
To  prefKvre  the  lymph  for  use,  a  small  drop  of  water  is  phiced  on 
end  of  the  "  p(»int "  in  order  to  moisten  the  dried  mat^'rial.     Thi» 
now  be  reraovfxl  \\\i\\  the  point  of  the  vaccinating  lancet,  or  the  t\\\ 
the   "point"  may  Ik*  rubbed  over  scaritications  of   the  skin   prrvion 
made  with  a  lanceU      In  the  Jir/tort  of  tJitf  liotttU  CommiMfton  w»  Farrii 
however,   the  opinion  is  expressed  that  safety  would  Iw  increased 
preserving  the  lymph  in  tiilws  insteatl  of  on  ''rlry  |)oint«.'* 

The    capillary    tubes    oniplnyed    for    the    ptn|Kise    of   ij'mph-«t' 
shoidd  be  similar  to  those  first  introduced  by  I>r.  Hnsluind  of  h>linburj;h 
In  order  to  fulfil  their  intended  purimee  they  should  l>e  (i.)  large  rniiU|jl> 
to  contain  sufficient  lymph  for  one  vaccination  ;  (ii.)  long  enough  to 
of  both  ends  being  sealed  hermetically  without  subjecting  the 
the   heat  of  the   flame  ;  (iii.)  of  such  tenuity  that   they  can 
infittant;*neously  in  the  flame  nf  a  spint  lamp  ;  and  (iv,)  of  such  «trvngth 
as  not  to  break  easily  in  handling.     To  till  a  capillary  tube  it  shoiUdj 
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a  more  or  less  horizontal  position,  nnd  one  end  applied  to  the 
irop  of  lymph  exuding  from  a  vesicle  which  has  been  piiiicliired,  when 
be  Ijnmph  immediately  enters  by  capillary  Attraction.  Xn  more  ftlionlil 
le  Allowed  to  enter  than  is  sutficient  to  fill  the  tube  from  onu-half  to 
wo-thirds  t>f  it8  length.  The  tnl>o  is  scjiled  by  applying  the  empty  end 
D  the  tlame  of  a  candle  or  spirit-lamp,  as  much  as  jwRftihle  of  the 
lont&ine*!  air  having  been  previously  driven  out  by  niomenUirilj'  plung- 
ng  into  tlie  flame  the  whole  of  that  portion  of  the  tube  in  which  there 
I  no  lymph.  By  this  means,  as  soon  as  the  extremity  is  sealed,  the 
nlmnn  of  lymph  is  driven  by  atmofipheric  pressure  towards  the  end 
line  closed  ;  and  the  point  at  which  the  lymph  found  entrance  can  then 
bl  sealed  in  the  Hame  in  the  same  manner  as  was  the  other. 

Olycerinated  Lymph. — The  pnicticallj*  universal  oceuiTenee  of  ex- 
mmeotu  microbes  in  vaccine  lymph  and  the  chance  of  addition,  during 
)r  after  vaccination,  of  pathogenetic  organisms  by  the  agency  of  careless 
wople,  whether  vaccinatonj  or  persona  having  oliarge  of  infants,  has 
leoti  a<IvjLncefl  a.s  reasons  for  avoitling  vaccinntion,  on  the  grounds  of  the 
"OMible  hamifulness  of  the  extraneous  organisms  liable  to  be  introduced 
ito  the  lymph  at  the  time  of  the  operation  or  subsequently  in  the 
>iirse  of  the  evolution  of  the  resulting  pocV. 

This  argument,  however  so  far  as  the  microbes  usually  iiitimalely 
Mciated  with  l^'mph  are  concerned  —  loses  whatever  weight  it  may 
IPb  had,  since  I  have  shewn  that  by  thoroughly  incoqiurating  four 
LTtg  of  a  sterilised  50  per  cent  solution  in  water  of  chemically  pure 
ycerin  with  one  part  of  the  lymph  or  vesicle- pulp,  and  afterwards* 
oring  the  mixture  for  soinc  weelis  prior  to  use  at  a  low  temjKjrature 
id  protected  from  light,  all  the  ordinary  saprophytes  found  associated 
ith  l}*mpb  are  eventually  destroyed.  This  result  is  proved  by  the  fact 
at  no  gn)wth  ari8»?s  in  any  of  the  ordinary  culture  media  inoculated 
ith  such  glycerinatcd  lymph.  This  statement  applies  equally  to  the 
kcillus  of  tubercle  and  to  the  stieptoaM^cus  <»f  erysipelas  when  they 
tve  l)oen  added  experimentally  to  viicciuc  lymph. 

In  glyccrinjitcd  calf -lymph  pro|)erly  produced  we  have  then  a 
•eparation  which,  while  even  more  eflicient  as  vaccine  than  the  original 
mph,  can  I>e  jjnMluci'd  entirely  free  from  the  "extraneous"  organisms 
hich,  ftl  one  time  or  another,  have  been  isolated  from  fresh  or  stored 
Tuph  ;  with  the  possible  exception,  in  the  case  of  lym]ib  obtaine^l  from 
le  calf,  of  the  spore-beJiring  A*,  mht'ili^ — the  common  hay  bacillus — 
hich.  however,  possesses  no  pathogenetic  properties.  This  statement, 
Dce  the  first  publication  in  1801  of  the  experiments  on  which  it  is 
Ased,  has  received  ample  corrol)oration  from  many  other  obsen'ei-Sf 
QBOng  whom  may  !«  mentioned  Chamlxjn.  iMenard,  and  Straus ;  Leoni, 
j^^oun,  and  Klein. 

^frhere  can  be  no  tloubt,  therefore,  of  the  sui^oriority  of  this  method  of 
rmph-at«rage  over  the  perhaps  simpler  methods  which  were  previously 
mployed  in  Ktigland.  In  Germany,  Belgium,  arul  elsewhere,  for  some 
^nsiderablc  time  p;ist,  and  for  various  reasons,  admixture  with  glycerin 
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has  been  made  uae  of  in  the  preparation  and  storage  of  vaccine  mausal; 
but  originally  wn'thout  knowledge  of  the  pectilinr  action  exerl^  by  wdi 
treatment  in  the  ])urification  of  lymph.  KiUisato,  for  instance,  jnilitsbtil 
a  series  of  ex]»eriments  in  which  he  Bought  to  free  vaccine  Irmph  (nm 
extraneous  Uicteria  by  the  a<IUition  of  carbolic  acid  to  the  extent  ui  03 
to  8'66  per  cent.  He  stat«s  tliat  in  each  case  the  carbolic  acid  ffiUi  adde 
to  samples  of  trade  lymph  which  had,  however,  already  been  diluted, 
the  process  of  prejiaration,  with  a  mixture  of  glycenn  and  wuter. 

In  the  jiropiiratioti  of  glyeerinatetl  lymph  on,  a  lar^e  scale 
which  on  the  previous  day  should  have  Iteen  injected  with  tubei 
order  to  ensure  that  it  is  not  suffering  from  tuberculosis,  is  stni|ipvd  dowt'] 
to  a  table  of  special  construction,  and  the  nlKlomen  is  shaved  from  tk 
pubes  to  the  umbilicus :  occasionally,  when  a  larger  surface  is  rcquirei 
the    innide    of    the    thighs   is  also  shaved.      The   shaved   area  is  tbis 
thoroui^hly  chiansed  with  sojip  and  hot  water,  and  swabbed  with  a  wlntiutt 
of  corrosive  sublimate ;  and  this  in  it6  turn  is  wa^^hed  off  vitb  Bteriliaed 
water.     With  a  somewhat  blunt  scalpel  superficial  incisions  are  liwa 
made  fairly  cioao  together  over  the  whole  s»irface  of  the  shaved  portion 
of  the  skin,  care  being  taken  to  remove  with  a  sterilised  towel  or  Wottii? 
\fi\\niT  any  traces  of  blood  which  may  appear.     A  sufficient  tpumlity   i 
gU'ceriiiat^d  lymph  must  be  now  thoroughly  rubbed  over  the  iiiciiiviit 
with  the  flat  portion  of  the  blade  of  the  scalpel  j  and  when  this  bw  'Jrcii 
in   the  caK  may  be  removed  from  the  table  and  returned  to  its  iull 
After  the  lapse  of  about  ninety -six  hours  from  the  first  0{)eratinn,  tbe , 
calf  is  again  placed  on  the  table,  and  the  epithelium  and  undcrlyit 
vesicular  pulp  are  removed  by  mejins  of  a  steel  spoon,  firm  pressure  hei 
eni[)loycd  so  as  to  avoid  iw  far  as  possible  the  presence  of  blood, 
scrapings  arc  collected  in  a  Petri  dish,  or  other  suiuble  receptacle.  «w 
immediately  weighed.     To   this  materiid    is   then  added   four  times 
weight  of  a  sterilised  mixture  of  50  per  cent  of  chemically  pure  ^lywr 
in  distilled  water ;  aiid  the  whole  is  thoroughly  ground  down 
The  latter  proct*ss  is  carrie<l  out  either  by  hand,  a  small  pestle  and  n 
being   employed   fi»r   the   piir|Hme,  or,   more  rapidly  and   perbapi 
crticienlly,  by  moans  of  a  mechanical  mixing  machine. 

The  resulting  mixture,  or  emulsion  as  it  is  sometime*  c-illinJ,  itHk 
will  be  sufficient  in  amount  fur  at  least  2000  vaceinaUoms  may  U  k( 
in  bulk  until  required  for  distribution  ;  it  must  bo  stored  in  a  cool  pi 
and  protected  from  the  light  If  desirable,  however,  it  may  Ijc  dr»i 
up  at  once  into  capillary  tulnns,  which  should  be  of  somewhat  Ur 
diameter  than  those  which  are  commonly  employed  for  the  810™^*!! 
unmixed  lymjih.  If  this  be  done  the  tubes  should  lie  tilled  aUjai 
thirds  full,  and  the  ends  then  carefully  sealed  in  the  flame  of  a  >ps 
lamp  or  liunsen  burner.  Dr.  A.  B.  Ureen,  working  at  the  Uovemt 
Ijjtboratories,  iliscovcred  that  by  lassing  chloroform  vapour  tbi 
vaccine  enuilsion  the  process  of  purirication  is  much  hxstened, 
rendering  it  possible  to  cope  with  sudden  demands  for  large  <]Uautitii 
vaccine  l3rmph  such  as  are  likely  to  occur  at  times  of  smallpox  prevail 


00  the  other  hand,  it  would  appear  that  the  time  during  which  such 
ihlorofonueti  emulsion  may  be  expected  to  retain  \i»  fidl  activity  is 
laoally  lens  ihiiri  \v}\ei\  glycerin  alone  has  been  employed. 

Insertion  of  vaccine  lymph. — This  j)r-oces8  may  bo  carried  out 
either  by  puncture,  by  niidtiple  Kupcrficial  incinions,  or  by  scarification. 
I>uubllesj*  the  individual  opemtor  will  attain  the  greatest  measure  of 
nioceas  by  employing  the  method  with  which  he  is  most  familiar  ;  but 
tlwre  can  be  little  doubt  that  thu  mt-lhod  of  insertion  by  Ecariliciition 
ts  the  one  wliich  is  most  generally  satisfactoiy.  This  statement  applies 
not  only  to  the  use  of  fresh  lymph,  but  also  tu  stored  lymph,  wliether  on 
dij  points  or  in  tultos;  and  more  particidarly  if  the  l\Tnph  has  been 
preserved  with  glyceiin. 

The  mode  of  operation  is  brieriy  ;i3  follows; — The  arm  should,  if 
ixssil^Ie,  Hrst  be  washed  with  waiTu  soap  and  water,  and  afterwards 
MRfully  dried  with  a  soft  towel,  gentle  friction  being  employed  so  as  to 
Hu  a  certain  amount  of  distension  of  the  cutaneous  capillaries.  Drops 
M  lymph,  corre.sfjonding  in  inmiber  to  that  of  the  vesicles  which  it  is 
nxjuired  to  produce,  are  then  to  be  placed  on  the  surface  of  the  arm,  and 
be  skin  put  slightly  on  the  stretch  with  the  Hngers  of  the  left  hand. 
'fcxt  the  skin  is  scarifie<l  by  a  method  of  cross-hatching,  through  the 
iropft  of  lymph,  by  means  of  whatsoever  instrument  may  be  prefeifcMl, 
are  being  taken  not  to  place  the  insertions  too  close  together,  lest  the 
itality  of  the  ti.ssues  between  them  be  iiijuied. 

An  ordinary  bleeding -lancet,  the  jjoint  of  which  has  been  slightly 
lunt««it  or  a  Hal- header!  surgical  needle,  are  both  very  ciHcient  fur  the 
lirpoae  of  scarification ;  complicated  instriunerits  should  l>e  avoi<led 
noe,  as  a  rule,  it  is  difficult  to  keep  them  thoroughly  clean  (cf.  also  p.  744). 

The  special  advantage  of  a  needtu  is  that  a  new  one  can  be  employed 
L  every  occasion  ;  if  a  lancet  or  like  instrument  1)0  employed,  it  is 
pbntial  that  it  should  be  boiled  or  otherwise  sterilised  inimcdiately 
efore  use ;  and,  further,  tlrnt  it  shouM  be  dipped  into  boiling  water  and 
iped  on  a  piece  of  steriliseil  cottonwool,  not  only  between  each  o|>era- 
.011,  but,  in  the  case  of  armto-arm  vaccination,  in  the  event  of  the 
accinator  having  to  return  to  the  vaccinifer  for  the  purpose  of  obtaining 
lore  lymph. 

^  S.  MONCKTON  COPE^L^N. 
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VACCINATION   AS   A   BRANCH   OF  TKEVENTIVE 
MEDICINE 

By  John  C.  M'Vail,  M.D. 

TnE  evidence  of  the  power  of  vaccination  over  small-pox  is  jirohably 

sis  grcftt  as,  if  not  graiter  than,  can  be    adduced    in   support   of  any 

pro{K>ailiou  outside  the  domain  of  the  exact  eciencos.     huleeti,  when  all 

the  variabilitic&  of  the  human  body  which  is  the  subject  of  protection, 

and  the  possible  variations  in  the  power  and  activity  of  the  protecting 

i^icy.  are  titken  into  account,   the  proof  of  the  value  of  vaccination, 

koth  in  voliune  and  in   completeness,   is  very  tcniarkablc.     One  of  its 

nwt  striking  feattu'os  is  the  convergence  of  differing  lines  of  evidence 

towards    the    sjime    conclusion.       FitHn     whatever    starting -place    the 

^|Au|^bc  approached,    the   point  reached  is  the  same.      In  whatever 

HHB  the  facts  be  questioned   and  cross  (luestioned,    their    reply    is 

unequivocal  and  unvarying.      If  an   investigator  Iwgiii   hiK  iinpdry  with 

Jniy  alternative  hyjiolhesis  in  view,  he  soon  fincU  that  it  will  not  meet 

the  case.     The  first  line  of  evidence  naturally  relates  to 


Wh^ 


The  Prevalence  of  Small  pox  before  and  since  the  adoption 
of  Vaccination 


,e  question  of  t)ic  aniiqvUfi  of  sniall-pox  has  attracted  many  medical 
lirioriilia,  among  whom,  pcrhai>»,  the  most  notable  have  been  Holwell, 
^*n!an,  Freind.  and  Jaiucs  Moore,  Tlio  origin  of  the  discjise  is  hidden 
»i  the  mists  of  antiquit}'.  The  appearances  which  in  ancient  Greece 
ind  Home  distinguished  one  epidemic'  distvise  from  another  are  seldom 
•tated,  and  there  seems  no  good  proof  that  small-pox  was  knowii  or 
Jiffcrentiiited.  But  Holwell  adduces  evidence  that  in  Hindustan  and 
I'hina  it  waa  known  long  before  the  Christian  eni.  W'illan  points  out 
:hal  Eusebius  (who  wjls  born  alK>ut  *267  a.d.,  and  was  liishopof  Ca^sarea) 
describes  a  S\Tian  epidemic  in  30;i  A.D.  in  such  a  way  as  to  indicate 
ilrongly  that  the  diseiiso  nnist  have  l.wen  variola.  The  account  giveji 
in  581  A.U.  by  Ijregory  of  Tours,  of  an  epidemic  there,  leaves  little 
loubt  that  what  he  described  wiis  smallpox;  anti  the  term  *' variola" 
was  used  by  Marius,  Bishop  of  Avencho,  so  early  as  670  A.D.  In 
Irehind  the  monastic  records  indicate  that  smalljtox  prevailed  as  early 
aa  673  A.D.,  and  frequently  aftenvanis ;  the  native  names  Ixnug 
Bolgagh  and  Oalar  Breac.  In  England  during  the  dark  ages  there 
were  no  stJitistics,  but  8midl-[)ox  was  so  nnich  feai-ed  that  charms  and 
amulets  were  worn  to  keep  it  off;  and  the  leech  book  of  the  Saxon 
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physician   BaM,  M'ho   flourished  in   the   tenth  century,  conuiud^ 

preacriptiorns    for  pock  disease.       tie   told   how   a  "iK)ck  in  cbt 
waa    to   bo   treated.      In    this    century  ftlso,   Razes,    hoepitjil  phj 
at  liugdiid,  wToto  hiiJ  famous  work,  and  it  is  noteworthy  thiit  [i 
the  pustules  as  part  of  the  treatment  ia  recommended  hy  l»oth 
Bakl,  though  the  insstrument  in  the  hand  of  the  £n}:liiih  Itsecb  t« 
A  needle  of  gold  or  silver  but  a  humble  thorn  with  which  "lo 
away    each    one    of    them."      Kaxes    i[uote«    from    writers   in 
centin*iert — Ahron  in  the  seventh  and  Mcssue  in  the  ninth — ai"' 
indication  of  the   disease   being  then  regarded  aa  of  recent  - 
England,   under    the    Normans,   OiilHirt   Anglicus,    about    the  tune  a 
Edward  1.,  and  John  of  Gjxddesden  early  in  the  fourteenth  oentOfT^' 
of  amall-pox,  and  fairly  closely  followed  the  Arabian  writers- 
to  later  centuries,    thou^di     in     this   country    exact   staostics  are 
wanting,  there  is  abunthuit  evidence  of  the  ravaged  of  small-pox. 
disease,    indeed,   finds   a    phice  in  genera]   litenttire,  as  well  as  in  olil 
vocabularies,  and  in  two  or  three  books  dealing,  after  the  fashion  of  il 
time,  with  health  and  sickness — Shakespeare,  Fletcher,  Ben  Jonton 
Donne  mention   it.     I^ter  stilU   Sydenhanrs  wiitingis  oa  snioll-pox  «t^ 
well  known,  and  his  intro(hiction  and  advocacy  of  a  ''cool  rcg;ilDca''  is 
the  diac;ise  is  one  of  the  foundations  of  his  deservedly  great  wput»Uia 
Very  curiously,  howiiver,  though  contemjiomry  and  earlier  \rritcr»  h*! 
unhesiUitingly  r'e;^irdtid  the   disciifie  as   infectious,   Sydenham,  proWrff 
intluenced  by  his  conception  of  epidemic  constitutions  of  the  aUiio^)licn; 
does  tiot  describe  smallpox  as  communicable  from  one  person  tu  anot^- 

The  extent  to  which  small-pox  prevailed  is  suflicicntly  indicated  W 
the  opinions  which  were  held  of  its  inevitability.  \^x\u^  iucidetiUUy 
mentions  that  "hardly  any  one  escapes  "  attack.  Hie  Tlreek  iran»Uw 
about  the  end  of  the  tenth  century,  says  that  ** every  man  is  bom  liiii'f 
to  small  |>ox.  In  tiio  sixteenth  century  Mcrcurialis  states  that  *in»*- 
every  person  must  have  it  once,  and  Vidus  Vidius  reganls  it  as  ad 
attacking  all  persons  in  the  course  of  their  lives. 

There  is  a  curious  record  regarding  small  pox  in  the  vilUge  of 
in  Hertfordshire.     In  1722   tho  population  Wiu*  liolO  and  at  the  "tul 
a  smallpox  epidemic  in  that  year  there  were  only  30^  pt^rson*  wbw 
never  had  tho  disease.      These   302  persons  are  not  described  merely 
not  having  suffered  from  small-pox,  but  as  "  to  hjive   the  smallpox.^ 
Ia  Chester,  according  to  Dr.  Haygarth,  in   1775  only  1060  penoiu 
of  H  total   population  of  ne:u-ly  15,OUO  had  not  suffered  from  small^ 
at  some   time    in   their    lives.       At    Kilmarnock   in   172**-64. 
1000   children    born  alive   161    died   from  snudl-pox.       In   Gl 
tho  years    1783   to  1800  inclusive  there  wore  onr>l»  dwitlis  from 
pox   in    a    total    of    31,088    deaths   from   all    causes.      In    Warrii 
in    1773    there   was   a   small-pox   epidemic   which   caused    211 
in  a  total  of  +43  from   all  causes  in  a   population  estiraatwl   at  full/ 
8000  {?hi\.    Trans.   1774).      In   Manchester,   accoi-ding  to   IVrcival,  iii 
the  six  years   17GD-74,   there  were   589   deaths  from   amaU-pox. 
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a  1773  the  population  of  Manchester,  exoUiaive  of  Salford,  was 
1 3,481.  Sfj  that  the  mortality  per  million  wag  4359.  For  Liverpool, 
l&ygartb  gives  the  population  in  1773  as  34,407,  and  says  *'the 
^nual  avemge  deaths  by  the  smallpox  in  Liverpool  are  220,"  this  giving 
k  rftt«  of  0304  per  million  i»f  {>optilaiuiri.  In  Sweden  in  the  years  1774 
iQ  1800  inclusive  the  dc;iths  from  ;ill  causes  were  1,524,602,  and  of 
ihese  there  wore  11  It, 073  from  smallpox,  the  anmml  rate  being  2049 
per  million  of  populiiiiun.  In  Bt^rlin  in  1758-74  the  deaths  from  all 
causes  were  81,133,  and  from  smallpox  0705,  or  nearly  one-twelfth,  and 
in  1783  to  1800  the  total  deaths  were  98,643,  and  the  small-pox  deaths 
7GG8,  or  one  thii'tccnth.  Sir  John  Simon  in  his  classical  jiaiiers  on 
vaccination  has  collected  nnich  interesting  historical  matter  to  which 
sluileiits  of  the  «nlijett  nuiy  refer. 

I  SmeUlpoi  Inoculation. — With  repird  to  the  prevalence  of  the  dieease 
m  the  eighteenth  century,  the  inHuenct;  of  the  pntctice  of  sniall-pox 
inoculation,  or  variolation,  has  l>een  much  discussed.  But  our  knowledge 
dotra  nut  justify  a  definite  conclusiftn  whether  the  ^ood  i(  did  in  pro- 
tecting the  inoculated  Wiis  j;rcator  than  the  evil  which  it  did  in  aprwtding 
tlie  disease*.  On  whatever  side  the  balance  for  the  eighteenth  century 
ftbould  be  8ti*uck,  it  is  obvious  that,  quite  independently  of  inoi-ulation, 
nnall-pox  in  that  century  antl  in  many  previous  centuries  was  one  of 
tho  most  fatal  scourges  of  mankind. 

SmtiH-2¥n.  Prfmlrtwra  yince  tin'  1  iiiraduciifm  of  Vittfiintititm. — It  ia  necessary 
DOW  to  contrast  prcvaccination  statistics  of  small -pox  with  those  of 
Bore  recent  times.  For  this  purpose  the  Royal  C'ommission  began 
)y  giving  facts  for  the  first  quarter  of  the  nineteenth  century.  The 
)eriod  selected,  though  somewhat  remote  from  the  present  day,  is 
xcellent  for  the  purpose  in  question.  It  immediately  followed  the  intro- 
luction  of  vaccination.  The  adoption  of  the  practice  was  of  course  far 
rom  tmivcrsal,  but  it  is  to  be  i-emembered  that  at  the  Iteginning  of  the 
inet^enth  century  a  very  large  j>roi)ortioM  of  the  population  had  already 
uffered  from  smalt-|Xix  in  tht^  ordinary  way,  or  had  been  protected  by 
ariolntion,  so  that  only  a  minority^  of  the  people  requiied  protection. 
*he  nnprotected  percentage  it  is  impossible  to  estimate,  hut,  looking  to 
bo  preiious  prevalence  of  natural  and  artificial  small-pox,  it  cannot,  I 
hink,  have  amounted  to  anything  like  one-half  of  the  population,  prob- 
bly  not  even  to  one-(|Uaiter.  It  was  among  this  minority  that  vaccina- 
ion  wjis  practised,  and  the  extent  of  the  pnictice  must  have  greatly 
efluccd  the  percentage  of  the  poptdation  who  had  been  subjected  to 
leither  variola  nor  vaccinia. 

Another  feature  of  the  period  1800-1825,  though  not  referri?d  loin 
he  Royal  Commissions  Keport,  is  yet  most  importJint.     For  many  years 

Kthe  l)eginning  of  the  nineteenth  century  the  gieat  bulk  of  the 
nations  could  be  regarded  as  I'ecent,  and  the  need  fttr  reviujciuJition 
tad  hardly  nnV'n.  M'e  may  exiM^ot.  therefore,  to  find  in  the  early  yeju-s 
)f  that  century  nuich  diminution  in  small  pox  prevalence.  The  history 
A  sinttU-[>ox  in  Glasgow  in  the  days  of  Jenner  shews  thai  in  the  abaence 
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of  ftanitution,  and  in  the  prcaenw  of  uhiindancc  of  oppcirtiinitj  W 
i4miil)-ixix  infection,  vaccination  onormously  reduced  thn  prevalcDet  dj 
variola- 
Coming  now  to  atatiaticfi  in  the  London  Hilla  of  MortaJiiy.  ib«!  snull 
pox  dcHths  in  the  yeur  ISOO  wero  3400,  but  suhsci^ucntly  never  reMM| 
2000,  In  the  ten  years  l771-3^0«  the  deaths  frf>m  smallpox  wm 
20,923  J  in  the  next  Uin  years,  17,687  ;  and  iu  thi;  last  ten  jcnr*  ti  tkn 
century,  18,477.  In  the  tirat  ten  years  of  the  nineteenth  ct-tiUcT 
they  foil  tu  12..'>34,  in  the  second  ten  y*-'ars  to  7858,  and  in  ik 
thini  ten  yisira  to  6950,  though  the  popiUjilion  within  ifae  limiu  <^ 
the  Bills  had  increased  from  746.233  in  1801  to  1,180.292  in  m\. 
The  Bill.^  were  imperfect,  probably  more  so  in  the  later  years  thio  ii 
the  earlier,  hut  they  shew  a  stnkiiig  change  as  repirds  small  pot  m 
London. 

The  best  method  available  for  extractinj^  infonnation  alxiiit  snuU-fus 


Year  iTso 

aoor — 


1760 


i8to 


fSya 


OS 


Year  1750        1760         177a        1780        1790         iSoo        i&io        tfaa         itj*         lAt^ 
Chart  12.  -Diwtb-fmtM  frir  sau-ll-iKrc,  whooplni^conBli,  mA  rnfvalM.  ITWK-IWH 


from   the   London    BilU   is  to   n<»te   the   proportion   which   that 
contributes  to  the  total  deaths  fnim  all  causes.     This^ets  rid  of  tbeilificullj 
alKiut  the  uncertainty  of  jiupulation  at  any  ^ven   perifn],  and  \\at\\ 
perfection  of  records  just  referred  tu  applies  to  all  diseases  as  well 
smallpox.     Chart  12  shews  the  mortality  for  the  ceiiiury  17.iO-lCJ 
and,  for  purposes  of  comparison,  the  death-rates  for  whixtpiiig-coUjEh 
for  measles.     Small-pox  in  prevaeci nation  times,  as  will  lie  Been 
resembled  meaales  and  \vhr)oi)in^'cough  in  being  a  disease  of  chiMl 
The  diagram  fthevs  how  small-pox  fell  and  measles  and  whiKipingn 
rose  in  the  fifty  years  after  the  introduction  of  vaccination  as  cc«ii( 
with  the  previous  fifty  years. 

We  have  seen  that  in  1775,  in  the  town  of  Chester,  93  per  c«nt 
the  popidation  had  had  small-pox  at  some  time  or  other :  and  thsl 
1722.  in  Ware,  J^2  pt^r  rent  of  the  ]>opulation  had  luid  ^mall-pox.    Kc 
VL'ry  few  places  are  there  any  compiirable  stalistiad  data  rrlating  to  tk* 
first  ijtiarter  of  the  nineteenth  century  :  but  in  Cambridge,  with  a  U^ 
population  of   14.142  in   1K21,  the  number  of  {lereuns  who.  u|i  to 
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mnmor  of  lt^26,  had  had  small-iiox  during  the  |>rece4lifig  twcnty-fivo 
eurs  vfjiJi  3560,  or  about  2o  per  cent.  These  figures  do  not  include 
ilacks  prexnoiis  to  1800;  but  the  chihhen  horn  (hiring  the  twonty-fivu 
•e^r*  referred  l«  wore  8112,  and  of  these  only  34'4  per  cent  had  had 
nuU-pox,  including  127  per  cent  by  inoculatiotu 

In  GlaAgow  in  the  ten  years  1791  to  181)0  the  tot^  reconled  emull-pox 
Ittths  were-  3302,  and  in  the  ten  ytyirs  1801-10  they  fell  to  U04.  Dr. 
floKjrt  Walt  of  (-Uisgow,  writing  in  1 H 1 3,  divided  the  thirty  years  1 783  to 
i^lJ  into  five  periods  of  six  yejirs  each,  the  last  two  periods  bcin^  aiibse- 
^UffDt  to  the  introduction  of  vaccination,  which  was  extensirel)*  practised 
in  the  town.  Iii  the  three  pre  vaccination  pei-ioiU  sniall-pox  contributed 
to  the  deaths  from  all  causes  the  following  percentages: — (1)  19*5S,  (2) 
\%'l%  and  (3)  18"0.  In  the  next  two  periotis,  when  vaccination  was 
beiog  larifely  used,  the  contribution  of  sn)all-{>ox  to  deaths  from  all  causes 
fell  to  8-90  and  3*90  per  cent.  The  cases  wei-e  not  isolated,  and  there 
»«  tuperabuiidant  material  to  infect  all  who  were  Busccptible,  but  some 
riAuence  had  interveneil  to  diminish  the  small-pox  death-rates  rapidly  and 
ITcatU'.  The  agency  was  tiot  Ranication,  for  during  the  jtcriods  in  rpies- 
iOn  the  health  conditions  of  Glasgow,  as  shewn  by  contemporary  accounts 
|djiy  the  coun^e  of  other  discarK-s,  went  from  luul  to  wiu'^e. 
jftn  Sweden  the  orticial  figun-s  furnished  to  Sir  John  Simon  began  with 
Se  year  1749.  From  1 776  to  1 800  inclusive  the  average  small  pox  deaths 
er  million  li\-ing  were  211  "e.  In  the  next  twenty-five  yeais,  namely 
601-25  iochisive,  thcv  were  as  follows  for  each  successive  year: — 1801, 
563:  1802,  644  j  1*803,  611;  1804,  C05  ;  1805,  449;  1806,  613; 
(*07.  884;  1808,  757;  1809,  1007;  1810,  347;  1811,  2i>l  ;  1812, 
B7;  1813.  225;  1814.  126;  1815.  191  ;  1816,  277;  1817,  96;  1818, 
20;  1819,63;  1820,55;  1821,  14;  lis22,  4;  1823,15:  1821,226; 
S25,  449.  The  rise  at  the  end  of  this  ])eriod  is  noteworthy  an  indicating 
le  ne«i  for  revacci nation.  The  value  of  primary  vaccination  was  so  fully 
^cognised  in  Sweden  that  it  was  made  compulsory  in  1816,  but  the  need 
If  revftccination  was  not  then  recognised. 

In  Copcnhjigen  smallpox  was  very  prevalent  up  to  1801,  when  it 
iddcnly  declined,  nnd  even  disappeared  entirely,  there  I>eing  no  recorded 
saths  between  1X1  (►and  1824.  Then  it  Ix'gan  to  prevail  again,  levaccina- 
jn  having  becomo  necessary.  The  following  are  the  annual  smallpox 
lAthsin  Copenhagen  from  1791  to  1810  inclusive  :— 297,  1.55,  139,  452, 
tS,  357,  423,  386,  54,  35,  486.  73.  From  1803  to  1810  the  deaths 
sre  respectively — 5,  13,  5,  5,  2.  46,  5,  4.  Then  they  entirely  ceased, 
id  there  were  alwolutely  none  during  the  next  thirteen  years. 

These  6gures  indicate  the  decline  of  smallpox  in  Kurope  after  vaecina- 
m  came  to  be  practised,  and  Ijcfore  th«*  need  for  rcvaccination  In'oainie 
I  appreciable  factor  in  the  case.  Sanitation  has  \wq\\  s[K>ke[i  of,  and  its 
lluencc  will  be  referred  t^»  later,  but  obviously  sanitation  c;»nnot  account 
r  any  such  abrupt  decline  ;  and  we  have  seen  that  th(?  difference  in  the 
uctice  of  smallpox  inocidation  is  e<jualiy  iniidnpnite  sis  an  explanation, 
'e  shall  now  go  on  u>  shew  that  various  other  linos  of  evidence  concur 
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It  irill  )tf.  wAf^X  th^  tb^se  figures  include  deaths  from  chicken-pox, 
J/Mt  ihf.TH  '\h  little  chance  of  a  death  registered  from  chicken-pox  being  due 
Ui  hui:t.\\  Xfitx.  Chicken-pox  resembles  only  much  modified  small-pox,  which 
14  not  a  fatal  diiteaAe.  The  subject  is  fully  discussed  in  my  evidence  be- 
fon:  the  Iv'iyal  Commission  on  Vaccination,  Sixth  Report,  pp.  345-346 
and  .'HM.-jril. 

'Jroiipin^^  the  figures  from  1848  to  1903,  and  stating  them  forage 
p«Ti'»(lM,  we  get  the  following  : — 


England  and  Wales 
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^^K  The  decline  in  the  liiat  period  is  Urgcly  due  to  lowered  fatality  of 
the  disease,  the  epidemic  type  having  in  the  main  been  very  much 
miliier  than  in  the  previous  groups  of  years. 

Vaccination  w;ia  intrcKJuced  in  the  beginning  of  the  nineteenth 
century,  the  Nutional  Vaccine  Estalilishnicnt  was  endowct]  in  1808, 
gmlnitous  vaccination  of  the  poor  was  provided  from  local  rates  in  1840, 
and  tht;  first  ol)ligatory  law-  was  passed  in  1853.  Boanls  of  Guaniians 
were  em]>owcred  to  appoint  vaccination  otlicers  by  the  Act  of  1867,  such 
■i|l>"intments  were  made  compulsory  by  the  Act  of  1871.  i\nd  various 
*lL>iii,'eii  in  tlie  law,  including  the  introduction  of  an  exemption  clause, 
*cre  made  in  the  Act  of  1898.  The  tal'le  shews  how  at  all  ages  small- 
pox has  declined  since  vaccination  began,  and  attention  will  subsequently 
called  to  the  different  rate  of  diminution  at  different  periods  of  life, 
Iwt  certain  special  illustrations  of  the  influence  of  vaccination  will  now 
he  given. 

Small-pox  Attack  Rates  among  the  Vaccinated  and  Unvacclnated. — 

Thtf  tolal  relative  pn)portion*i  of  the  vaccinated  and   unvaccinatcd  in   the 

t'ominiuiitiei«  i.<  sutticiently  known  to  allow  of  a  bro:id  comparison  between 

the  attack-rate  of  the  disciisc  amongst  the  vaccinated  and  unvacciiiatod 

re»[icctivoly.     Small-pox  hospitals  are  open  alike  to  vaccinated  and  un- 

vacillated,  and  hospiud  treatment  of  sniall-pox  is  now  so  general  that  the 

prvportions  of  the  two  classes  adnn'tlcil  10  hospital  may  usef idly  be  coiu pared 

^'idi  their  proportions  in  the  relative  communities.    These  comparisons  arc 

stihject  to  one  iniiwrtant  reservation.      Infantile  vaccination,  as  we  shall 

»ee,  does  not  give  permanent  protection  against  siuall-t>ox  attack,^  and 

^^vaccination  is  so  incompletely  carried  out  in  this  country  that  attack- 

^Les  are  very  much  higher  than  if  it  wwre  practisetl  even  to  the  same 

Uicomplete  extent  as  primary  Naceination. 

Between  1S7.3  and  I88t  Dr.  \V.  Liayton  at  Uomerton  Small-pox 
l}ospit;d  liiul  charge  of  10,403  small-jmx  cases.  Amongst  these  ho  found 
that  the  admissions  under  ten  years  old  were  ^4y.*i,  of  whom  1  IS"  were 
Unvaccinated  and  1306  were  "vaccinated,"  the  latter  term  including  all 
'logrees  of  vaccination  and  even  those  said  to  have  been  vaccinated  but 
vithout  any  marks  of  the  operatioiL  The  unvaccinatcd,  therefore,  were 
'47t>  i»er  cent  of  the  totJil.  At  t'ulbam  Uospit-d  Dr.  8weeting  reported 
lluit  between  the  yeju's  1880  and  ISSTj,  of  370  children  under  ton  IfiS, 
or  45-4  per  cent,  were  unvaccinated.  Tiiese  figures  refer  to  a  time  when 
the  Ijondon  vaccination  default  was  less  than  10  per  cent,  so  that  the 
unvacciiiated  children  yielded  in  proportion  to  their  numbers  five  times 
as  many  Bmall-{Hjx  cases  as  the  vaccinated. 

Hut  one  ho.«ipit,-d  in  Lond<in  had  a  diHerenb  and  exceptional  experience, 
which  is  of  spi^cial  interests  The  "  Loiidon  Sn»all-|X)X  Hospital  "  was 
founded  in  1710,  and  continued  to  exist  after  the  Metropolitan  Asylums 
Board's  hospitals  were  (^tablishcil.  It  was  not  a  rate-supporteil  institu- 
tion, but  received  psiVing  |jatients  from  a  better  class  of  the  community. 

*  It  fcivM  more  proloiigctl  protrction  ajeain^t  dc-ath  by  Miiall-pox  thui  agaliut  attack. 
Ser  p.  7S0. 
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For  many  years  before  its  wards  at  Higligiite  were  cloAed^  ii  acoejptxd 
pittients   under  seven  years  old,  and,  therefore,  excluded  tho  pcrioi} 
life  most  utiiier  tho  influence  of  vaccination.     In  these  circumstiacK 
]»ro])ortion  of  vuccinuted   patients  admitted   to  hospital    was  as  bi|i 
9:<  per  cent,  and  in   1^88-91   every  one  of  fourteen  cases  lulroilted 
been    vaccinated.       This   hospital    therefore   was    the   exception  vbie 
proved  the  rule. 

In  his  report  to  the  Royal   Commission  D])on    LondoD  tmall-j 
outbreaks   in    189-2-93,  Dr.  A.  P.  Luff  stated  that  of   2353  cuei  at  d] 
a^ca  about  which   he  ohtaiiie<J   information   there  were  409  am 
persons,  or   17'3  pi*r  cent.     Under   ten   years  of   age   there   wew 
attacks,  and  of  these  "J  28  were  unvaocinatetl,  or  63"   i»er  cent.    Frai^ 
1872  onwards  the  neglect  of  vaccinatinn  did  not  nearly  amount  to  I' 
per  cent,  much  less  03  per  cent. 

Small  pox  Attack-Rates  amon^t  the  Vaccinated  and  UnvaooiMied 
in  Houses  invaded  by  the  Disease. — Another  illustration  of  thi-  infl  -! 
of  vaccination  in  checking  sni.dl  pox  prevalence  is  to  he  found  i*    i 
data  ascortaineil  as  to  the  nttack-rat«  of  the  disease  on  the  \an;ituir«l 
and  unvaccinated  inmates  of  houses  actually  invaded  by  small-puiL    Tbr 
data  are  recorded  in   the   Iteport  of  the  Royal  Commiuioo.  and  Um;     ! 
constitute    a   control    experiment    which    is    practically   beyond  snou* 
criticism,    and    is,    indcerl,    hardly    open    even    to    fpiibblirt);    wmnitfii 
Inquiries  on  tlie  lines  indicated  were  instituted,   not  merely  in  lom* 
like  Sheffield  where  infantile  viiccitmtion  had  Iwen  well  attended  to,  unii 
wbcE-e  it  might  be  allege'l  that  the  unvaccinated  included  hd  apppMuU^f 
pro]M)rtion  of  sickly  children   certified   unfit  fop  the  operation ;  tbt  ii»^^ 
vestigations  refer  also  to  Uowsbury,  Leicester,  and  Gloucester,  csntrf«yf     , 
anti- vaccination,    nhr-re    the    uuviiccinated    could    not    Iw    reganJe*! 
*'  fjuttlity  OS  well  as  a  quantity  "  excepting  in  this  sense,  that  according 
the  views  of  anti-vacciuists  those  who  declined  vaccination  in  these  toi 
would   bo   a   s^wcially    intelligent    population,   giWug   dun    hre^)    to 
health  of  their  children,  whilst  the  children  iliemselvesL  inusuuch 
they  had   not  i>een  subjected   to  tho   health-destroying  ,Iennen«ti 
would  be  in  an  exceptionally  gootl  position  to  resist  attack  by  small- 
The  vjiccinated  an<l  imvaccinatc<l  inmates  of  the  invaded  houses  were 
other  respects  in  the  same  position  iis  regards  ex[iosurc  to  infcrtma 
ability  to  resist  it.     They  breathed  the  same  air,  ate  the  8amo  foo^i  li^ 
in   the   same  domestic  and  municipid   environment,  attended   the 
schooU,  or  wore  engage<l  in  simihir  oocu|«itions,  and  were  eqiutlly  expi< 
to  infection  from  existence  of  the  disease  m  their  own  dwollinicf. 
solo   difference    was    that    some    were   vaccinated    and    some   wfre 
vaccinated.       In   these  circumst^inces   what   heed  did  small-pox  ptf 
the  vaccinal  condition  of  the  inmates  f     The  answer  is  unetpiivoouL 
Warrington,  of  2o3.')  persons  li\'iiigin  invaded  households  G88  were^ 
ten  years  old.     Of  these  633  were  vaccinated  and  oa  nnvaccitiate<I. 
tho  633   vaccinated,   28   were   attacked,   or   4*4   per  cent.     ^H  the 
uniTiccinated,   30  were  attacked,  nr  Ti\'h  per  cent,     In  iU-vnccinit 
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Ik!u-8bury,  in  544  intadcJ  houses  i*egArdiTig  which  information  was 
•jKt.iiiit'd,  the  numl>er  of  the  vatcinatecl  mitler  ten  yt'ars  olil  was  408, 
sni)  of  ihcAe  4*J  were  attacked,  or  10*2  per  cent,  wliilu  the  tinvnocinatcd 
of  the  same  iigo  utnounted  lo  31 1,  and  of  these  158  were  attncked,  or 
5iVH  per  cent.  In  still  ]ett8  viiocinated  Leicester,  tn  invaded  houses 
rciwitrtiKl  un  by  Dr.  Sidney  CoapUnd,  the  vaccinated  chihl  }>opii]:ition 
WM  78,  with  '1  attacks,  or  2".>  per  c**nt  of  the  total,  while  the  un- 
Tuccinated  child  population  was  283,  with  100  alt-icks,  or  35  3  i)er  cent 
(il  iliR  total.  In  Gloucester,  where  neglect  of  vaccination  was  riotorions 
fur  years  before  smallpox  came  and  left  the  town  the  best  vaccinateil  in 
tke  Biilish  dominions,  information  was  obtained  rpgHTvling  SO'J  invaded 
hotises  out  of  a  total  of  1007.  The  total  vaccinated  population  under 
Iffi  years  oM  in  these  whs  273,  and  the  atiack.s  were  24,  or  S-S  per  cent, 
while  the  total  nnviicciiiated  child  j>opulation  was  1331,  and  the  attacks 
were  617,  or  4G3  per  cent. 

All  these  figures  rffer  to  children  under  ten  years  of  age.  Alfove 
tbtt  age  the  contrast  between  vaccinated  and  unvaocinated  is  not  nearly 
B»  great*  because  the  protective  power  of  vaccination  against  attack  by 
wnaIl.|»ox  hai?  diminit>hed.  and  the  time  for  revaroination  has  come.  Vet 
even  over  ten  years  of  age  primary  vaccination  retains  a  very  apprecijihle 
protective  inHuence  against  attjick  (still  more  so  against  death)  as  will  be 
wt-n  l>y  the  figures  in  the  following  table  : — 


AiUek'Rate  niidttr  T»ii. 

ATbuk'RAbi  QmlVn. 

VftccliMtod. 

UnvAcclitfttMl. 

VtedtMtnl. 

UurMylnatcd. 

lVw>bnr>' 
1  Cloa(!ear«r    . 

P«rr*ut. 

4  4 

lOU 

2-5 

8-8 

I'er  cent 
64 -f. 
50*8 

ass 

4«-3 

INvoml. 
27-7 
.•i2  2 

■■or  cent. 
&7-6 
M-4 
47-6 
MO 

Even  among  persona  over  ten  years  of  age,  therefore,  the  vacciimted 
still  |XMwesfi  a  grejit  advantage  over  the  unvaccinatHd  in  the  matter  of 
resistance  to  small-pox  attack.  The  total  cases  on  which  these  rat«s  are 
based  cannot  l>e  criticised  as  insufficient  to  yield  reliable  reatilts.  In  the 
invaded  houses  enninerated  in  Warrington  the  vaccinated  population  was 
23«7  and  the  unvaccinated  107.  In  Dewsbury  there  were  in  the  invaded 
hoDsefl  231.5  persons  vaccinated  (incltiding  cases  of  alleged  vaccination) 
and  605  unvaccinateil  portions  (including  ihtjse  "under  vaccination  ").  In 
I^eicester  the  similar  figures  were  841  for  the  vaccinated  and  38S  Utv  the 
unvaccinated,  and  in  liloucester  in  the  enumerated  houses  the  vaccinated 
niunbered  338>i  and  the  unvaccinated  1475. 

Other  special  illustrations  of  the  protective  eflect  of  vjuicination  are 
t*^  l)e  found  in  the  experience  of  particular  classes  of  the  population, 
amongst  whom  vaccination  is  specially  practised — such  as  the  poetal 


loe,   the  army  aihI  navy,  and  smull-pux  nurses — but  this  e^vinn 
'comes  in  morp  converiienUy  when  tliscufiRini»  re vaoci nation  {riif^  \\.  7f*7l 

The  Age -Incidence  of  Small  pox. —  Umler  this  heading  some  of  Uii 
most,  importiifit  ovidenoe  is  ffunid  of  the  [Mtwor  of  vaccinauon  U)  pnmat 
small-pox.  Ill  the  history  of  opidcmic  disciisc  there  is  perhaps  uotliiBjt 
more  striking  than  the  renmrkal>le  change  which  has  taken  place  io  lb 
age-incideiico  of  ^mMll-pox.  In  prevaccination  times  smaU-itox  wu  « 
disease  of  chiUlhoo^l  just  as  much  as  whooping-cough  and  mcosks  mn 
and  are.  As  in  wliooping-cougli  and  measles  so  in  smallpox,  -^r^- 
dilTeroncc  no  doubt  existed  in  ;u;e- incidence  as  Iwtween  town  and  ci^i  i. 
communities,  opportunities  for  infection  being  more  frequent  in  the  I'nai^ 
than  in  the  latter,  and  the  ;ige-incidence  being  correspondingly  luuit 
In  country  districts  having  little  trafiic  with  the  outside  world,  (i|> 
portunity  for  infection  might  be  deferred  until  adult  life,  and  in  to 
therefore^  where  population  whs  appreciably  increjised  by  niral 
migration,  amonji;  these  immigrants  there  wonld  oft«n  (»e  .iilull  liws 
smallpox,  and  even  amongst  the  town-born,  sraidl-pox  attack  niiji 
occjisionally  be  deferrH<l  till  late  in  life,  just  as  we  5nd  t<o  be  th?  cur 
nnth  measles,  scarlet  fever,  and  whooping-cough. 

The  earliest  available  statistics  of  age-incidenco  relate  to  the  teura 
Genevji,  and  refer  to  the  limg  |M!riod  of  ISO  ye^irs  from  ITif^O  t/i  IIM. 
The  figures  are  so  remarkable  that  they  are  here  given  in  full,  an<l  anv 
follows : — 


A 


6792  in  age  class 
5416 


Gknkva,  1580-1760 
Smttlf-por-  OmthA  nt  wi-wha  Ageft,  2-'>,349 

Y<«ni. 

0-1  =268  per  oeul  of  ihe  total 
1-2  =  21-4 

4116  „  2  3  =  16'2 

2826  ,.  3-4=111 

1928  „  4-S=    ?•« 

1325  „  5-e»    5*2 

944  „  6-7*    3-7                   „ 

543  „  7-8=    2-6                   „ 

454  „  8-»=    1-8 

345  „  9-10=    1-4 

267  .,  10-15=    1-0                  ., 

141  „  15-20-    0-6 

87  .,  £0-25=    0-3 

48  „  25-30=    0-2                    ,^ 

17  ..  abovD  30^    01 


The  small  pox  deaths  recorded  in  the  above  taltle  amounted  to  a 
of  25,349.     Of  these  26-8  per  c«nt  were  under  one  year  of  age*  and 
per  cent  were  between  one  and  five  years,  whilst  only  2-2  per  cent  cl 
the  total  wei-e  over  ten  years  old. 

In   Kilmarnock  a  register  of  biunals  was  kept  from  1728  f«  1' 
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;lusive,   uiiil   thu  n^^es   ami   cHnses  of  death   nre    Rtated.      The   tol&l 

l-pox  (ie/iths  were  ti'J2,  iind   no  less   than   Of^'S   per  cent  of  these 

undiT  ten   years  old.     Of   the  (i'l'l  there   were   under  one  year 

11^,   U»twocn  one  nnd  two  years    146,   between   two  and   three  years 

136  cAfie«,  lictwecn  three  and  four  years  101,  l»otween  four  and  live  years 

62,  and   l>etweeii   five  and  six  years  23.     In  an  epidemic  in  Cheeter  in 

1774  ihuro  were  202  death.<4,  not  one  of  the  ciises  being  over  ten  years 

«4d  uiul  51  being  less  than  one  year  old.      Without  going  further  into 

dvtAil  as  to  prevacciiiaiion    limes   it  may  be  enough   to  state   that  in  a 

luUit  of  SG,?.*)''!  uniall-jjox  deaths  at  all  ages  occurring  in   Kilmarnock, 

Edinburgh,  \I;inchcstcr,  Warrington,  Chester,  Geneva,  and  the  Hague,  in 

TariouH  prevjiccination  periotls  from   I08O  onwards,  17,252  were  under 

two  years  old.     In  Berlin,  Dr.  Kdwardes  notes  that  in  seventeen  years, 

1758-74,  of  <)705  smaU  jwx  deaths  only  4")  were  over  tiftecn  years  old. 

and  iu  the  Pnissian  county  Weniigerode,  in  1 7y6,  of  81 7  smallpox  deaths 

only  30  were  over  ten  years  oM,  and  only   I  over  Hfteeii  years  old. 

The  reason  why  small-pox  so  rarely  attacked  adults  is  obvious.  At 
*J1  ages  above  childhood  the  population  consisted  practically  of  persona 
*''io  iiarj  been  attacked  by  small-pox,  anti  had  perhaps  been  disfigiu*ed  or 
pornaanently  injured,  but  who  yet  had  been  left  alive  to  enjoy  the 
P'^tection  obuiinw!  at  whatever  cost.  Kven  then  immunity  was  not 
*^"solute,  but  it  was  very  gieat 

Smalt-pox  being  onginally  a  disease  of  childhood,  the  influence  of 

y^Cciiuition  on  ita  age-incidence  in  mrHlem  times  nuist  now  bo  considered. 

*  «iat  inttuenco  is  twofold.     In  the  first  place,  by  reducing  the  numlwr  of 

I*«srBons  susceptible  to  attack  in  any  given  ]>opulation  it  reduces  the  chajice 

^*    small-pox  upidendes  being  estaltUshed,  and  liy  lengthening  the  intervals 

^*^tween  epidenucs  it  mises  thegenenil  a.i:e-iiicidi'nr(!  of  tlu?  disease.    This 

'"^^ult  applies  also  to  the  unvaccinated.     Secondly,  by  rendering  the  once 

^"^^cinated  insusceptible  to  attack  by  small-ixix  for  a  varying  number  of 

^^ars  after  the  [lerformanoe  of  the  operation,  it  raises  the  incidence  of  the 

disease  amongst  those  ultimately  attacked  to  a  much  higher  ninge  of  age© 

^«^an  amongst  the  unvaccinated.      We  therefore  ex|>ect  to  find  in  the  first 

l*Liee  that,  Uiking  the  nation  as  a  whole,  including  the  unvaccinated.  the 

^"^"©-incidcDce  will  be  considembly  higher  than  in  prevacci nation   times  ; 

*«condly,  that  though  under  the  protection  given  to  whole  eomutunities 

■>y  vaccinati<m  even  the  unvatTinat*Ml  are  benefitetl,  yet  there  will  remain 

Hn  obvious  ditlcrencc  l^lween  the  age-ineidenee  of  the  disease  amongst 

Ibem  as  com|i«red  with  the  vaccinate<l  and   revaccinated.     The  following 

tAble,  taken  up  to  1HD4   from   the  Hnyal   Connnissioirs^  lleport,  and  for 

«absequent  years  from  figures  kindly  »upplie<l  to  me  by  I)r.  Tntham  of 

ibe  lleneml  Register  Office,  justitiea  the  lirsi  expectation.      It  shews  for 

saccessivc  c|uinquennia  from  184^  to  11)03  '   the  distribution  into  various 

igoe  of  1 000  small-pox  deaths  at  all  ages- — 

*  Tla>  Inst  [lericwl  cnly  incliiilet  four  yenn. 
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Esfii.AND  AND  Walks 

Dealhs  from  Small-pox  ut  ceiinin  Agr-PervMh  to  1000  D^iths/rmi  .Swd/fB 
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Concerning  thi»  table  it  is  necessary  to  be  i|uito  clejir  on  uim 
It  gives  no  iniHcation  either  of  increase  or  tlecreiise  of  Hmullftox  jitvn-*—  ^ 
The  Kgines  refer  solely  to  the  distribution  among  different  periods  of  l>^^ 
of  every  1000  deaths  from  the  diseai^e  at  all  ages.      In  oven*  line,  ihcf^j 
fore,  the  figure  1000  has  to  be  rcachetl,  and  diminution  of  one  agc-pmi 
must  be  counlorK-ilanced  by  increase  at  another  ag«i-|)enf»d,     Tbo  duel 
in  small  pox  niorudity  since  It*4{<  has  bet'ii  shewn  for  different  tiyi 
in  the  table  at  p.  772. 

The  earliest  {tenod  of  yeiu'B  in  tlie  present  table,  imniely  IKitt-dl, 
was  not  under  the  influence  of  tho  Vaetination  Act  of  1853.  Before 
1853  tliere  had  been  much  vaccination,  but  the  average  a^e  at  which  Uw 
operation  whh  {>erfonned  would  Iw  much  higher  than  after  the  piunge  u( 
the  obligatory  Act,  tbongh,  from  the  want  of  any  anfticient  machmrry 
for  its  administniLion,  that  Act  left  much  to  bo  desired.  In  the  jetri 
194)^-54,  of  1000  deaths  from  8mHl]-[H>x,  the  number  under  6ve  jrenrs  old 
waa  677,  oji  contr-aatcd  with  the  H3 1  in  the  Geneva  table  at  p.  776.  Thiu. 
a  very  pt-rceptible  ilifference  bad  alreiuly  occunwi.  I'nder  the  infloeticc 
of  the  BiicccHrtive  Acts  nf  ISHS,  1>*67,  ami  IS7I  the  varcinaiion  of 
infants  was  more  and  more  attcnrlefl  to,  and  the  table  shfws  that  ihr 
proportiim  of  small-[>o.x  attacks  under  five  years  of  age  sleailily  dimiiiisbpii 
up  to  I.S8U.  Then  a  curious  ])bonomeuon  becomes  observable.  In  ibf 
decade  1890-99  there  is  a  definite  rise  in  the  proportion  of  icmaU-pox 
Itorne  by  children  under  five  and  t<tn  years  old,  and  in  1900-1903  it 
occurs  in  the  agc-poriod  10  15  ycjirs.  This  rise  is  only  what  niiglit 
have  been  expected  in  presence  of  increasing  neglect  of  infjotiln  vocrins 
tion  prior  In  the  jHUSding  of  the  Vaccination  Act  of  18VS.  L'uder  thai 
Act  infantile  vaccination  has  again  increased,  and  infiuitilc  shaiv  of 
Rmall  pox  has  a.ifain  diniinibhe<l. 

Smallpox  Ag'e-Incidence  In  the  Vaccinated  and  Unvacelnaied. — A» 
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\y  explained,  the  table  on  p.  778,  shewing  alt«ration  of  age-incidence, 
lea  both  vaocinatod  and  iinvaocinutcd.  It  is  neccssar)'  now  to  see 
hat  are  the  facte  regarding  the  vacxinutcd  as  disiingnishcd  from  tht* 
Mccinnted.  In  the  LochI  Lruvernment  Boards  Kef>ort  for  1684  Home 
^es  were  given  with  regard  to  London  in  that  year,  and  jia  they  can 
Irlora  be  similar])-  obtained  tJ)t'y  should  be  noted.  At  that  time,  of 
f)Oii  deaths  from  6nKill-{K>x  among  the  vaccinated  and  unvaccinatcd 
wntly,  343  were  nndcr  ten  yfyin*  ol<I.  But  in  I(K)0  unvaccinatetl  thr 
nmher  under  ten  years  was  612,  whilst  among  iOUd  vaccinated  it  was 
nly  8fi.  The  61li,  jis  eonlrasteti  with  the  (ieneva  961  and  the 
jlmamock  J»88  of  prevaoci nation  times,  indicates  roughly  the  benefit 
'hich  the  nn\-accinat«d  Imd  received  from  the  practice  of  vaccination. 
*b6  Hgtire  8G,  as  contraRied  with  088  and  9HI,  indicates  the  boon 
[inferred  on  the  vaccinatefl  by  their  ijci-sonal  prot<'ction.  \\iu\  all 
ie  population  been  vaccinated  in  the  first  months  of  life  the  figure 
wid  have  !>een  even  lower  than  86,  as  thost^  rtf  the  vaccinated  whose 
•luceptibility  to  attack  had  already  diminished  would  have  had  less 
tportnnity  of  receiving  infection  if  they  had  been  living  in  the  midst  of 
entirely  vacrcinated  [Kipnlation. 

Agre-Inddence  in  Certain  Epidemics. — The  distinction  may  be 
eiQplifiixl  in  a  different  fashion ;  the  material  for  this  w»s  well 
ought  out  by  the  Royal  Commis.sion  on  \'accination.  Epidemics 
earring  in  six   populations,  difioi-inp  greatly  ^rith  reganl  to  vaccina- 

I  default,  were  investigated  by  them.  In  Warrington  and  Sheffield 
lefaidt  in  antecedent  years  had  been  very  slight,  and  the  percentages 
iiaX  small-pox  borne  by  children  under  ten  years  of  age  in  tlie^e 
towns  were  22*r>  and  250  respectively.  In  London  in  the  years 
83  to  ism  vaccination  dcfiuitt  had  been  greater,  amounting  to 
»ut  10  [»er  cent.  In  l<ondon,  accordingly,  children  under  ten  years 
I  bore  a  higher  proportion  of  the  total  smallpox,  namely,  36*8  i>er 
It.  In  Dcwsbury,  from  l8t'3-92  the  Viiccination  default  wns  323 
r  cent,  and  when  small  pox  stnuk  the  town  the  children  under  ten 
i8tituti'<]  51  8  i>er  cent  of  the  totid  cases.  In  Gloucester  anti- 
xrination  had  iK'come  increasingly  and  remark.-ibly  jxipnlar  in  thu 
I  years  preceding  the  epidemic.  The  defanlt  had  grown  from  10(J  in 
85  to  not  loss  than  851  in  1894.  Then  the  epidemic  came,  and 
!  children  under  ten  bore  04*5  per  cent  of  the  total  attacks  in  the 
vn.  In  I^eicester  the  default  had  not  climbed  so  high  as  85*1  per 
It,  but  it  had  been  steadier  than  in  Gloncester,  so  that  from  43-8  i»er 
It  in  1883  it  had  reached  80'1  percent  in  1892,  and  in  that  town 
s  children  bore  7 1-4  per  cent  of  the  toud  outbreak.' 

Still  another  illustration  of  the  mamior  in  which  age-incj»lunce  is 
luenced  by  vaccinal  condition  is  to  l>c  found  in  statistics  of  small  |>ox 
lOngst  infanta.  In  Scotbind,  wherft  the  Compnlsory  Vaccination  Act 
tee  from  the  year  1803,  the  compulsory  age  is  six  months.     The  first 

luctiiig  tbre«  deaths  wbirh  occurrtnt  aihouk  i^bililrru  in  »  fcarlvt  Ikxcv  want  tlirudgh 
lo  the  ftQinll-pox  lioKpiuL,  tlitf  pitn»ortioii  U-ft  i*  ««*«  ytr  cent,  not  71*1. 


haU-year  of  life,  therefore,  \»  the  period  which  is  not  under  tlie  luflneiMi 
of  the  Act.  In  the  nine  y«urs,  1855-l8C:t,  prior  to  the  Vftcciiiatioo  An 
children  under  six  months  uM  had  Amongst  them  l.tOdciiths  ontofrrrr 
1000  occiUTingat  all  ages.  In  thcye»rs  1804-1  SH",  thul  is  ihr  iwcatrinor 
years  subsequent  to  the  [Missing  nf  the  Act,  children  under  eax  nratithxikl 
i*tiU  bore  138  of  every  1000  smnll-pox  deaths.  The  Act  hnd  jraclioDy 
no  effect  on  them.  The  second  hiilf-yeju-  uf  life  is  the  first  a^^period 
under  the  infliicnccof  thn  Inw  of  1S03.  In  the  nine  yean  prior  to  th«  Ad 
thoy  hnd  l>orne  153  of  ovcmv  1000  sm.iil  pox  de-aths,  and  in  the  twrnty-faw 
yeai-s  au!)sei|uent  to  it  their  share  wna  only  47.  These  Hgures  nrt  oipable 
of  no  other  intorpretatinn  than  that  vaccination  made  the  dilT«reiioe.  !i 
the  first  quinquennium  of  life  in  the  nine  yeiir^  1865-1873,  there  ve» 
413  of  every  1000  smallpox  deaths,  while  in  the  twenty-four  ycoi 
1864-1887,  there  ivcre  only  137.  The  total  actiud  small-p«jx  deatii 
occurrinjL;  in  these  two  perio<^  were  in  the  nine  prior  years  f<807,  uAa 
the  iwenty-fonr  sulwequcnt  years  9240.^  The  totals,  therefore,  in 
sufticientiy  large  to  make  the  conclusions  statistically  rol  table. 

Vet  another  instance  of   the  same    truth  may   be   mentionMt.    U 
<  Jermany  the  compulsory  vaccination  age  is  in  the  second  yeiir  of  li'*"' 
so  that  the  first  two  years  miiy  be  taken  for  the  control  experiment  hvi^ 
And  as  recorded   by    Or.  Sweeting,  the   returns  of  the    Imfierial  Hwill*^ 
Office  show  ihttt  in  the  five  years  1886  1890,  of  735  small  fmx  doatht**^ 
all  ages,  301,  or  41  per  cent,  were  under  two  yeai-s  old-     In  the  swiif  Kv"' 
years  in  Rutland  and  Wales,  in  1846  deaths  from  fim;dl-{iox  at  all  age 
219  were  under  one  year  old  and  43  between  one  and  two  yttan,  ao  tlu; 
the  percentage  under  two  years  w;ts  unly  1419.     In  view  of  statistics  lik^" 
these,  no  other  exptanutiun  of  the  altt'rerl  age-incidence  of  ainaU-|iox  n 
feasible  than  thiit  its  cause  is  to  l>e  found  in  vaccination. 

Fatality  of  Smallpox. — Long  after  infantile  vaccination  has  cttued 
to  give  nbiiolute  protection  against  attack  by  small-|Kix,  it  txintuiues  !• 
give  a  large  degree  of  protection  against  death  by  sniall-pox.  It  has  a 
nnxlifying  ns  well  as  a  preventive  inMuence.  To  prove  this  it  ia  aooeemy 
til  :-cfer  to  the  nise-mortality  of  small-pox  in  it.s  relation  to  ^naccinatioa. 
As  with  regiufl  to  age  incidence,  so  with  reganl  to  ras<sroort«litT,  it 
would  be  most  inifKntant  t<i  ascertain  the  facts  for  prevaerinatJon  Umoi. 
Unfortuuately  this  appears  to  Iw  pmctically  imfjossiblc.  lliu  (ataJity 
of  natural  small  pox  is  very  high  in  the  first  years  of  lifci»  and  iliiiimw 
quickly  until  its  minimum  is  reached  in  the  agc-|)eriod  of  10-15  y«ai^ 
after  which  it  rises  again.  Xn  statement  of  cjise  nmrtality  for  may 
I»articular  smallpox  outbreak  is  therefore  of  much  value  unless  the  rngt- 
incidertee  of  the  tlisease  in  that  particular  outbrc>ak  is  known,  and  it 
happens  that,  so  far,  hardly  any  statistics  have  come  to  Ugbt  pviog 
information  on  Imth  point^s. 

Some  figures  exist  for  the  village  of  Aynho  in  Northamptonsliirr, 
atid  for  the  various  agept'ritKls  there  the  wise-raortalily  fHiito  coincidei 
with  what  is  often  ex(>erienccti  among  the  nnvarciimtiHl   in   ihf   prr'<Tit 

'    Kruut  tilt*  n^nre  00  sliuulii  be  Ueilactnt  for  vhieken>'|Mut. 


%'ACCiNATlON  AS  A  BRANCH  OF  PkEVENTiVK  AtEpiCfNE      ^%x 


Uy,  namely,  a  high  moi-CAlity  at  the  eai-licst  ftjijcs,  a  low  luortality  in 
ronth,  ami  a  high  fatality  in  Inter  life.  But  the  total  cases  at  Aynho 
■ere  only  1'52.  ami  the  a^e-<lifitrilmtinn  is  so  peculiHr  in  respect  of  the 
irery  sniall  numljcr  under  five  years  and  the  entire  absence  of  nises  nmier 
t»o  years,  that  Aynho  cannot  lie  relied  on  for  an\'  general  conulusionii. 
Dr.  Jurin,  then  Secretary  to  the  Koyal  Society,  collected  some  statiatics 
relating  to  certain  towns  in  Yorkshire  in  certain  year's  hetweon  17*20 
And  I7'iO,  and  the  fatality  rate  given  is  about  l'»*5  [jer  cent;  but 
uuforlunately  the  agOH  are  not  atatcd,  and  there  i»,  in  my  opinion, 
ninth  reason  to  doubt  whether  small-pox  deaths  occurring  in  the  Hrst 
two  years  of  life  aie  included.  Hernonilli  stated  that  in  young  children 
ooe-thinl  died  (Edwardea).  It  is  obvious,  however,  that  in  prevaccina- 
tion  times  smallpox  varie<i  greatly  in  severity  of  typv.  Dr.  Wagataffo 
■nte  tliat  there  is  a  kind  of  ^mall  pox  which  a  doctor  cannot  cure  and 
|bthcr  kind  which  a  nurse  cannot  kill.  Not  only  did  the  fat^dity  vary 
M  between  cafle  and  cjise  but  also  as  between  ei)idemic  and  epidemic. 
There  is  evidence  that  the  deaths  were  occasionally  as  few  as  I  in 
-fO,  »nd  sometimes  as  many  as  I  in  i%  or  2  in  5.  In  the  London 
Sniall-pox  Hospital  in  1746-63  the  fatality-rate  wns  25'3  per  cent,  and  in 
the  list  twenty-five  years  of  the  eighteenth  century  it  was  32  per  cent, 
fV.  Ed  ward  OS  notes  that  in  1781  there  wore  in  the  hospital  257  death.s  in 
»-t6  eases,  or  40  per  ceuL  The  records  of  the  Danish  Government  state 
Hat  in  Iceland  in  I7*'7,  in  a  ])opnlatinii  iif  almiit  Ho.iHMt,  there  were 
8,000  dejiths.  This  is  prolmbly  an  example  of  an  outbreak  in  a 
onununity  which  had  been  for  many  years  unviaitod  by  the  disease,  and 
v«n  if  we  take  the  almost  imj>oesibIe  view  that  every  individual  was 
ttacked  in  1707.  the  fatjUity-rale  in  the  population  of  50,0(i0  wtndd  l»e 
6  |icr  cent,  l>ut  it  is  practically  certain  to  have  boon  considerably 
igher. 

Perhaps,  however,  the  faUility-rate  of  natui-al  siuull-pox  in  the  unpro- 
ected  in  the  eight<;cntb  century  may  have  l>cen  lower  than  in  the 
.inet«enth.  Looking  to  the  ravages  of  the  disc^ise  in  jirevaccination 
imos,  it  is  reasonable  t^i  anpiwse  that  a  very  largo  proportion  of  the 
Kipulation  of  the  eighteenth  century  must  have  been  the  des<:endants  of 
hose  who  had  beeti  able  to  resist  death  by  small-pox.  Hut  protection 
)y  variulatiun  in  the  second  half  of  the  eighteenth  century,  and  by 
raccination  in  the  nineteenth,  must  have  preserved  from  fatal  small  pox  a 
arge  part  of  the  specially  susceptible  p*jpulation  of  these  times,  whose 
>frapnng  might  inherit  their  susceptibility,  and  when  small -[K)x  did 
•etum  after  long  intervals,  the  unprntet^-ted  population  might  manifest  a 
^eafcer  average  liability  t<j  dojith  than  liefore.  This,  however,  is  very 
(peculative,  and  the  fact  remains  that  we  can  miike  no  tusefid  comjuirison 
>f  the  fatidity-nite  of  small-pox  in  the  eighteenth  century  with  that  of  the 
mvacciiiated  in  the  nineteenth  century,  so  we  are  now  pmotically  enti- 
ty   compjiriaons   between  the   fatality  of   the  disease  among   the 

sinated  and  un  vaccinated  in  modern  epitiemics. 

[As  in  the  eighteenth  centur}'  so  in  the  nineteenth,  and  already  in  the 
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tvontieth  the  type  of  smallpox  has  differed  in  different  epidemia  li 
the  iviiidemic  of  1S70-74  it  was  severe,  and  the  falality-rale  »ii5  ki^h 
Within  the  lust  decode,  on  the  contrary,  there  has  )>ee:i  in  Amena, 
Trinidad,  and  elsewhere,  a  remarkably  mild  tyjie  of  »m all  pox,  ainl  in  w 
own  country  .sume  appruach  to  that  type  has  now  l^een  manife&teii  Tbe 
American  outbreak,  indeed,  brings  to  mind  a  "sport"  of  smallpox  wivk 
existed  in  Olouceatershirc  in  17S9,  and  was  much  studied  by  Jenneniri 
one  of  the  mfdicjil  societies  of  which  lie  wjis  an  active  memlM-r.  <lfnwr 
had  not  yet  begun  vaccination,  and  he  discussed  the  t|ue.stion  whrtbTi^ 
much  modified  Bmall-pox  of  the  then  existing  epidemic  miglil  nvl  hr 
used  as  a  source  of  future  sninll-]iox  inoculation,  so  as  to  set  up  m  etea 
milder  disease  than  resulted  from  inoculation  according  to  the  methoili 
which  \\\v\  licen  iiitnxliice<l  by  the  Sutton!^,  Dimsdale,  and  othen^  fM 
Adtims  of  the  London  Smallpox  Hospiiid  in  the  year  lJ^06  repofted 
on  a  similar  mild  variolous  disease  which  at  that  time  was  known  Wtbe 
name  of  ]»earl-pox. 

Leaving  those  ifuestions  and  coming   now   to   tlie   acioertamcd  iwH 
regarding  the  fatality  of  smallpox  in   the  vaccinated  and  untaccinawi 
the  st^ttisliual   material   is   superabundant^      At   the   London  Stniill-p"^ 
Hospital  in  nearly   tJOOO  cases,  in    l>*.'i8  to   ISO'*,  as  recorded  hv  Mi 
Marson,  the  fatality  amongst  the  unvaccinated  was  35  ."i  jjor  cent,  jm    ' 
the  vaccinated  87  per  cent.      Dr.  \V.  Uayton  in  his  dijjeat  of  over  1"    ■ 
eases  treated   b}'   him   in  the  metropolitan  hospitals  found  that  amon^ 
:!169  unvaccinated  persons  there  were  938  deaths^  or  43  per  cent,  «» 
among  H2'H  vaccinate*!  persons,  including  all  doulitful  cafiua.  liiew  we^*^ 
Hrt9   deaths,   or   lo-j  per  cent.      In   Fnlham   HospitiU   in   18v80-8r>,  l>r^ 
Swoeti»ig  fountl  that  in  ."JJS  unvaccinated  cfisea  there  were  1G5  deathft, 
46  i>or  cunt,  and  that  in  *J2*26  vaccinated  cases,  inchiding  even  thoM 
were  only  said   to   W^   vaccinated   but   bore   no  marks,  there   were  2<J 
deaths,  or  1 1*4  per  cent.     In  the  hospitals  of  the  Metropolitan  Afiyhims 
Board  in  1901-2  there  were  treatc<l  i)6oft  cases  of  smallpox,  with  1629 
deaths.     Among  fj'J4.'i  vaccinated  cases,  including  all  degree*  of  %*a{*cma- 
tion  and  all  ages  of  jxitients.  there  wore  70.~>  deaths,  or  1 15  percent.     In 
2278  unvaccinated   cases  there  wore  753  deaths,  or  33'1   per  cent-     Tlie 
"doubtful  "  cases  were  430  with   171   deaths,  luid   thi^se   may  \\e  added 
either  to  ^"•iccinated  or  unvaccinated  without  seriously  altering  the  fatalitj* 
rates.       In    BeKiderc    Hospital,   Glasgow,    in    1900-1    there    w^^pe   123 
unvaccinated  cases  with  63  deaths,  or  51  'ft  per  cent,  and  1 688  vacctnat«d, 
incbiding  jUI  doubtful  cases,  with  I7S  deaths,  or  104  [wr  cent.     W»it.  it 
has  already  been  [jointed  out  that,  in  the  matter  of  smallpox  f  '  ■• 

ages  of  the  attacked  must  be  noted.     Dinding  l>r.  Oayton's  toi  -4 

accor<]ing  to  (heir  :igcH,  and  still  retaining  in  the  vnccinaterl  rlasM  all  who 
were  alleged  to  have  been  vaccinated,  or  who  luul  any  marks  of  Tnccin*- 
tion  no  matter  how  trivial,  the  following  were  the  comparative  mtcs  nf 
the  vaccinated  and  the  unvaccinated  : — 
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Vacciiiatdl,  including  good  nurkH, 

.^•'^ 

UiivBCcinatwl. 

iinp»«rfect  iimrkH,  and  all 
allied  to  be  vaccinated  bat  with- 
out any  evidence  of  Yncctiiation. 

Per  (Jent. 

Per  Ont. 

0-2 

66 

20-7 

2-5 

50 

18-4 

5-10 

35 

7*3 

10-15 

%^ 

4-9 

15-20 

42 

8-4 

20-25 

48 

n-9 

25-30 

53 

15-2 

30-40 

41 

17-4 

40-50 

43 

20-0 

50  aud  upward 

43 

27-5 

In  the  Metropolitan  Asylums  Board  hospitals  in  1901-2,  for  which  the 
aJI-age  figures  are  given  above,  there  were  1 34  attacks  among  vaccinated 
persons  under  ten  yeare  old,  and  only  2  of  these  died,  or  1  5  per  cent. 
Amongst  the  unvaccinated,  the  cases  under  ten  years  old  were  1274,  and 
the  deaths  442,  or  347  per  cent. 

The  figures  already  given  for  Belvidere  Hospital,  when  divided 
according  to  ages,  are  as  stated  in  the  following  table,  in  M'hich  once  more 
»il  "doubtful"  cases  are  included  among  the  vaccinated  : — 


Glasgow  Epidemic,  1900-1901 

Small-pox  FataliUf-Rate,  at  different  Aife-Parioth,  in  Oi€  Uiu^accinated  as 
c<mipared  with  the  Vaccinated  (inchuiing  all  "  dimht/ul "  cases) 


Aps. 

Un  vaccinate 

1. 

Mortality. 
P.-rOnt. 

Vf(cciu!tte*i, 

CaMH. 

Uf^thH. 

CatwH. 

Dt-atliH. 

Mortiility. 

Per  Ci-nt. 

0-5 

54 

36 

66-6 

6 

1 

16-6 

5-10 

12 

2 

16-6 

33 

10-15 

14 

4 

28-6 

it5 

2 

2-1 

15-20 

6 

2 

33-3 

133 

1 

0-7 

20^25 

6 

4 

66-6 

257 

14 

5-4 

25-35 

11 

5 

45-5 

639 

51 

-•9 

35-45 

12 

4 

33-3 

353 

57 

16-1 

46-55 

7 

6 

85  ■; 

124 

30 

24-2 

55-65 

... 

33 

14 

42-4 

65  anil  over 

... 

15 

5 

33-3 
10-4 

All  ages 

122 

63 

-.1  6 

lfi88 

175 

Coming  next  to  the  epidemics  investigated  on  behalf  of  the  Koyal 
Commission,  similar  information  is  contitined  in  the  Final  Keport.  In 
London,  in  1892-93,  1 10  vaccinated  cliiJdren  under  ten  years  of  age  were 


attackcfl  hy  small-pox  and  none  rliod.  If  to  these  l>e  added  JO  ol 
''doubtful"  class  wUh  6  deaths,  the  pcrc*;ntAge  l»ecomM  4C  0( 
siniiliir  A'^e  22a  uii vaccinated  were  atticked  and  61  died,  or  '^f^' 
cent.  Of  the  vacciiiuU'd  over  ten  year^  old  lt)43  were  attnckM  Ami  3| 
died,  or  23  percent.  If  all  "doubtful"  cases  be  a<lded  to  thrv:, 
attacks  iMicome  1814  with  77  deaths,  or  4*2  per  cent,  whilst  itOKjag  Idl 
unvaccinatod  38  died,  or  20*9  per  cent.  In  the  Dowsbnry  epkloaii* 
1  Ml*  I -92,  of  44  vaccinated  children  under  ton  I  died,  or  2-2  pet 
and  of  174  unvaccin;ited  children  56  died,  or  '^2'\  per  cent  Otw 
yuara  old,  of  577  vaccinated  porsrvns  15  died,  or  2*6  per  ccnU  U 
these  )»e  a4iUe<l  24  persons  allegeil  to  be  vaecinatwl  of  whom  2  dioi. 
figures  become  601  attacks  witli  17  deaths,  or  2'8  f>er  cent,  whilst  nf  U 
unvaecinated  ^^6  died,  or  18*7  per  cent.  The  nuvaccinated  here  incb 
those  described  tis  "under  ^'ivcci tuition,"  and  their  inclusion  rati 
the  ftitalityrate.  In  the  Warrington  outbreak,  of  3S  vaccinated 
under  ten,  2  die<l,  or  C  per  cent,  jind  of  32  unvaceinaLe<l  12 
;i7*5  per  cent.  Of  560  vaccinated  persons  over  ten  years  old  36  died,j 
6'4  per  cent,  and  of  36  nnviicciiiat*M:l  persons  12  died,  or  33'.3  per 
In  the  Iiciceator  epidemic  of  1892-1)3,  2  vaccinatwl  children  imder 
were  attacked  and  both  recovered.  ()f  unvaecinated  children  107 
attacked  and  15  died,  or  14  percent;  of  vaccinated  persons  over 
197  were  attacked  and  2  died,  or  10  per  cent,  and  of  the  unvaccit 
51  were  attacketi  Ji?id  4  died,  or  7  "8  per  cent.  In  the  Gloucester  rpitif 
26  vaccinated  children  unrler  ten  years  old  were  attacked  and  1  di«V 
3*8  per  cent,  whilst  680  unvaecinated  children  were  attacked  and  279|| 
4 1  per  cent,  died.  Of  vaccinated  persons  over  ten  years  old  1 1 85 
attacked  and  119  flie<l,  or  lu  per  cent,  and  of  the  unvaccinate<l  of  similAr 
aj;e  88  were  attacked  and  35  died,  or  397  per  cent 

Taking  the  six  towns  referred   to  in  the  Royal  Commission's  'Kt^ 
the  total  nnnibcr  of  children  attiu-ked   under  ten  yejii-s  old  wnn  - 
whom  539  died,  or  261  (ler  cent.     Of  this  total  1449  were  reco;  . 
unvaecinated,  of  whom  523  died,  or  36  per  cent.     The  remainrlor. 
sisting  of  the  vaccinated,  amounted  tu  589,  with  16  deaths,  or  2 
cent     Over  ten  yeai-s  of  age  the  total  attacks  were  9001.  with  744  il< 
or  8*2  per  cent     Of  these   870  are  classed  ns  unvaecinated.  with 
deaths  or  34 '3  per  cent,  leaving   for  the  vacciniLted   8138  attjicks 
445  deaths  or  5*4  per  cent 

It  will  be  seen  throughout  those  figures  thai   the  ditferenee  in 
fatality-rate  is  much  gi'eater  between  the  vaccinatiHl  and  the  iinvaceii 
under  ten  years  of  age  than  over  that  age.      The  explanation  i*  oh 
Over  that  age  vaccination  liad  loi*t  more  or  less  of  its  protectivr  jmwi 

SufUclent  and  Insufficient  Vaccination. — The  degree  uf 
conferred  by  \accinatioii  oorrespomls  in  great  measure  to  the  tl 
neits  with  which  the  ojteration  has  l>ecn  |iorformed.     Htati^lics  in  suj 
of  this  projKisition  are  well  known.     Mr.  Mai-son  of  the  London 
|)ox   Hospitjd  was  the  first  to  deal   in  detail  with   the  stibjfrt,  aw 
figures  led  to  conclusions  which  have  since  his  time  been  ct^nfii 
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Boneiderable  epidemic  of  small-pox.  His  resulu  were  placed  before 
ya]  Commission  in  a  table  handed  in  by  Sir  KichiU-d  Thome.  The 
«a  follows : — 


of  BnuUI-pnt  (•IwdtlM  arvordtnu  to 
VMclnatJiin  invkn  Tioroft  by  eaco 


in  <.'«cli  (.'lut  n"«|irt.'Livcly,    111  o»cli  Cliw  reumMitively, 
iuicwmrrt*nl.i  correct«l.* 


ted   to  h*ve  bt'cn  vacciiialnd, 

f  hftving  no  cicatrix 
faviDg  oue  vauctnu  uiualrU 
liring  iwo  vkccino  ciciitricrs 
jkvtng  t)irt)«  VHcciiie  cicatricwf    . 

i Dg     lour    or    more    vaccine 

ktricca 


ISSft^l. 


1U2^. 


ar.-6 


40*;} 


etutml 


37-5 


35-7 


21 


S&'5 


lfl&S-«7. 


39-4 


31-9 


caKVs  on  which  lbe«e  figures  were  )>iiaed  were  3094  in  the  period 
b  18.M,  iiud  10,(561  in  the  pt^riod  1852  to  i8Gi. 
k  Gayton's  complete  Uible,  wiiicb  has  ulroady  been  referred  to,  is  as 


Vacctnaud. 
Goodaiulu. 

VacciuAtod. 
mpecfwt  Mulu. 

"Viir«iii«l«d,"  tiuL 

110  HviilHDrw 

uf  VBrcitutlnti 

N'ot  VaoeiuaUxl. 

■ 

1 

1 

i 

1 

1 

1 

1  i 

0 

I 

1 

1 

1 

t 

0 

0 

32 

S 

9 

32 

9 

41 

276 

181 

66 

67 

0 

0 

IfiO 

18 

12 

9ti 

38 

40 

401 

202 

60 

\ 

206 

2 

I 

532 

27 

.1 

207 

40 

19 

MO 

180 

36 

\ 

43f) 

5 

1 

039 

32 

3 

214 

42 

20 

317 

74 

23 

1 

eofl 

12 

2 

1037 

66 

6 

20I> 

39 

19 

204 

80 

42 

\ 

389 

U 

3 

843 

100 

13 

167 

56 

34 

174 

83 

46 

\ 

189 

12 

fl 

im 

80 

15 

116 

35 

30 

105 

60 

63 

•40 

M7 

14 

10 

520 

78 

Ifi 

137 

49 

86 

103 

42 

41 

^ 

29 

4 

H 

180 

38 

18 

8G 

24 

28 

49 

21 

43 

4- 

19 

2 

11 

80 

18 

23i 

46 

20 

43 

30 

13 

43 

^.  ;  20SB 

62  1     S 

4BM 

455 

9 

129& 

362 

27 

2169 

938 

43 

A  Glasgow,  for  the  epidemic  of  1871-72,  Dr.  Russell  illtistrated  the 
'uth  iu  ;*  (liiigrammatic  form,  which  has  often  since  then  been  used 
exhibition  of  similar  facts.     The  chart  is  reproduced  here  : — 

lcnii<«  Mncorrfc/rt/  ftu<l  oorreeUd  an  ^isod  to  sigulfy  the  htr.lunon  «ir  uxi'Idhuui  of 
•i»vf.  of  fltnnU-pox  in  whk-h  the  patient  siilTerect  hviu  ■ome  other  JiMoue  auper- 
thv  ^nioll-iioTi. 
II. — PT.  1  3k 
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Thti  reporters  to  the  lioyol  Comxniasion  give  similiu*  facta  reUtingtB 
the  epidemics  in  tbo  vaiious  towns.  Apart-  from  Mr.  Maj-son'K  ciuei,tbc 
total  niiiul>er  analysed  by  the  Commisaion  is  6839,  and,  dividiug  tbMC 


O' 

'S 

> 

3V 

rw 

/^/9  Ye/wz 

^ 

N 

:k 

1 

1 

jx 

1 

XTX 

§ 

V 

V 

Xp< 

V 

X 

X 

kR 

V 

X 

V 

m^<z<>i<>:^ 

x 

X 

m<^^^^ 

^O-^Ye^Hs 


do-S^y^a 


u I!__I 


T 

^ 

1                        ^  ^ 

1                      X  X  X 

5^  xx 

-i.;Pii 

^ 


~T\J  y  v''  "^ 


M  j^.r.  «"^  r 


t:/- 


— ^,- 


1 

~ 

vvv 

?uJ>^ 

►5i©0 

- 

o 

^ 

►I" 

A 

ggigr     T- 

X 

g 

iSuT4       i 

R/fHc  Eruption  U      Copious  Erupt ioh  S      CoNFLuenr   Irup  tioh 

C8ART  IS.-Thft  litrKx  ih]U«n«  contain  100  HnndU-r  oiim.  to  thai  Uih  ^-anrtlm  of  th« 
it  |WFrp«tnUK»^.     ("V.M."  nwwna  rued 


n^f«)H>iit  |WFrp«tnU|f»^.     ("V.M."  nw«n«  <nu*c|nRttna  mark*.     Th«  th»ck*r  blBrk-«»4 


into  classes  according   to  the  number  of  marks,  tho  following  is  Um 
result: — 

1  mark,    1357  cases,  «*ith    86  deaths,  or  6'3  per  c«At 

2  raa^k^  1971      „        „     116       „  58       ,. 


1997 
IfiN 


76 
34 


3-7 


In  Belvidere  Hospital,  Glasgow,  in  1900-1901,  there 
following  smallpox  oases  : — 


tiYjftted  the 


'  Thin  ttu^rsm  is  n<pr(>dttc«<l  ft«ni  PnUic  RtaW*  AdtninitArTtJtic'n  »/  Wa^^^  ■ 
volume  of  Dr.  RuBStfll'H  writing.  190!i. 
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blMxuiftUon  Sean. 

ToUlCun. 

CDofliWDt  and  BmumlMcto. 

Ooatli*. 

■  Three 
J  Foor 

74 

177  or  20     i>or  cent 
83  ..  14-1        „ 
13  „  138        ., 
9  M  12-2         „ 

101  or  11  "I  |Mjrooiit 
44  ..    7-3     ■  „ 
4  „    4a       .. 

2  M    -^-B       ., 

Very  fully  elaboraUnl  statidlio«,  icaching  an  essentiiilly  similar  lesson, 
ire  given  in  a  sories  of  tables  in  the  Metropolitan  Asylums  Board's  Report 
lor  1902. 

Similar  results  are  obtained  on  the  basis  of  measnrement  of  area  of 

puricB  instead  of  number  of  marks,  but  it  ia  obvious  that  figures  with 

to  numlnr  also  bi*oadly  include  area.     The  standard  reiiuired  from 

tbiic  vaccinators  by  the  Local  Government  Board  is  a  total  area  of  not 

than  one  half  of  a  square  inch.     A  curious  criticism  has  lately  been 

M*ith  regani  to  facta* like  these.      It  has  l»een  lield  by  one  or  two 

latable  authorities  that  exceptional  susceptibility  to  the  local  effect*  of 

ition  may  be  conjoined  with  exceptional  susceptibility  to  small-pox. 

suggestion  has,  therefore,  been  made  by  opponenta  of  vaccination 

a  large  area  of  marks  shotdd  be  accompanied  by  severity  instoiad  of 

teas  of  smaU-[X)x  attack.     But  obviously,  on  any  «kin,  four  insertiona 

lympli  will  produce  a  larger  area  than  one  or  two  insertions  of  equal 

®iio,  and  the  greater  the  area  of  insertion  in  any  individual  case  the 

Iter  will  be  the  mark  left,  though  some  individuals  may  shew  a  larger 

than  others  from  insertions  apparently  e«jual  in  extent. 

The  differcncd  between  sufficiency  and  insufficiency  of  vaccination  is 

Ferted  in  the  earlier  return  of  susceptibility  to  smaU-jjox  infection. 

lediately  after  the  vaccinal  process  is  completed,  if  the  local  result  itself 

been  characteristic,  whether  the  ai-ua  of  insertion  has  been  large  or 

II,  or  the  number  of  marks  baa  been  one  or  four,  the  individual  is 

(^ted  against  small-pox,  and  the  limited  degree  of  protection  resulting 

)m  insuthcient  vaccination  manifests  itself  only  as  time  passes. 

Revacoi nation. — Evidence  of  the  value  of  revaccination  as  compared 

'vith  a  single  v.iccination  performed  in  infancy  is  similar  in  nature,  and 

in  modem  times  equal  in  amount,  to  that  of  the  value  of  a  single  infantile 

vaccination  as  compared  with  non-viiccination. 

The  mistake  of  Jenner's  life  wiis  that  he  failed  to  recognise  the  want 
of  permanence  of  the  protection  from  small-pox  which  is  conferretl  by 
primarj'  vaccination.  His  Iiuptirif  was  published  in  1798,  and  he  died  in 
1823,  but  throughout  that  quarter  of  a  century  he  never  altered  his 
view.  His  failure  to  realise  the  truth  is  not  so  surprising  when  all 
the  facts  are  considered.  He  rightly  rcgardetl  vacciniji  as  variola 
of  the  cow,  ami  thi-oughout  all  his  researches  he  was  guided  by  that 
con\-iotion.  He  admitted  no  difference  in  degree  between  the  protec- 
tion afforded  by  a  mild  attack  of  small-pox  and  that  afforded  by  a 
severe  attack,   whether    the   severity   belonged    to   the    natural   or  the 


artificial  (inoculated)  disease,  luid,  following  this  line,  he  saw  no  differ- 


ence  between   the  protective  power  of  humnn  small-pox  u  nuaifcMail 
by  its  ordiiittiy  eruption  luid  that  of  cow-pox  as  shewn  by  ibenottikrl 
vesicle  on  an   infiitit's  arm.     He   often   pointed  one,  in  expluutioe  d 
vaccine  faihirett,  lh»t  one  attack  of  small-pox  did  not  invari»Ujr  prt)Ur|.| 
against  a  second,  but  he  did  not  regard  such  failures  oi  at  all  dcpeDdettJ 
on  lapse  of  time  between  the  first  attiick  and  the  second.     He  hot4  iIb1,i 
in  the  cases  of  similar  infectious  dis(VL8e.s,  the  rule  wiis  th^t  imp  Mttat 
gave  absolute  protection  against  a  secottd,  hut  that  at  the  sabu  UBttl 
there  was  an  appreciable  number  of  exceptions  to  this  rule,  with  r^puil 
Imth  to  small-pox  and  other  infections,  and  he  looked  on  smallpox  Afurl 
vaccination  as  exemplifying  such  exceptions.      Independently  of  f>i)im| 
duo  to  the  line  of  spurious  mattt^r,  vaccinia  being  essentially  vanola 
occasiuually  fail  to  prot4.'Ct,  juMt.  as  variola  itaeU  failed,  but  in  neither 
WHS  lessening  protective  power  from  lapse  of  time  the  cause  of  such  fail 
This  view,  in  its  application  to  variola,  wa.s  apjiareritly  held  jiimoBtumvemDfj 
by  the  medical  profession.     There  were  uxceptions  to  tlie  rule  that 
attack  prevented  a  subsequent  attack,  but  the  rule  remained  all  the  n 
H.  many  years  after  suffering  from  unmistakable  smal]*pux,  an  indivuloii' 
became  fevered  and  suiVercd  from  iMckachc  and  headache  which  dcpurtcd 
on  the  appwirance  of  an  cniption  on  the  forehead  and  wrists,  or  ov<r  tbft 
whole  iKMly,  the  diseiute  so  numifesling  itself  was  not  reganled  U 
pox.     According  to   the  appeamnce  of  the  oniption,  whether 
vesicular,  or  pustular,  various  names  were  applied — hom-pock,  nirk 
stone-pock,  water-|>ock,  chicken-pox,  8wine-|xix.     All  such  eruptions 
customiirily  looked  on  as  we  look  on  chicken-pox  at  the  prf<*»nl  dii 
luimely,  as  having  no  atfinity   with   smallpox.      If,  on   the  ' 
person  were  attacked  in  a<hilt  life  by  sevurc  and  iinmistakabli 
and  if  |>art  of  his  history  was  to  the  otfeet  that  in  infancv  or  youU 
h;ul  suffcreil  from  an  atUick,  prrjUbbly  slight,  of  what  had  Iwvn 
as  smallpox,  the  verdict  would  Im?  that  the  nature  of  the  fii-bt  altaclE 
not  been  undnrfltood,  tbit  it  must  have  liecn  chicken-pox,  or  1m 
one  of  the  other  varieties  of  such  eruptive  diseases.     To   '•■■■ 
therefore,  .lenner's  view  as  regiinla  the  proUHrtiNe  |K>wer  of  varmk  *a 
simply  that  which   lielongcd   to   the   time   in   which   he   MvikI,  luid 
investigations  into  the  protective  power  of  cow  pox  led  him  tu  rtpjpl 
not  only  as  smallpox  of  the  cow  but  as  having  the  same  pemutuent 
tective  (wwer.     In  the  Itttfuin/  he  reports  cases  of  milkers  who,  hivi 
had  cow-pox  so  long  as  20  or  30  or  40  or  •'•0  years  before,  hud,  rliu 
the  whole  of  that  period,  been  protected  against  smallpox  when  It 
exposed  to  it  or  when  purposely  inoculated  with  it.     In  the  present 
in  explaining  this  lengtheiic<l  duratiort  of  prut^ection,  we  wouhl  al 
great  im]K»rttuice  to  the  fact  that  the  original  operation,  the  »rcid( 
inoculation  of  the  milker's  hand  ^vith  cow-pox,  had  taken  pUce.  uoti 
infttncy,  but  in  early  tulult  life,  after  cliildhotKl  had  pASSoil,  aft^r  groi 
and  development  had  almost  ccasmI — that  it  was  priictically  4?(pii\nlrn| 
primary  vaccination  peiiormed  in  adolescence  or  adult  life,  which  it 
in  itfi  protective  effect,  is  equivalent  to  revaecination  ;  and  we  know. 
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ouiiter  of  fact,  that  very  few  i>er8ons  ao  protected  are  ever  afterwards 
attacked  by  smallpox. 

In  this  comilry,  largely,  no  doubt^  from  Jenner's  teaching,  the  need 
for  ru vaccination  was  a  long  time  in  becoming  recognised,  ami  when  the 
frequent  occurrence  of  postvaccinal  small-pox  could  no  longer  be  dis- 
fjuled,  it  was  thought  by  many  that  the  original  stocks  of  l^Tnph  must 
hrtve  deteiioratwi  through  long  removal  from  their  bovine  sources. 
!ifltum  to  the  cow  was  urged  as  the  way  out  of  the  difficulty,  and  from 
fttumt  1S36  to  1841  a  |?roup  of  investigators — Estlin,  Ceely,  ami  Badcock 
iu  this  country,  and  Bousquet  on  the  Continent — sought  after  cow-pox, 
tiaiunil  or  artificial,  the  latter  by  variolation  of  cows. 

By  this  time,  however,  the  truth  about  the  need  for  systematic  ro- 
nuicination  had  been  realised  in  Germany,  and  vaccination  of  recruits 
wa*  made  compulsory  in  the  Wiirtemlwr^  army  in  1833,  tht*.  Prussian 
irmy  in  1S34.  the  Hanoverian  army  'w\  1837,  the  Bi\den  army  in  1840, 
and  the  Bavarian  army  in  1843.  l>r.  Werner,  as  ipioted  by  Dr.  Kdwardca, 
itotCH  the  retsultH.  In  the  Prussian  araiy  in  the  ten  years  preceding  the 
(»rder,  the  deaths  had  been  aa  follow : — 


Year. 

DeAthi. 

1825 

12 

!82C 

16 

1827 

23 

1828 

35 

1829 

36 

War. 

DwUjs. 

1830 

27 

1831 

108 

1832 

96 

1833 

108 

1834 

38 

The  order  was  dated  June  16,  1834,  and  in  the  next  five  7601*8  the 
deaths  wi're  8,  9,  3,  7,  and  2  refipeclively.  Then  in  thirty  years,  1 840-G9 
inclusive,  the  total  deaths  were  ol,  the  average  being  less  than  2. 
Previous  to  1834  thei*e  had  been  a  higher  small-pox  death-mte  in  the 
army  than  in  the  civil  p<.)pubLtion,  bnt  this  was  <iuickly  altered,  so  that, 
Avhile  in  the  deca<ie  1^25-34  the  deaths  per  1000  in  the  anny  had  been 
3*6,  and  in  the  civil  population  2*7,  the  HgurcH  in  the  thirty-five  years 
1835  to  I8G9  were  as  follows,  in  successive  <]uinquennia : — 

Army  :  049,  0-21,  006,  014,  004,  012,  Oil 
Populiititm  :   1-9,     21,     \%     2'6,     1-3,     30,     3" 

In  the  Wurtemberg  army  there  was  not  a  single  death  from  smallpox  in  the 
twenty  yeare  1851-70,  and  in  the  Tiavanan  array  there  were  only  6  deaths 
in  the  twenty-eight  years  1843-70,  whereas  in  the  nine  years  1828-36  there 
h.'ul  Iwen  52  deaths.  When  the  small-pox  pandemic  swept  over  Europe 
in  1870-74  it  differentiated  in  a  very  striking  manner  between  the 
Prussian  and  Austrinn  armies,  the  former  being  revaccinatod  and  the 
latter  not.  The  Austrian  attack-rates  per  100,000  men  were  as  follows 
in  the  eight  years  1870-77  inclusive— G87,  816,  1798,  1658,  1003,  386, 
275,  412.  The  Prussian  rates  for  the  years  most  nearly  corresponding 
to  these  were  31,  566,  684,  101,  36,  7,  8,  6. 

As  regards  the  French  and  German  armies  in   1870-71    the  iCoyal 
Commission  on  Vaccination  wrote  as  follows  : — 
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A  eompiiri«uQ  of  the  mode  iu  wliich   the  ^^un 
1870-71  alFwlcd  the  Gcrmuri  and   FreU'-'h  urmie*  in 
worthy  ufattcnttun.     Id  thu  year  1834  vaccination 
Boldien*  in  the  Prussian  army.      Althougli  il  may  no 
complete  thoroughness  theiv  neems  to  l>e  no  doulit  thd 
on  the  whole,  a  well-vncoinated  class  at  the  time  of  li 
We  do  not  think  there  can  he  any  real  doubt  that  th*- 
the  same  period,  in  a  condition  in  that  respect  less  »n 
the  official  returns  the  nnmher  of  small-pox  deathfi  in  inc  ucrmnn  lott^  iiiina( 
the  yean  in  question  was  only  3IG.     It  wik.s  8tate«l  by  Monsieur  de  FnrrdM 
when  Minister  of  War,  that  23,400  Frencli  Bohliers  died  of  ^mall-jiox  durta{!il< 
years   1870-71.     We  have  not  been  ahle  clearly  to  ascertain  tiow  tbae  In* 
figures  were  procured.     They  were  not  derive<l  dirwtly  froui  any  official  crisw- 
It  would  seem  that  the  average  derived  from  a  Uniitud  number  of  retonif  t^ 
ing  to  particular  ])ortiun9  of  the  oimy  was  applied  to  iho  anny  aa  a  vbole.    ^ 
w  qtiitc  poorible,  therefore,  that  the  figuriHi  given  may  uut  be  accormte,  ainl  tb* 
the  number  stated  la  iu  excess  of  the  real  number  of  deaths  ;  but  we  do 
think  il  is  potu^ible  to  doubt  that  tlie  ravages  of  flmall-pox  in  the  French 
were  very  ^jreat,  and  that  the  mttrtality  was  enormouflly  in  e^xceje  of  tliat  tuffc^      i^ 
by  tlie  force  which  was  oppOMHl  to  them.     Various  fact£  which  havu  been  dfpotf^^^ 
to — as,  for  example,  the  small-pox  deaths  in  the  ranks  of  the  French  M>ldi^^^ 
imprwone*!  in  Germany — confirm  thi^  view,  which  receives  further  c»inli 
by  a  comjiarison  of  tlio  small-pox  death.t  in  the  French  ond  Prussian  armies 
the  time  of  peace  which  immediately  preceded  the  war.     In  ISfiD  th»'r. 
03  deaths  from  sraall-pox  in  the  \-nriouB  French  garriBons.     In  thv  ftui: 
from  1800  to  18fm  there  were  380  deaths  frfim  «nwll-i»ox,  323  of  \\\-  \>.    ■ 
iu  the  active  army.     On  the  other  hand,  the  total  uuiulwrof  deaths  U-^^^  =u^ 
pox  in  tlie  Prussian  army  from  1835  tu  1869  was  but  77 
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In  (Itirmany,  compulsion  was  extuiult'fi  from  the  army  U\  the 
popuhition  by  a  law  dated  April  8,  1874.  Itumkotod  that  all  children 
to  be  vaccinated  in  the  course  of  the  second  year  of  life,  and  that  oil 
school  children  nre  to  l>e  vaccinated  in  the  course  of  the  twelfth  year  ol 
life  unless  they  have  had  smallpox  or  been  sucoesoftiUy vaccinated  vritbui 
the  preceding  five  years.  In  Prussia,  in  addition,  compulsory  vaccination 
can  he  carried  out  in  any  house  or  locality  where  epidemic  siiiaU 
occurs.  Also,  as  ajrejidy  said,  recruits  are  rcvaceiuated  on  entering 
ai'my.  But  in  Gormatiy,  as  in  this  country,  compulsion  is  nut  alisolui 
and  punishment  of  parents  or  guaiKhans  for  failure  to  ol>ey  the  law  i«  by 
fine,  or  by  itii])rifionment  not  exceeding  throe  days.  Germans,  however, 
are  a  law-aludin^  people,  aixl  the  amount  of  default  is  not  ^reat  The 
facts  for  Hto:;  a)>fttractcd  from  the  oflictal  ReiMrts  xcoiy  be  pvm  in  deUil, 
juid  are  as  follows: — Primarif  f'aedtuUwn. — The  number  of  infants  due 
1902  for  primary  varcimttion  was  1,870,895.  Of  these  71,784 
excused  on  the  following  grounds  : — 

(1)  Had  small-pox.  63;'  (2)  had  already  boen  raocinated  BucocMfulI 
In  the  p^e^'iotm  year  (l»efore  their  compulsory  vaccination  waa 

'  Must  (if  tlit'w  were  in  dintricts  1>arderiiig  on  utiicr  ctitintii»  wbctv  vuueiiuiUiMi 
fitUy  cMTied  out— RituU.  France,  ut<:. 
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in  previoua  year  but  not  inspected 
1091.  The«e  three  groups  make  & 
1  to  be  vaccinated.  Of  ihcse  there 
,530.301  ;  (2)  luiBUCCCSsfulIy,  38,738  ; 
!cause  they  had  not  been  inspected 
The  total  of  tliose  three  grouijs  ia 
to  be  accouni<«l  for.  These  are  mode 
iutiuM  ^  .  » . ,  .  J  •  under  me<Hcal  certificate,  1 75,206  ; 
t)  gone  away  and  not  found,  17,080 ;  (3)  unlawfully  in  default, 
1,041.  Taking  the  last  two  groufts  as  representing  default  in  the  sense 
wliich  the  term  is  used  in  this  country,  and  calculating  it.  on  the 
igtnal  total  of  1,870,895,  the  percentage  is  2*7.  Regarding  cases 
ttponed  under  medical  certificate,  the  law  is  that  "  A  person,  liable  to 
urination,  who  cannot  according  to  medical  toBtimnny  be  vaccittuted 
!  t  hont  his  life  or  health  1>etng  cn<langcred,  must  be  subjecte<l  to 
'vaccination  within  a  year  after  the  cessation  of  the  cause  of  such  danger. 
f  n  cafiea  of  doubt  as  to  whetlier  that  <Ianger  still  exists,  the  com])ctent 
official  doctor's  opinion  is  decisive  without  further  appeal"  (This  official 
■corresponds  to  the  public  vaccinatt>r  in  Kngland.)  Jieraccinution. — The 
•Corresponding  facts  in  Germany  for  tlic  sjimo  year,  1 902,  are  as  follows ; — 
There  were  due  for  revaccination  1,274,722  school  children.  Of  these 
••88 1  were  excused,  namely,  (1)  had  sm^dl-pox  within  the  last  live  years, 
^5;'  (2)  had  been  successfully  vaccinatetl  within  five  years,  5796. 
There  remained  1,268,834  to  bo  revaccinated.  Of  these  1,236,516 
^ere  operated  on  with  the  following  re^fult:  (1)  successfully,  1,162,036; 
'^2)  unsuccessfully,  72,626;  (3)  result  unVnouni  {not  inspected),  1854. 
lere  remained  not  revaccinated  32,298,  and  these  are  groupotl  thus  : — 
(1)  Postponed  under  medical  certificate,  17,460;  (2)  absent  from  school 
)n  the  day  appointed  for  revjicciiiation,  6642;  (3)  gone  away  and  not 
Mind,  2943;  (4)  unlawfully  in  default,  5254.  It  will  be  observed  that 
le  postponements  of  revaccination  under  medical  certi€cat«  are  less  than 
t«nth  of  the  post()onement«  of  primary  vaccinatiun.  There  is  no  reason 
[to  think  that  if  obligatory  revaccination  were  introduced  in  this  country 
[the  experience  would  be  dissimilar.  The  section  of  the  Act  alrewly 
|Qoted  with  regard  to  primary  postponement*  applies  also  to  revaccination. 
the  defatilt  be  regarded  as  including  the  last  three  groups  in  the  above 
itistics,  namely,  6642  +  2942  +  5254,  and  if  this  be  calculated  on  the 
of  1,274,722  due  for  revaccination,  the  percentage  is  116.  If  it  be 
ie<l  that  the  6642  absentees  were  afterwards  revaccinated,  the 
default  would  he  only  0*64  [>er  cent. 

^The  above  are  the  facta  as  to  German  vaccination  and  revaccination 
der  the  imperial  law  of  1874.     What  are  the  facts  as  to  small-pox 
|ijevalence  before  and  after  the  passing  of  the  law  t     For  Pnissia  the 
following  table  gives  the  figures  from  1816  to  1902  inclusive: — 


h 


See  footnotfl,  p.  700. 
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1 


Mortality  from  Ssull-pox  in  Prussia,  1810-lf"»i.* 
I'KR  Million  Living 


Previoiw  to  1874 


Y«ir. 

Rate. 

Ve..  1 

llate.  ; 

Y.«r. 

Rate.  ; 
75 

Yrai. 

i«ii-. 

1816 

453 

1836 

188 

1856  i 

1875 

;i»> 

1817 

278 

1837  1 

156 

1857  1 

133 

1S76 

:n 

1818 

295 

1838  1 

168 

1858  1 

264 

1S77 

■J 

1819 

208 

1839 

145 

1859 

196 

1878 

7 

1820 

106 

1840 

161 

1860 

190 

1879 

13 

1821 

170 

1841 

145 

1861 

302 

1880 

•2rt 

1822 

205 

1842 

224 

1862 

211 

1881 

:t6 

182:i 

199 

1843 

283 

1863 

338 

1882 

.^6 

1824 

145 

1844 

270 

1864 

463 

1883 

20 

1825 

164 

1845 

159 

1865 

438 

1884 

14 

1826 

144 

1846 

153 

1866 

620 

1885 

14 

1827 

254 

1847 

95 

1867 

432 

1886 

h 

1828 

190 

1848 

137 

1868 

188 

1887 

5 

1829 

193 

1849 

108 

1869 

194 

1888 

3 

1830 

241 

1850 

157 

1870 

175 

1889 

5 

1831 

119 

1851 

130 

1871 

2432 

1890 

1 

1832 

303 

1852 

189 

1872 

2624 

1891 

1 

1833 

601 

1853 

395 

1873 

857 

1892 

3 

1834 

491 

1854 

436 

1874 

95 

1893 

4 

1835 

271 

1855 

97 

1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 

3 

0-8  . 
0"_' 

0-2  . 

0-4 

0\S 

1-4  : 

1-4   ' 
0-:t 

In  such  statistics  Austria,  where  vaccination  is  not  compulsory,  has 
commonly  been  taken  for  comparison  with  Prussia,  but  since  ISlU  the 
administrative  authorities  have  been  most  active  in  promoting  vaccination, 
ami  8mall-{x>x  has  accordingly  diminished,  so  that  the  contrast  is  not  only 
between  Prussia  and  Austria  but  between  Austria  Iwfoiv  and  since 
vaccination  has  been  the  subject  of  so  much  administrative  eifort. 

Dr.  Edwardes  gives  the  following  table  of  small-pox  in  Germany  before 
and  after  the  passing  of  the  law : — 


[Table 
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The  Results  ok  the  German  Vaccination  Law, 
SiiuiU-ptu  IktUhs  per  Million  Lmtig. 


187* 


YMr. 

EUvari*. 

WUrl4imb««. 

Oenntii  Bmpin>,i 

(1)  Before  the  l*w  of  1874— 

1866      .... 

ll!0 

138 

1867 

•ifiO 

«W 

K      1868 

190 

19 

■      1869 

101 

74 

■      1870      . 

75 

e93 

■      1871 

. 

1045 

1130 

F      18"2 

611 

637 

1873 

, 

176 

30 

1874 

47 

:l 

(2)8iuc..  1874 

_ 

187.1 

17 

3 

K      1876 

, 

13 

1 

■      1877 

17 

2 

F      1878 

. 

IS 

0 

1879 

6 

0 

18S0 

12 

5-6 

1881 

15 

3*6 

L_     1882 

12 

6-d 

■     1883 

6 

35-2 

■     1884 

, 

1 

11-6 

F      1885 

3 

0 

1SS6 

1 

I 

4-2 

1887 

IS 

0 

3-5 

1888 

3-S 

0-5 

2-3 

1889 

" 

b-2 

0 

4-1 

18»0 

1-6 

0 

1-2 

1891 

:    '. 

1-2 

0 

1-0 

1S92 

0-6 

0 

21 

1893 

0-7 

1 

31 

B.      1894 

' 

0-3 

0 

1-7 

■      189!) 

0-2 

0 

0-5 

■      1896 

0-2 

n 

0-2 

■     1897 

0 

0 

01 

■      1898 

OS 

0 

03 

"      1899 

or. 

Hi  14  displays  both  contnists.-     Still  another  coutrast  may  bo  shown 

girammatically.     Compulsory  revacciimtion  began  in  the  Prussian  army 

larly  as  1^34,  and  in  the  general  jMJimlation  not  until  1874.     Up  to 

'4,  therefore,  a  great  difference  is  manifest  l>etwc'en  small-pox  in  rnisHia 

in  its  army.     But  even  the  alre;idy  revaccirialed   niilitiiry  population 

benefited  by  extension  of  the  jjnictico  throughout  the  whole  country, 

benefit  consisting  in   diminished   opportunity  of   infection   of   any 

liers   who  were  still  in  any  degree  susceptible   bo  smallpox.     The 

r^  which  gives  the  fi{;ures  up  ti>  1901,  shuwa  that  after  1874  there 

B  only  two  deaths  from  small-pox  in  the  whole  Prussian  army,  one  in 

i4-85  and  the  other  in  1888  89. 

SuiixticK  l>t«lii  in  till'  year  1S36. 

From  the  German  Umpire  Vaceinati/in  Latr,  Berlin,  1904.     Printwl  by  B.  Paul,  Berlin, 
,48. 
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Contrasting  modem  Germany  with  modem  England,  the  folic 
figures  (from  Dr.  Bruce  Low's  Report  (40))  indicAte  jian  of  tlie 
which  this  country  paya  for  it«  folly  in  neglecting  re  vaccination. 

Number  of  Rkcordkd  Dkaths  from  Small-pox  fn  Gkrmaxt  __ 

KNtiLAND   DURING  THE  TWELVE   YEARS    1891  TO  1902   ISCLCSmi 


Pupuw^oo.  ill  f  I  i'sl^jili  I  i\t 


Gennur  0W» 
BngliDd  uul  WiUwdDOi) 


lU     108 
«P     431 


10     6     15     »<«« 

Ul    29'2U   1T4    &» 


M2   1441 


Suuill-jiW.  Isolation  in  Germanif. — Dr.  Bruce  Low's  report  ^ves 
dentally  some  remarkable  evidences  of  the  practical  value  of  systetD 
rcvaccinjition.      In  a   most  valuable  letter  to  the   Titnes^  Mnt.  GarK^^ 
Andoffton,  M.D.(51),  indicates  the  enormous  expense  caused  by  the  i  ]     '    " 
and  maintenance  of  small-pox  bo«pitJils  in  this  country,  and  the  loss  <  • 
work,  and  money  ciiiLscd  by  Bumll-ptix  epidemics.     But  in  fiennany  sm»ii'j 
pox  and  smallpox  hospitals  are  alike  almost  nonexistent.     For  LftidonJ 
with  its  population  of  five  miUiuns,  2500  beds  have  to  be  rettervcd   iP 
hospitals  iar  removed  from  the  city,  whilst  for  Berlin,  with  its  two  milliorM 
of  poptilatiun,  12  beds  in  a  pivilion  of  a  general  hospital  within  the  cit-JH 
are  sufficient.     Other  towns  have  more  or  less  similai*  arrangements.     In 
Wiesbaden  (estimated  population  92,301)  there  is,  in  the  geneml  hoqiitAl 
of  3U0  beds,  a  wooden  pa\nlion  of  IG  beds  which  is  regimio<l  as  pvitsg^ 
accommodation   for  suKdL[X)x  ;    but   there   had    been   no  small -{lox  to 
Wiesbaden   for  eleven  years,  and   the   beds  were   being  used  for  noo- 
infectious  cases.     In  Munich  (estimated  population  544,714)  ther«  i>  « 
hoii{>iUit  of  1320  beds  nc;u'  the  centre  of  the  city,  and  a  pavih'on  coataio- 
ing  14  bods  is  used  for  small-pox,  and  occasionally  for  "contacts."    lo 
Nuremberg  (estimated  population  294,8 iy)  the  geuend  hospital  has  !)(( 
bods,  of  which  1 2  are  for  small-jtox ;  but,  as  in  Wiesbaden,  there  had  Iwen 
no  one  to  occupy  them  for  eleven  years.     In  Di-esden  (estimated  popula- 
tion 518,406)  the  Friedrichstadt  Hospital  has  1058  beds,  of  which  20  wt    , 
for  smaIl-|>ox;   anfl  Professor  Schmidt  told  Dr.  Bruce  Low  about  "thi 
procedure  which  would  Iw  followe*!  if  a  cjise  of  small-pox  were  admitMl,' 
but  none  had  been  brought  duiing  his  term  of  office,  and  tliere  li*^  ' 
no  smallpox  deaths  in  Dresden  for  ten  years.     In  Smitgjirt  (wir 
population  191,ri45)  the  Katharine  Hospital  has  700  meflic&l  and  surgical 
beds,  and  devotes  to  small-pox  a  J}ficka'  hut  of  6  b«U ;  but  there  hai 
been  no  small-pox  for  six  years,  and  the  hut  was  out  of  rc|>air.     The  ewe 
six  years  before  was  that  of  a  Russian.     Generally,  small  [>ox  pavilions 
are  in  no  way  shut  off  from  the  rest  of  the  establishmunt ;  f<x«l  t»  KUpjiUtnl 

'  The  huidUt  "i  ■mall-pox  deaths  Tor  1902  has  becu  (uttipIiMl  to  Dr.  Bnie*  I>iir 
the  CfiiitrAl  IruprriiU  Ilealtli  Offtt-u  ikt  Itt^rlin,  suhje-ct  Ui  Miiy  ^lii^l.t  curr.M  ifotu  whU^ib 
Im)  fouud  tiecusMtry  when  Ihe  nutlicjij  nljiUstics  fur  1902  iirr  Hmi'<: 

^  Tliere  were  7SI  deathn  fmni  Muull-pox  in  EtigUnd  ntiil   \\  .  1903.  Iml  Ite. 

Bruvc  Low  hu  beea  muhle  to  obtain  tbe  oomfpotidiap  bKurcs  for  >     .  <     . .  ftir  thAt  fmr. 
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lOin  the  central  kitchen,  and  soiled  linen,  after  steeping  in  a  disinfecting 
olution,  is  sent  to  the  general  laundry.  >Sni.iil-pox  nurses  and  attendants 
re  at  once  revaccinated,  but  for  the  rest  of  the  hoajiital  reliance  ia  placed 
ID  statutory  vaccination  and  i^c vaccination.  RegaKling  such  smallpox 
40  does  occur  in  Germany,  Dr.  Low  writes:  "There  appeared  a  general 
XMisensns  of  opinion  th;it  a  considenible  proportion  of  the  small-jtox  ca-sea 
now  met  with  in  Germany  were  in  the  persons  of  foreigners,  especially 
Bnasians,  Auatrians,  and  lt;ilians,  many  of  whom  come  to  Germany  to 
nork  in  new  industrial  nn<lenakiiigH  or  as  laljourers  on  the  construction 
of  nilways  or  other  public  works.  Many  of  the  outbreaks  of  small-jtox 
'wporled  in  Germany  occur  in  towns  and  districts  situated  on  or  near  the 
^Msian  or  Austrian  frontiers,  especially  the  former.  There  are  consider- 
ate commercial  communications  between  some  large  towns  in  Germany 
■Ji<i  hussia,  and  small-pox  has  been  oI>6erved  in  Kussian  commercial  men 
^ting  Berlin  and  other  places  iu  connexion  with  their  business. 
'''fftier,  Russian  and  other  emigrants  passing  through  Germany  on  their 
*^  to  Hamburg  or  other  ports,  liy  rail,  h.'ive  t>een  known  to  infect 
^ons  whose  duties,  as  railway  oflBoials,  for  example,  caused  them  to 
"■t  the  trains,  or  who  other%riso  came  casually  into  contact  with  these 
v^ollers."  Here  is  an  illustration  of  how  foreignei-s  may  be  infected  in 
'"*»any.  Professor  Weintraud  of  AViesbadon  told  Dr.  Bruce  Low  how 
"*iile  resiflent  medical  ofl&ccr  some  years  ago  at  the  Berlin  Charit6 
^  Jfitjil  two  small-pox  cartes  were  admitted  for  isolation.  As  there  had 
**i  no  op{>ortnnity  for  demonstrating  the  clinical  characters  of  sroall- 
^  for  some  time,  he  was  deputed  by  the  chief  physician  to  give  instruc- 
^  on  the  diagnosis  of  small-pox  to  some  260  students,  in  detachment-s, 
The  bedside  of  these  two  patients.  As  vaccination  and  rcvaccination 
^  compulsorj*  in  Gunnany,  it  was  not  thought  necessary  lu  make 
^uiries  as  to  this  matter.  Rut  at  the  end  of  twelve  days  2  students 
^  of  the  260  fell  ill  with  the  initial  symptoms  of  small-pfjx,  and  each 
■bed  through  an  attack  of  the  disease.  Both  were  Itaijans  who  had 
nl  been  revaccinated." 

Briiish  Army. — In  our  own  country  there  is,  unfortunately,  no  such 
lystematic  national  revsccination  and  no  such  immunity  from  small-pox 
IS  in  Germany.  In  the  army  anr!  navy,  however,  systematic  revaccination 
if  recruits  is  practised,  but  the  proportion  of  failures  of  the  opoiation  i« 
irge,  and  no  exact  information  is  published  as  to  the  actual  percentage 
Itimately  revaccinated  wnth  success.  Yet  the  figures  are  sufficiently 
triking,  as  given  by  the  Koyul  Commission  in  sections  331-339  of  their 
'inal  Report.  The  Army  l^e vaccination  Order  dates  from  1858,  and  as  the 
len  previously  recruited  passed  out  of  the  force  the  influence  of  the  new 
ystem  became  manifest,  so  that  the  attacks  per  10,000  of  the  strength, 
rhich  in  the  home  force  ha<l  ranged  from  I  2  to  41  in  the  yejirs  1847-.")fi, 
mounted  only  to  20  in  the  whole  14  years  1881-94,  with  which  last- 
lentioned  yeiu*  the  t.ible  ends.  In  the  force  in  the  Colonies  the  attacks 
•er  10,000  of  strength  averaged  only  fractionally  more  than  one  per 
nnum  in  the  same  1 4  years,  and  there  was  not  a  single  death.     In  India 
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The  facte  regHrding  the  Postal  Service  furnish  anoiher  illustration  of 

value  of  revacciiiation.      In    1883,  Sir  Charlea   Dilke  said   iu  the 

t>f  Comujons :  -"  In  the  case  of  persons  permanently  employed  in 

|t08ial  service  in    Ixindon,  iiveraging    10,504,  who  are   required  to 

lorgo  v.iocinalion  on  admission,  unless  it  has  been   [>erforrned   within 

sn  years,  there  hiis  not  been  ft  single  death  from  smull-pox  between 

&70  and  1880,  which  period  include<l  the  smnll-pox  epidemic,  and  there 

re  been   only    10  alight  cases  of    the   disease.       In    the    tele^rHphic 

uent,  where  there  is  not  so  complete  an  enforcement  of  vaccination, 

have  beet!  only  12  cases  in  a  stafi"  averaging  lf>((0  men.' 

The  Royal  Commission  gave  the  following  additional  stalistica : — 


Tew. 

<JMwnUI'«aOIH«, 

'  OtIlcM*  Eniplo)-ed. 

KuiiiI«rorGM«i)f 
BlluUI'imx. 

NtimtMiuf  Or«tbl 
from  9inftll-poic. 

1891 
189*J 
1893 
1894 

47,284 
54.198 
58,311 
60.490 

Kane 
-I 

4 

n 

NODO 

None 
Nou» 

1 

Small-pox  was  prevalent  in  London  in  the  period  included  in  this 
table,  and  the  Commission  add ;  "  It  is  noteworthy  that,  in  the  year 
1892,  12  officers  wore  absent  from  duty  on  account  <»f  tho  iirt-sence  of 
sRiall-pox  in  their  houses;  in  1^93,  44;  and  in  1894  as  many  as  53." 
In  Sheffield,  at  the  tiiue  of  its  epidemic,  there  were  290  persons  on  the 
[lermanent  stafl*  of  the  Post  Olhco,  and  the  regulations  rc4|uir(Hl  revaceina- 
tion  before  engagement :  none  were  attacked  by  smallpox,  though  much 
exposed  to  it  in  the  course  of  their  duties  as  letter-canierB,  telegraph 
boys,  etc. 

Tli*^  Gltwfmrf  Epidrmir  of  1901-2.— The  City  of  Glasgow  afforded  in 
H«  small-pox  epidemic  of  1901*2  uit  exceptionally  valuable  field  for 
observing  the  intbience  of  reviiccination.  The  workingclasa  population 
of  lilasgow  lives  in  huge  tenement  buildings,  usually  four  storeys  in 
height^  witti  multiple  dwellings  on  each  flut,  all  entering  from  common 
]NiSH;iges  and  stuirwaye.  Opportunities  for  infection,  therefore,  are 
specially  great.  Bclvidere  Hospital,  where  Glasgow  smallpox  was 
tredited,  is  situatetl  at  ihe  o;ist  end  of  the  city,  and,  as  often  occurs  in 
such  circumstances,  in  the  east-end  population  there  was  ijuite  exceptional 
prevalence  of  small-pox.  In  these  circumstances  the  Corporation  offered 
systematic  revacciriation  tbmujjihuut  the  whole  community  over  live 
years  old.  The  total  population  over  that  age  was  estimated  at  675,887, 
and  the  total  cases  of  small  pox  from  the  beginning  of  1901  to  May  1902 
were  1658.  The  following  t:dde  shews  ttie  progress  both  of  vaccinati(»n 
And    small-pox    in    this    population   fortnight   by    fortnight,   those  who 

epted  the  Corporation's  offer  being  distinguished  from  those  who  did 
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not     The  progress  of  revaccination  is  indicated  by  the  figurM^  "^ ' 
gradual  extension  of  the  practice  until  it  had  embnwred  over  *O0j 
persons  is  well  seen  in  the  table,  along  with  the  corresponding  dimiout 
in  the  numbers  who  neglected  the  protection  offered   them.     From 
ginning  to  end  it  will  F»e  obsened  that  sraall-pox  absolutely  confinwl 
to  those  who  did  not  submit  to  the  operation.     Not  a  single  rb«;ii 
revaccinuted  individual  was  attacked  by  the  disease  from  be( 
end  of  the  period.     There  being  most  small-pox  in  the  east  end, 
tion  was  most  resorted  to  there. 

Not  Recently    Keraccinated   and   Recently   Flevaccinatcd   Popul 
Glasgow,  over  five  years  of  age,  in  each   Fortnight,  with  th« 
of  Smallpox  occurring  in  each  Class.     (Dr.  A,  K.  Chalmers.) 


Not  B*<enUy  ll#va*.-clnttlttt 

BawnUx  R*«»CMn««4          \ 

F^iQUlftUaiL 

FopultUOtt. 

January      lli,  IVOI  . 

tf7&.as7 

28 

0 

^    1 

26    . 

ti*4.Sl« 

350 

1.071 

^    1 

February      9    . 

«7i,o'JS 

202 

4,M2 

<■     1 

o           23    .         . 

6^4,213 

127 

41,674 

^     1 

JUreh          9    . 

f>56,6rtl 

299 

ni».:i2il 

^     1 

28    .         . 

518.436 

161 

lf.7.4fil 

"     1 

April             fl    . 

474.ft94 

92 

201,193 

0     1 

20    .         . 

43D.or>« 

67 

946.KS1 

0 

M&r             4    . 

3S4.y71 

28 

291.  M  6 

0 

18    •         ■ 

3(16.125 

IS 

809.7«2 

0 

.lunu            1    . 

352,635 

U 

323,2.14 

0 

If.    , 

347.777 

a 

328,110 

•29    , 

MWl'm 

8 

330.  &94 

Jii!y            13    . 

•Ih^Ml 

I 

394.020 

November  Itl    . 

279.4W 

I 

396. 43& 

30    . 

279,232 

6 

396. 65f. 

December  14    . 

279,  U20 

4 

396. 867 

28    .         . 

278,796 

0 

397,091 

January     11,  1902  . 

27S,«23 

28 

397,264 

25     -         . 

278,li.2 

23 

897.73B 

Fubniary      S 

277,663 

23 

398,234 

22    .         . 

277J34 

147 

S98.7M 

Murch          8    . 

276.033 

92 

S99.M4 

22    .         . 

274.611 

85 

401.276 

Aijril            6    . 

272.694 

36 

403,193 

19    .         . 

271. GIO 

16 

404,308 

^  J 

May             3    .        . 

271,032 

10 

4<H.8&5 

'1 

The  communities  living  in  these  great  four-«toried  buildings 
sharply  dtfferfnti;itod  by  acceptances  and  refusal  of  vaccination,  w 
the  differentiation   made  by  small-pox  was  equally  sharp  aitd   dii 

>  Tlie  CAM*  tind«r  flro  yMirs  hiw  not  hvcn  cxclti<tct]  fmni  tH«e  Bfcure*^  bccma 
ftllocatinn  through  tb«  vuious  fortiiiKlit»  would  have  k>cui  dtftirulL,  and  thuir  InchoitaiJ 
tmimpurtftDL     In  tbe  1900-1901   port  of  the  oiitl>r«ftk  tlit-M-  uuinhenut  00,  Si 
(iDcIntUng  30  cues  occonisg  uuder  oue  year)  wen  tuiVKceuiatcd  priiurUy. 
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lite.      The  two  differentiationa  ooincidefl   from   beginning  to   end. 

diseiise  passed  by  the  recently  vaccinated  and  found  all  its  Wctims 
ng  the  unprotecte<l  population.     It  went  from  door  to  door  like  a 

collector  taking  his  dues  only  from  those  who  hiid  not  accepted  the 
:od  relief. 

Small -poz  UospUal  Nurses. — AVhile  this  Glasgow  population  wasj 
ng  to  it«  housing  arrangements,  exceptionally  exposed  to  small-pox, 
!«  occur  erery  now  and  then  conditions  which  furnish  even  a  severer 
.  No  opportunities  for  infection  are  comparable  with  those  of  the 
f  of  fimali-pox  hospitals.  The  nui-ses  live  in  a  conaUint  utmoHphero  of 
ction.  Their  duties  with  regard  to  nursing  and  clcjinsing  of  patiente, 
aing  of  facial  eruptions,  removing  of  soiled  bedding,  and  other  such 
ine  work,  subject  them  to  unetpmllcd  risks  of  infection.  The 
sties  with  regard  to  thoir  resistance  to  uttaok  by  the  disease  are  now 

known,  and  Bome  of  them  will  be  noted  here. 

At  Homerton  Hospital,  in  1871-1^*77,  360  persons  were  employed, 
but  one  was  revaccinatcd,  tind  she  was  the  only  one  who  took 
J-pox.  In  the  suiull-ixix  hospitiil-ships  of  the  MetropoIiUm  Asylums 
rd  in  the  twelve  years  1884-1^95,  the  numl>er  of  attendant*  varied 
»  below  50  to  upwards  of  300,  and  in  only  three  of  the  twelve  years 
'•  there  any  cises  of  small-pox.  The  toUd  c^iues  in  the  twelve  years 
a  12.  In  one  of  the  13  the  disejise  appeared  \*ithiu  three  days 
ler  entering  the  hospital,  in  another  within  nine  days,  in  \  others 
un  ten  days,  and  in  I  others  within  twelve  to  fifteen  days.  The 
imiasion  state  that  *'none  of  the  recorded  cases  appear  to  have  been 
.ccinated  successfully  prior  to  the  period  of  inculwition  of  the  small- 
though  the  opemtion  was  in  all  cases  attempted  shortly  after 
ing."  During  the  Lonrlon  epidemic  of  1901-'J  the  Bmall-p«ix  staff  of 
Afiylums  Board  consisted  of  974  persona,  494  of  these  being  nursea. 
7  2  took  small-pox,  and  I  of  these  had  not  been  revaccinate*!  because 
had  had  Buirdl-pox  previously.  In  the  Highgate  Small-pox  Hospital 
ng  sixty  years,  beginning  1 836,  the  only  member  of  the  staff  attacked 
imall-pox  ^vas  a  gardener.  Of  137  nurses  and  attenilanti  since  May 
3,  30  hail  had  small-pox  previous  to  entering  the  service.  All  the 
r»  wore  revaccinated  with  one  exception,  and  he  was  the  ganlener 

took  the  disease. 

In  the  Sheffield  hospiUls  in  the  year  ending  Slst  March  1888  there 
)  1798  cases  of  small-pox.  There  were  161  attendants,  etc.,  of 
m  18  had  had  small-pox  previously  and  escaped  attack,  63  had  been 
inated  in  infancy,  and  6  of  these  were  attacked  and  1  died.  The 
r  80  were  successfully  revaccinated,  and  all  escaped  the  disease. 
In  Leicester  in  1802-93,  owing  no  doubt  to  the  popularity  of  anti- 
ination,  some  of  the  nurses  refused  vaccination.  The  staff  consisted 
:0  persons,  of  whom  14  had  had  small-pox  or  been  revaccinated 
re  the  small-pox  outbreak,  and  20  were  revaccinated  at  the  time. 
ing  theae  34  one  mild  case  occurred  in  a  nurse  who  had  been 
ccinatod  ten  years  previously.    Six  of  tbe  nurses  refused  revacciDation, 


mid  5  of  these  took  the  diecHae,  one  of  the  attucks  being  fatal 
sixth  u-ho  escaped  was  the  mntron,  who  had  leas  intimate  relation  In 
nursing  of  the  ptttienls.     Suiall-p*ix  returned  to  Leic^fiter  in  11*0X4. 
there  wjus  by  that  lime  no  material  for  an  exactly  similar  control  e: 
mont.     The  resident  stuff  was  74.      ^Vll  excepting  3,  who  hiid  alI^^ 
had  small-pox,  had  been  recently  vaccinated,  and  all  escApod  the  diw**. 

Yet   the    hosplu-d   diil   famish   a   control    experiment.      Two  rrr-' 

temi>orarily  employed  at  it  were  not  revaccinated,  and  lK)th   toi>l^ 
[Kjx,  though   thoy  were  never  in  the  wards.     The  niedic;tl  officer 
into  thu  waids  his  own  raccinated  children  and  had  tbcm  photo. 
at  the  bedside  of  a  smalt-pox  patient. 

In  (rlasgow  230  workmen  were  employed  at  Belvidcrc  in  1503 
extending  the  small-pox  hospital  accommodation.  Of  these,  211  vert 
successfully  revaccinated,  and  13  refused  or  were  posaed  over.  Not  u» 
of  the  217  took  smallpox,  but  5  of  the  13  were  attacked  and  1  dini 

Still  another  control  experiment  as  regards  the  infectivity  of  esuII 
pox  and  the  power  of  vaccination  t<>  re8i!>t  it  is  to  be  found  wh^rc,  u 
occasionally  happens,  a  mollicr  with  a  baby  at  the  breast  ha»  lo  U 
admitted  to  hospital,  and  where  there  is  no  one  at  home  to  nnrsr  Uit 
child.  In  Stirlingshire  recently  I  bad  experience  of  two  Buch  qm« 
The  infants  were  vatciuated  before  admission.  They  lived  and 
nursed  in  the  small  pox  war<l  and  came  away  unharmed.  Similulj 
the  recent  r)ew8huiy  epidemic  t^r.  M.iynard  .iVshcroft  writes  that  "^tl 
was  a  considerable  number  of  children  and  infants,  wlio.  thuu^tti 
themselves  suffering  from  the  dise;iso,  were  admitted  to  the  bospiu-' 
because  the  houses  they  lived  in  had  to  be  clo6e<l  owing  to  the  puvnu 
being  stiickon  ^vith  small-pox,  or  l>ocatLse  the  mother  could  not  loavr  ibl 
infant  at  home;  these  children  were  efficiently  vacciiuit^d.  and  ne^erui 
any  single  case  did  thoy  shew  the  sli^rhtest  trace  of  small  jiox,  anJ  jrdi 
they  were  daily  in  contact  with  and  living  amongst  jwi^nns  KUtTer 
from  the  disease,  often  in  its  must  severe  forms  and  in  all  stages. 

It  has  l>oen   suggested   thut  the  remarkable  immunity  of  sinaII-{ 
nurses  to  infection  is  due  to  their  being  in  some  wav  accustonicd  to 
sejisoned  ag.-iinst  the  disease,  but  that  cannot  be  alleged  regardinv  th^ 
children,  and  there  is  no  meaning  in  such  a  statement  with  refer' 
the  nurses.     They  are  not  in  any  way  seasoned  aguint^t  snmll  y- 
thoy  first  begin  to  uurse  it.     The  Leicester  nurses  who  refuscti  ' 
tion  were  duly  attjickud  by  small-jiox,  ami  the  other  exceptions  ih.*^  - 
time  to  time  occur  are  utmoBt  invariably  illustrations  of  the  fact  iJui  i 
rcvaccination  is  neglected  there  is  no  immunity  from  seizure. 

At  Sidford,  during  the  epidemic  of  1903,  Mr.  .MuUeu,  the  modiwi 
superintendent,  rejwrts  that  **  with  very  few  exceptions  all  the  nursinfl 
st;iff  of  the  Ludywoll  Sjinatoriitm,  all  of  whom  were  succeMfully  i* 
vacciiuitcd,  were  affonled  the  opportunity  of  abiding  to  their  expcri<di* 
by  being  detailed  in  turn  for  attenilance  ou  small  jjox  jiationls.  Not 
of  the  st*ff  contracted  the  disease." 

The  same  experience  may  be  Uliuti*ated  otherwise.     If  tfao 
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sdoug  Ui  u  bardoned  class  rendered  indifferent  by  custom,  und  if  ihat 
jondilioti  aO'oi'ds  ihum  protection  it  should  protect  them  Hiwilarly  with 
*egard  to  other  infectious  diseases ;  hut  regarding  Uometlon  Hospital, 
[>r.  Collie,  the  late  medical  superintendent,  stated  that  "  the  only  way  in 
irhich  nurses  become  Heasoiied  against  fever  is  by  taldiig  the  disense." 

Sir  Kichard  Tliorrie  in  his  evidence  Ijefore  the  Koviil  Comniission 
Muntod  out  that  when  typhus  was  in  Newcastle  in  18S2  only  5  of  14 
lurses  escaped  attack,  and  that  of  the  attacketl  2  died.  In  Gateshead 
he  experience  was  oven  more  striking,  the  medical  oIHccr  writing  that 
'erery  nurse  who  has  been  more  than  a  fortnight  in  the  typhus  wards  has 
ufTered  from  typhus."  In  the  ten  years  ending  188],  in  the  Homerton, 
itockwell,  and  Liverpool  Komi  Fever  Hospitals,  133  of  the  staff  were 
tcacked  by  variouti  fevers,  and  2'i  died.  The  Ko3'al  Commission  stale 
hat  in  the  Asylums  Boiml  Hospitals  in  lS87-i(5  as  many  !>»  "04  of 
.ttendants  suflercd  from  scarlet  fcvor,  diphtheria,  or  enteric  fever. 

The  evidence  of  the  protective  value  of  vaccination  as  furniehed  by 
he  experience  of  the  staff  of  stnall-jHix  hospitals  is  stronger  than  is 
terhjips  to  be  found  with  regard  to  any  other  subject  in  the  whole 
lomain  uf  medicine,  and  indeed  it  is  infinitely  stronger  than  that  on 
rhich  conclusions  are  l>ased  in  almost  every  other  department  of  science 
Old  of  everydfiy  life. 

Small-pox  after  Revacclnatton. — It  will  be  observed  that  the  most 
inking  evidence  of  the  power  of  revaccination  is  to  be  foiuni  in  the 
►rotection  of  the  adminifltrative  staff  of  smiiil-j)OX  hospitals,  and  of 
hildren  admitted  for  convenience  to  such  hospitals  because  their 
guardians  are  interned  there,  and  of  the  400,000  inhabitants  uf 
Glasgow  who  accepted  vuccination  in  presence  of  an  epidemic.  The  ftict 
omznon  to  nearly  all  these  examples  is  the  recency  of  the  protective 
iperatiou.  Nurses  nre  seldom  allowed  to  go  nior-e  than  ten  years 
without  its  repetition,  especially  in  the  presence  of  an  epidemic.  The 
irotective  power  of  revaccination  is  not  in  all  cases  absolutely  pennanent. 
t  may  safely  be  regarded  :is  of  longer  diu-ution  than  that  of  infantile 
accination,  because  revaccination  is  done  on  a  body  in  which  growth  in 
.pproaching  completion,  and  tissue-change  is  lessening,  whereas  infantile 
'accination  is  performed  on  a  being  only  h  stone  or  two  in  weight,  und 
he  protection  will  become  diluted  and  diminished  in  value  as  development 
trocceds  towards  manhood.  No  doubt  in  Germany  a  fraction  of  the  popula- 
ion  i»  susceptible  to  small-pox  infection,  but  the  vaccinal  condition  of  the 
mpire  as  a  whole  is  such  that  small-pox  can  hardly  over  find  a  footing. 
Tie  susceptible  are  surroiuided  by  a  ctjrdon  of  millions  of  insusceptible 
eople,  and  infection  cjinnot  reach  them.  The  diiseasc  api>cars  from  time 
0  time  near  the  borders,  where  there  is  constant  intercourse  with  less 
accinated  countries^ — -Kussia,  Austria,  and  France — but  so  introduced, 
:.  fails  tA  inv.'ule  Ccrmany.  It  dies  out  like  fire  applied  to  damp  grass. 
•o  it  is  with  regard,  say,  to  our  own  army.  As  alrejvdy  noted,  rovatcination 
f  soldiers  appejira  not  to  bo  carried  out  so  thoroughly  as  it  might  Iw,  but 
he  furces  in  this  country  have  leas  opportunity  of  infection  than  in  India 
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itAtion  al  home  protect  ]X)stnieu  goin}*  from  door  to  door  day  after  day  iu 
isfectc^  di«tricL»  ?  In  Leicester,  how  could  sauitation  uccoimt  for  the  revaccittattd 
nurses  escaping  amall-pox  and  the  nurses  who  had  n;fust:d  revaccmuUuii  taking 
•mall-pox'/  Uow  could  sanitation  cause  small- pox  tu  pa&a  uver  vaccinated 
children  and  seize  on  uuvaccinated  children  iu  houses  iavadeil  by  ttiimll-pox 
in  iK'Wshury,  Leicester,  and  (Jloucester  /  Huw  can  aanitaliou  have  cdut<;ed  the 
£ilAlity  of  siiiall-pox  cases  to  lie  m\ich  less  aiiiong  the  vaccinated  Ihuu  among 
ihv  unvacrinatt'd  in  these  lovrusj  es|>t:cially  if  vaccinutittii  wejikens  the  system, 
and  niakta  it  Ick-h  i-esistJiiiL  tu  diseaBf,  a^  is  allegttd  by  anti-vitccinationiRts  1  Uow 
could  luinitjition  caiitte  childrtfii  uitli  three  or  four  vaccination  maiks  to  have  u 
leas  fatality  from  linmlt-imx  than  children  with  <:>ne  or  two  vaccination  market 
In  Glasgow,  while  Kinitatiun  was  going  from  bad  to  w<)rBe  in  the  rarly  part  of  the 
[1 9th  I  eentury,  vaccination  wat<  intrmluced  and  sniall-pox  uiiderwcntan  enormuus 
tliminutiun,  Cliimgh  hoBpitalfl  and  isohition  and  disinfection  were  entirely  out  of 
the  question.  In  Gloucester,  vaccination  had  lieen  neglected,  and  in  1891  Ihe 
Secretary  to  the  Anti- Vaccination  League  declared  to  the  Koyal  Commission  that 
Olouceeter  was  a  vt*ry  clean  town,  and  had  always  been  well  abreast  of  sanitary 
improvements,  and  that  its  death-rate  was  ver^*  low.  The  Board  of  (Juatdiiuis 
also  wrote  to  the  Comiuission  on  the  same  lines.  But  suialt-pox  came,  ami  the 
town  suffered  from  a  terrible  epidemic,  and  ever  since  then  the  onti-vaccinationisld 
Itavc  been  decUiritig  thai  there  wus  u  great  want  of  sanitation  iu  Gloucester. 
What  woA  wmitiug  was  vnceiitation. 

For  convenience  tlie  KegiAlrar-Oenenil  many  yearn  ago  grouped  together 
places  wh<.i0e  di'ath-rule  w-af  low,  and  classilied  them  lut  "healthy  districts." 
They  were  nearly  all  found  tn  be  sparsely  populate*!  rural  districts,  where, 
though  ht'uses  may  be  damjt  and  overcrowded,  and  other  insanitary  con<Utious 
juevail,  there  is  little  opportunity  for  infection.  In  such  places,  in  spite  of  ba<l 
■fcitation,  there  is  a  lower  death-rate  than  in  towns,  because,  independently  of 
wiitary  effort,  the  atmosphere  is  purer.  Also  there  is  less  small-pox,  and 
it  comcfl  at  a  later  average  age,  because  there  is  lest>  facility  fur  spread  of 
infection  on  account  of  the  Rmulluess  of  the  iX)pulation  and  the  distance  of  houxe 
fat>m  house  aud  village  from  village.  In  such  eircumittaiices,  though  there  is 
little  sauitary  effort,  there  is  little  small-jjox,  and  unvuccinated  jwrnons  have  a 
better  chance  of  escaping  ttmall-jKix  attack  iJiaii  they  have  iu  Large  towns  where 

lary  armngements  are  more  elaborate. 
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The  Control  of  Suali.-cox  in  Britain 


T  have  now,  as  I  believe,  proved  that  vaccination  can  prevoni  small- 
pox, and  that,  in  fact,  it  is  responsible  for  the  remarkable  (limimition  in 
tho  prevalence  of  the  disease  now  as  compared  with  pre-vaccination 
times.  In  view  of  the  attitudv  of  the  legislature  in  this  country  towards 
the  whole  anioject  of  vaccination  and  revaecinatinn,  a  very  ini|Hirtaiit 
practical  question  remains,  namely,  how  we  can  best  deal  with  small-pox 
ill  tt  country  where  primary  vaccination  is  to  a  ^^i-eat  extent  optional, 
and  where  re  vaccination  is,  except  in  certain  pul>lic  services,  entirely 
optional. 

It  was  my  purpose  to  proceed  to  discussion  of  this  very  important 
flubjecU   including  consideration   of   the   value   of   hospital   isolation   of 
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DombftC  the  efforts  of  those  who  held  that  the  disease  never  originated 
j^oiitaneously,  aiid  ou^ht  to  he  oppused  \>y  maisures  calculHt«d  to  stamp 
it  out. 

From  the  period  of  its  introduction  till  186fi  footrand-inouth  disease 
was  never  absuiit  from  Great  Britain  ;  but  by  the  end  of  the  bitter  year, 
apj^Kircntly  owin^  to  the  o]>enilion  of  the  measures  directed  a^^iiiist  o^ittle 
plague,  this  country  was  nearly  free  from  the  diseafio.  The  next  few 
years,  however,  saw  an  alarming  recrudestence  of  the  plague  ;  and  in  1 870 
and  1871  over  n  million  animals  were  reported  to  have  been  attaelccd 
"by  it.  The  Contagious  Diseases  (Animals)  Act  came  into  force  in  1879, 
and  the  rejiresaivi'  me^wures  which  it  introduced  h.-wl  almoBt  enidicatcil 
foot-and-mouth  disca-se  l>v  the  end  of  the  following  year.  Unfortunately, 
during  1880  it  began  again  to  spread  ;  and  in  1883  nearly  half  a  million 
animals  were  reporteti  to  have  been  attacked.  After  that  date  it  gindu 
ally  declined,  until  in  18HG  only  one  outbreak  waa  rejwrtod.  For  the 
following  six  years  the  British  Islands  were  free  from  f 00 trand -mouth 
diseafie  ;  but  in  Febmary  181*2  the  discJise  w;ts  dificovei-ed  among  nome 
Danish  oxen  in  the  Metrop(^»litan  Cattle  Market.  N()tT\'ithstanding  the 
utmost  vigibince  of  the  Board  of  Agriculture  this  prov«l  the  starting  point 
of  an  epizootic  duiing  which,  in  England  anfl  Scotland,  5267  animals 
were  attacked.  Rigorous  isolation,  supplemented  in  some  cases  by 
slaughter  of  the  affecte«l  animals  and  of  those  that  had  been  exposwi  to 
the  contagion,  had  the  etTect  of  exterminating  the  vliisejLse  by  'Inne  1892. 

Since  1^92  the  im|)ortatiori  of  live  cattle  from  countries  in  which 
foot-and-mouth  disease  exists  has  been  prohibited;  but,  nevertheless, 
since  that  date  the  eoimtry  has  thrice  been  invaded  by  the  disciise.  On 
the  first  of  these  occasions  the  disease  apjicared  on  .Tanuaiy  1,  IH93 
in  A  Tendon  cowhouse,  and  six  weeks  later  on  a  farm  near  Hastings. 
The  London  outbreak  was  suppressed  by  the  i)rompt  slaughter  of  nil  the 
cattle  on  the  premises  ;  and  in  the  Hastings  outbrejik  t^triet  isolation 
sufficed  to  prevent  the  sprejid  of  the  disease.  The  next  \-isitation 
occurred  in  lyBJ,  but  it  was  liuiitod  to  three  outbreaks,  in  which  26S 
ariinuils  were  attjickcd.  The  last  visitation  l>egan  in  January  1 900,  and 
terminated  in  April  IC)0]  ;  it  comprised  33  outbreaks,  in  which  935 
animals  Mere  attjukeii. 

In  none  of  these  recent  visitations  was  the  aource  of  the  dise^ise  traced, 
though  there  can  hardly  be  any  doubt  that  the  contagium  was  in  some 
manner  brought  from  the  Continent^  on  which  the  flise;ise  then  existed  at 
various  ])oint»  optwisito  Great  Britain.  None  of  the  circurastiinces  brought 
to  light  by  the  inquiries  institutwl  by  the  Board  of  Agiicidture  made  it 
appear  proliablo  that  the  vinis  hiwl  been  introduced  in  im|»ortcd  straw, 
hay,  or  hides,  or  adhering  to  the  clothes  or  persons  of  htmutn  l>eings, 
and,  on  the  other  hand,  it  is  scarcely  conceivable  that  the  contaginni  can 
liave  been  carried  across  the  North  Se;i  in  the  air.  In  thii^  conntixion  it 
is  a  noteworthy  circumst^ince  that,  in  spite  of  the  8US]>en.<non  of  cattle 
traffic,  the  disease  has  on  several  occasions  broken  out  in  Denmark  when 
it  prevailed  in  (fermany,  and  Bang  uf  Copenhagen   hat>  suggested  as  a 


animals  is  nearly  always  effectual  in  provcnting  the  spread  of  the 

In  the  cases  which  apjiear  to  constitute  exceptions  to  this  nilo, 

DTo  prohal)Io  that  the  contapnni   has   been  cirriwl   by  some  iin- 

I  intermediate  agent   (human   beings,  dogs,  birds,  hares,  rabbits, 

kn  that  it  was  airborne. 

lustration  of  the  eiiAe  with  which  the  infection  of  this  disease 

spitjad    by   intermediary   bearers,   the   following   case   nnty   be 

-ifonsert^  a  Gennan  veterinary  surgeon,  \asited  a  byre  in  which 

mouth  disease  existed,  and  remained  in  it  for  about  t«M>  miiuites. 

rs  afterwards,  h;iving  changed  his  hat  and  coat,  and  wjishe4l  his 

th  soap  and  wjiter,  he  sUirted  to  n)al<e  another  visit,  and  drovv 

hour  and  a  half  in  im  open  conveyance.     Having  arrived  at  his 

ion  he  performed  an  operation  on  the  eye  of  a  cow.     Eight  days 

pds  the  cow  shewed   symptoms  of  foot*and-n)oiith   tliseaue,   und 

lew  days  all   ihe  other  cattle  on  the  premises  were  atfocted. 

the  first  outliroak  in  the  neighbourhood,  and  Geiisert,  therefore, 

doubt  that,  be  had  carninj  the  conUigium  on  his  clothes. 

0  preceding  paragrajihs  the  terms  vims  and  contagitim  have 

to  desigmite  the  causal  agent  of  foot-and-mouth  disease,  but 

t  nature  and  form  of  this  agent  are  still  matters  of  dispute. 

rioiofftj. — Klein,   Schottelius,   Bchla,  Kurth,  and  others  have  at 

times  described  bacteria  or  other  microscopic  organisms  which 

id  in  the  lesions  or  in  the  blood  of  aflectefl  animals,  and   which 

.d  to  be  the  cause  of  the  diECJisc.     All  such  clainis,  however,  have 

nitely  set  at  rest  by  the  researches  of  LofHer  and  Froscb,  who  in 

iscovered  that  the  lluid  taken   from   a  foot-and-mouth   tliseafie 

when  largely  diluted  with  water  and  passed  through  a  Bcrkefold 

ill  retains  its  virulence.     The  tiltrate  thus  obtjiined  is  free  from 

rticles  un<ler  the   highest  powers  of  the  niici*osco|K%  and  the 

foot-and-mouth    disease    therefore    belongs    to    the   class  of 

"  lUtra- visible  ^^^uses"  {vide  p.  168).      Like  all  the  other  viruses 

me  kind  at  present  known,  it  is  not  only  invisible  bnt  also  nn- 

c  by  any  arti^cial  meauB  hithert^i  employed. 

ologrical  Anatomy. — The  characteristic  lesion  of  foot-and-mouth 

16  a  vesicular  eruption  ;  and,  as  the  name  expresses,  the  feet  and 

th  are  the  main  seats  of  election  of    the  eruption.      In  milr-h 

cles  not  infrequently  form  on  the  skin  of  the  teats  and  mlder ; 

iunally  the  eniption  appears  in  other  situations,  such  as  the 

the  nostrils,  the  skin  of  the  vidva  and  perineum,  or  the  mucous 

e  of  the  throat,  gtdlet,  stomachs,  or  intestines.     The  !o<vdiKa- 

the  lesions  in  the  mouth  or  feet  is  in  no  way  ascnbable  to  the 

of   infection,    though    this  hjis  been  asserted  by  some  authors. 

infected  by  way  of  the  alimentary  cauial  may  have  an  eruj)- 

the  feet  as  well  as  in  the  month  ;    and  an  eruption    in    both 

situations  may  follow  infection  by  inoculation  at  any  pait  of  the 


e  mouth  the  vesicles  may  form  on    any  part  of   the  mucous 
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or  less  constipated,  and  in  milch  cows  the  secretiou  of  milk  is  greatly 
inished  or  ulmosl  atresbed. 

These  symptoma  in  moderato  cases  last  ^nth  little  or  uo  flmcliora- 
inn  for  nearly  a  week,  durinji;  which  time  the  animal  rupidly  loses 
>>iH]ition.  At  tlio  eiui  of  that  time  th«  fover  Iwgins  to  8ul>sidu,  and 
e  pangs  of  hunger  compel  it  to  attempt  maBticjition  if  succulent  gniss 
other  soft  food  is  to  l)e  had.  The  tenderness  of  the  feet  gradually 
tclines al»<K  and  in  uncomplicated ca»ea  uf  moderatu  sdverity  all  the  visible 
Bkuiifefitatioas  of  the  disease  have  disappeared  within  ton  or  fourteen  days 
kftar  the  onset.  In  younj;  animals,  libemlly  fed,  the  former  good  rondi- 
ion  is  usually  rapidly  regained  after  an  attack  of  foot-iind-mouih 
disease ;  but  complete  recovery  is  much  slower  in  older  animals,  and 
jurticnlarly  in  milch  cows. 

The  symptoms  in  sheep  are  generally  somewhat  different  from  those 
just  described,  inasmuch  as  in  them  the  mouth-lesions  are  frequently 
ifight,  while  thoHti  of  rhe  feet  are  constant  and  severe.  Thus,  the 
thief  symptom  is  great  lameness,  associated  at  the  onts<;t  with  sus- 
t»ion  of  rumination,  refusal  of  food,  and  febrile  disturlHince.  The 
in  in  the  feet  is  so  great  that  the  animal  is  unable  to  gather  its  foofl, 
d  lies  persistently,  with  consequent  rapid  loss  of  condition.  The 
in  the  feet  are  much  aggravated  if  the  sheep  be  driven  long 
istnnws  on  hard  roads,  and  in  sucfi  circumstances  "casting  of  the  hoof" 
frequently  results. 

i  In  pigs,  as  in  sheep,  the  feet  symptoms  predominate.  The  animals 
l«  persistently  in  their  litter,  and  when  forced  to  move  they  frwjuently 
l([aeal  fi-om  the  pain  in  their  feet. 

Tpansmissiblllty  to  Man. — That  the  human  subject  may  contract 
^traud-niouth  disease  is  pi^oved  b}'  many  well-atteisted  cases,  of  which  a 
kw  may  here  be  cited. 

I  Aa  early  as  I  $34  three  German  veterinary  surgeons  made  thomsclvos 
lie  subjects  of  an  experiment  in  which  each  of  them  drank  daily 
bbout  a  quart  of  milk  from  cows  alfected  with  foot-and-mouth  disease. 
^n  the  second  day  of  the  experiment  premonitory  symptoms,  in 
he  shape  of  fever,  headache,  and  itching  uf  the  hands  and  fingers 
rere  manifested  in  one  of  them.  Five  daj's  later  a  vesicular  eruption 
Drmcd  on  the  mucous  membrane  of  the  tongue,  cheeks,  and  lips,  and  on 
be  skin  of  the  hands  and  fingers.  The  other  two  experimenters  were 
[milarly  attJiekcd,  save  that  the  eruption  was  confined  to  the  mouth. 

In  this  country  numerous  cases  of  the  transmission  of  the  disease 
rore  noted  by  veterinary  surgeons  <hiring  the  first  few  years  after  its 
Dtroduction.  In  most  of  these  coses  infection  took  place  by  means  of 
IliLk  from  affected  cowh,  but  instances  of  infection  by  inocidation  were 
Iso  obnerved.  One  of  the  most  interesting  of  these  is  recorde<l  in  the 
f«fennam«  for  1831  (p.  l.")2).  The  patient  was  a  farmer  who  had 
Bjured  one  of  his  fingers  in  drenching  a  cow  .suffering  from  foot  and- 
Bouth  disease.  The  uouinl  took  on  an  unhealthy  action,  and  after  some 
ys  ho  was  taken   ill  with  a  cold  shivoring-fit     This   occurred  in   the 


evening,  and  by  the  following  morniDg  the  cold  fit  hud  been  succMdiri 
by  fever.  Twenty-fonr  hours  later  an  offensive  liiacharge  from  the  nw 
set  iu,  and  veiiicles  formed  on  the  gums  and  tongue  In  the  ant 
journal  for  1842  {p.  93),  a  correspondent  states  Uiat  hn  ud 
all  hi:^  family  and  domestica  were  attacked  on  the  li|»  and  m  tk 
niuulh  in  eon3ef|uence  of  using  the  milk  of  his  dLscaaed  cowa.  IV 
fessor  Clifford  AUbutt  infonna  me  that  during  the  epidemic  ■ 
he  was  called  to  a  country  house  in  Yorkshire  to  see  three  sick  n- 
in  whom  be  was  able  at  once  to  diagnose  footr^nd-mouth  diacMC.  1W 
disease,  so  far  as  he  remembora,  was  in  the  mouths  of  the  patienU  onlj, 
but  he  did  not  see  the  patients  again.  The  presence  of  this  di*cix  a 
the  district  was  ascertained,  untl  the  milk  consumed  by  the  childrrti  cgnne 
from  neighbouring  farms,  where  ample  sources  of  infection  exiiKi!  Hp 
heanl  tliat  the  chtlfh*en  made  u  gooil  recovery.  After  the  diuLi 
theau  cases  some  othei-s  were  reported  to  him  by  medical  men  in  l:..  i- 
district.     All  seemed  to  be  of  a  comparatively  mild  character. 

During  the  German  epizootic  of  1892  numerous  instjuim  (^ 
transmission  of  the  disease  to  bimian  beings  by  means  of  milk  wm 
repoited.  In  a  considerable  number  of  cases  milkmaids  cnntnMled  (> 
fliseiise  through  inoculation  of  the  hands  in  the  act  of  niitkitig ;  sat!  m 
one  such  instance  vesicles  formed  on  the  breasta  aa  well  as  on  liie  hAi)ii> 
Many  persons  %rho  had  to  handle  or  attend  to  diseased  cattle  comtrvU) 
the  affection  by  bringing  their  dirty  lingers  into  contact  with  theUp*^  A 
shepherd  was  infected  by  holding  in  his  mouth  the  knife  which  be  iuti 
usefl  to  pare  the  feet  of  diseased  sheep.  A  veterinary  surgeon  who  con 
tracteil  the  disease  hml  from  30  to  40  vesicles  on  his  hoods;  aoAi 
workman  who  had  to  dress  the  feet  of  diseased  cows  had,  bcfldfli  M 
extensive  eruption  on  both  hands,  a  severe  inflammation  of  the 
junetivu'.  A  child  of  a  year  old,  which  hail  consume*!  milk  from 
cows,  sickened  with  fever  and  gastric  disturl«uice,  followed  by  the 
tion  of  vesicles  on  the  lips  and  tongue  and  between  the  finger*  .. 

The  following  two  cases  rihew  that  the  virus  may  retain  it^ 
in  butter : — 

On  the  18th  of  November  1 890  a  veterinary  student  in  Berlin  I. - 
t<>  him  by  his  brother-in-law  a  packet  of  fresh  butter  made  from  thr  mi^ 
of  cows  suffering  fi-om  f<x>t-and-mouth  disease.  On  the  following  fUy 
he  ate  somo  of  the  butter  for  the  first  time.  During  the  next  niglit  h 
was  feverish,  and  on  the  morning  of  the  10th  he  found  his  lower  lip  nd, 
swollen,  an<l  iiompletcly  covered  with  vesicles  as  far  iis  the  chin.  The 
vesicles  wore  somewliat  itchy.  Subsequently  vesicles  formed  on  lk« 
tongue  and  on  the  right  ear.  D\iring  the  first  eight  day»  the  jutftnil 
and  sublingual  salivary  glands  were  slightly  swollen,  and  the  amount  ^i 
the  salivary  secretion  was  inci-eased. 

In  1^92  a  German  clergyman  became  affecte*!  aft^r  consuminR  hvXUt 
made  from  the  milk  of  his  own  cows,  which  were  suffering  at  the  liow 
from  foot-and-mouth  disease.  The  disease  was  nshei'ed  in  by  6li|^ 
rigors,  diarrha?a,  and  itchiness  of  the  skin  ;  and  on  the  third  day  nnroertw* 
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>rmefl  in  the  moiitb,  »n<I  on   tne   face,  neck,  )>i-(!^u<t,  and   nrmfl. 
jniption  hoaled  up  at  the  ond  of  ten  days, 
is  not  improbable  that  some  outbreaks  of  so-called  "stomatitis 
leimlemica  "  in  mankind  may  turn  out  to  be  foot-anri-moiuh  diRease ;   .-ind 
iin  nil  c'lLses  of  such  a  character  careful  inquiry  should  be  made  into  the 
ibllitv  of  the  infection. 

J.  M'Kadyean. 
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HYDROPHOBIA 
By  Prof.  G.  Siji«  Wooiihead,  M.D. 

Synonyms — BaUes  (in  animals);  Lat.  Ia/sm;  Ft.  La  rage; 
Ger.  HundavrtUhy  Wmsenche^  ToUimUh, 

IIydkopiiouia,  like  glandere,  is  a  disease  usually  cuntraeted  by  man 
ttirou<;h  infection  from  one  of  the  lowur  animals.  It  is  then  associated 
irith  an  injury,  such  as  the  bite  of  a  dog,  and  lliu  intKUilation  of  the  broken 
Hirface  with  the  saliva  of  jin  animal  affected  with  declared  or  latent  rabies, 
rhis  ia  the  so-called  rabies  of  the  streets  :  wolves,  cats,  foxes,  horses,  cows. 
Mid  deer  may  also  c<jiitract  the  disease  :  monkeys,  rabbits,  and  guinoo- 

»arc  all  inoculable  with  it,  as  indeed  are  alt  warm  bIoodc<I  animals. 
Ve  have  information  concerning  rabies  as  early  as  the  Hfth  century 
Democritus  of  Altdera  then  described  it  as  an  inflammation  of  the 
Ses,  resembling  tetanus,  in  so  far  that  it  was  accompanicrl  by  severe 
Dodic  contractions  of  certain  muscle*.  Xenophon  and  Aristotle  both 
'  to  this  di.aejise,  the  latter  noting  that  it  is  transmitted  from  one 
Miimal  to  another  by  a  bite.  Keirle  notes  that  Ovid  mentions  it,  as  do 
lUo  Virgil,  Hurace,  and  Celsus  ;  the  latter  speaking  of  it  aa  "a  miserable 
irind  of  disease,  in  which  the  sick  man  is  at  the  same  time  tormented  by 
Iread  of  food  and  water,  in  which  condition  hope  is  reduced  to  a  narrow 
poiit.'*  Plutarch,  in  the  first  century  A.n.,  and  Galen,  A.D.  131,  Iwth 
mention  it,  the  latter  describing  it  as  "the  woi-st  of  all  disciiscs." 
Coming  down  to  the  Aliddle  Ages,  the  various  authorities  added  little  to 
^ir  knowledge  of  rabies  or  hydrophobia  \  but  in  1709  Boerhaave,  and  iu 


1771  \*an  Swieten,  commuiiceil  a  new  era  of  olmen'at.iun.  The 
Author,  ill  hi»  f 'ommrMfma,  draws  attention  to  the  pain  tluit  occurs  ni 
bite  as  u  premunilory  Kyuiptom,  dt'iicribing  it  in  corUiiu  aisM  aa  Ukeani 
roilijiting  iilong  ih«  nervo.  Further,  he  duscrilxw  a  wise  of  bydivpl 
in  miin,  and  records  that  death  was  not  preceded  by  coDvuUitAii 
struggles,  but  appeared  tr>  be  the  result  of  a  general  pitralystis. 
and  Bouchet,  in  IS!3,  induced  rabies  in  dogs  by  inoculating  ihrm 
the  saliva  of  a  juitieut  autfcring  from  hydrophobia;  this  w&s  rt;|KaUill 
Iteyuault,  In  1^20  Alarochetti  noted  the  occurrence  of  small  o«li 
or  vesicular  pustules  on  the  un<ler  Kurface  of  the  tongue,  juht  at  ibc 
ings  of  the  salivary  glands  ;  these  appeared  from  tlie  third  to  ttio 
day  after  the  bir^ ;  he  stated  that  if  these  little  no<)ules  wenc 
and  caiitcnitcfi  with  a  red-hot  needle  within  twenty-four  hours  and 
gargles  wei-e  iised,  the  patient  might  recover, — thirty-eight  of  bi» 
having  been  cured  by  this  procedure;  while  if  not  so  trfatul,  ik 
.poison  oontained  in  them  was  rc-ahsorbed  and  the  {Kitiont  died.  Mocp^ 
however,  vrva  not  satisfied  that  these  results  had  been  obtained  Tk 
notion  of  the  sjtoutaneous  development  of  rabies  iti  m;in  was  voryoarij 
scouted,  but  the  s[»oiitancous  evolution  of  the  discjise  in  the  dug  iru 
iiecepted  up  U>  a  comparatively  recent  date.  It  is  now  rejectoJ  by  ill 
who  have  had  any  ex{K*rience  of  the  disease.  Virchow  had  n<j  doubt  uit 
the  subject  in  1.S55,  but  it  was  then  known  that  the  saliva  or  the  ucrroiu 
tissues  of  a  rabid  anim;il  injected  h_vix>dermically  %va8  capable  of  pr^ 
pagatin^'  rabies  from  man  to  the  hiwer  animaU  and  from  oiio  antnuJ  lo 
another. 

It  has  been  stAted  that  no  land  or  country  is  free  from  hydrops 
but  it  is  intereating  to  note  that  in  the  United  Ringrlom  hotw«a(i 
years   1S99-1904  there  have  been  only  two  cases  of  hydrophobia  in 
hunum  subject.    Both  of  these  oe<:urred  in  the  year  1902,  one  in  IvtMidoi, 
other  in  L-arrnai  thenshirc.    This  immunity  is,  in  ail  probaliilit y,  the  result ' 
the  cjueful  application  of  the  niuz/Jing  order  and  o!  the  rigid  IireM«ingU« 
concerning  dogs.    Between  the  years  1889  and  1898  there  were  104d«atitt 
from  hydrophobia,  30  of   these   in  1889  and  20  in  1895.      In  I*<i>6 
nutulMTs  had  fallen  to  H,  in  1897  to  6,  in  1898  to  2,  and  uf  the  foil 
six  years,  as  wa  have  noted,  five  were  entirely  free  from  death  from 
dise:is(.i, — H  most  witisfactory  state  of  atfairs.     In  other  countries,  boi 
the  canipiiign  agjunst  the  disease  has  not  Imen  nearly  so  sue* 
on  the  Continent  and  in  America  much   work   is  alill   Ijcing 
hydrophobiii,    especially  in   relation   to   itft  diagnosiH  and   treatment 
am'mals.     It  is  for  this  mason  that  we  have  ti>  refer  to  tho  worka*] 
these  countries  for  most  of  the  recent  observations  on  rabies. 

A  much  larger  proportion  of  men  ami  children  arc  affetied  with  hW 
phobia  than  of  women  ;  this  is  undoubtedly  brcaust*  the  Utter,  both 
their  mode  of  life  and  from  the  nature  of  their  clothing,  are  much 
exposed  to  the  bites  of  nibid  dogs. 

In  Great  Britain  and  Ireland  the  disease  is  confined  among 
almost  entirely  to  tbe  carnivont ;  and  though  it  waa  somewhat  rife 
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Ireland,  England,  and  Scotland,  it  ia  now  found  in  certain  districta  only. 
Id  1893,  94  cases  occuned  in  eighteen  counties  »jf  England  atid 
Scotland ;  whilst  in  1BD4  no  fewer  than  248  cose^  of  mbies  in  dogs  were 
reported  :  and  in  1805  there  were  G72  co&ea.  In  addition,  55  other 
aoimaU.  incltidini;  T^  cats,  were  attacked  with  rabies.  In  m93,  46  of  these 
Gue»  euruD  fr>im  Scotland  ;  in  1894,  *J9  ;  and  in  1^95,  4  onlr. 

In  ISOTi  most  of  tlio  wvses  occm'red  in  Yorkshire,  especially  the  West 
}(idin;^  with  itii  308  nibid  dogs  and  30  otber  animals,  including  5  cats, 
iwl  in  Lancashire  (130);  then  follow  after  a  long  interval  Edinburgh  (45 
cises),  Cheshire  (31  cases} ;  and  then  come  London,  the  '""  Homo"  comities, 
Ayrshire,  Lanarkshire,  Duiubartonshii*e,  Hiuits,  Essex,  CoruwJilt,  StaHbt-d, 
iWham.  Northumberland.  Cumberland,  Derbyshire,  Northampton,  War- 
»ick*hire,  Lincobishiio,  XotU,  yaltip,  and  Herefoitl 
Uln  the  metropolitan  district  there  were  in  1889  no  fewer  than  176 
Bl;  in  1890  the  number  of  cjises  had  fallen  to  44,  in  1891  to  28,  and 
ia  1692  to  3  ;  this  fall  corruspondeil  to,  and   wjis  contiuttous  with,  the 

riing  (»f  thi'  muj!/.ling  order.  As  soon  as  the  order  wiwn  ailowetl  to 
a  rise  in  the  nunjlwr  of  cjises  began,  and  continued  mitil  the  order 
ms  reinforced.  Since  that  date  there  has  been  a  steady  fall  in  the 
timilmr  of  ca^^es  amongst  animals,  and  a  eurrespuuding  diminution  in  the 
limber  of  cases  in  the  human  subject. 

Etiolo^ry. — I'he  polsf^n,  whatever  may  be  it«  nature,  is  usually  con- 
dned  in  the  saliva ;  and  as  early  as  the  beginning  of  the  laat  century 
srperimental  rabies  was  producetl  in  the  dog  by  inoculation  with  the 
lUva  of  a  hydrophobic  piitient.  The  toxic  material  apjiears  to  be  excreted 
1  the  s:Uiva  of  the  iwrotid  gland,  and  in  less  degi-ee  by  the  (»tber  Sidivary 
lauds,  the  lacrimal  glands,  the  i>ancreas,  and  the  mamma'  of  rabid 
Dimals.  The  poison  may  also  bn  found  in  the  anprarenals,  and  in  the 
uid  and  substance  of  the  cerebrospinal  nervous  system,  especially  the 
lodulla  oblongata ;  it  is  found  also  in  the  peripheral  nerves,  though  in 
mch  8m;dler  (juantitics  than  in  the  contnd  nervous  system.  It  was 
ctppoaed  at  one  time  Lliat  the  blootl  was  not  infective,  but  Marie  states 
tkat  the  blood,  when  given  in  large  quantities,  may  set  up  infecti'^iri.  The 
Uiva  of  a  dog  ha.-*  been  found  to  contain  the  to.xic  material  three  days 
efore  the  disease  has  manifested  itself. 

That  hydrophobia  is  due  to  some  form  of  organism  possessing  the 
ower  of  multiplying  in  the  tis.sues  ami  of  prfwlucing  a  toxic  substance, 
'hich,  aa  in  the  case  of  tetanus,  api>e:ii's  t«>  act  a|>ecially  upon  the  central 
arvous  system,  can  now  scarcely  l>e  doubted,  and  it  is  [wssible  that  Negri's 

r\  (ruir  p.  822)  constitute  the  vims.  As  in  other  specific  infe«;tive  dis- 
the  virus  is  transmitted  *iircctly  from  animal  to  animal  through  the 
lerlium  of  some  fluid  or  secretion.  In  rabies,  too,  there  is  a  period  of 
iculiAtion,  diu-ing  which  the  poison  ap[>ears  to  increase  in  quantity.  In 
lis  respect  it  is  unlike  snakebite,  after  which  the  sjTaptoms  come  on 
ith  excessive  rapidity.  The  whole  history  of  a  case  of  hydrophobia  so 
lucb  resembles  a  case  of  tetanus  in  all  essential  details,  that,  unlike  as  the 
iro  diseases  are  in  certain  respects,  the  domonstratiou  of  a  microbic  factor 


in  the  one  niiUirally  suggeata  tlie  presence  of  a  similar  Uctor  ia  lb«  o(Mt 
Micrococci  of  vjirious  sizes,  ueroMc  aurl  aniiorobic  in  their  growth,  pr- 
different  jippoamnccs    in    cultures,  and    eiainiiig    by  <liffert?nt  i 
ha\'^e  l>een  associated  with  tliis  dise;ise ;  luit  when  ii    has  e"t 
proof  of  liie  ca\is:il  connexion  of  a  particubr  organism  with  th- 
chain  of  evidence  has  in\'ariably  broken  do^m  at  some  critical  point    Id 
1897  G.  Memnio  announced  that  he  had  obtained  purt?  ciiluirei)  of  a  hh»w 
niycus  from  the  bmiiis  of  six  rabbits  that  had  suceumbed  to  expfhmeiiul 
rabies ;  and  iilso  from  the  brain  o^  a   four-yearold  child  which  hod  ded 
from  hy(iro])hobi:i.  set  up  by  thu  bite  uf  a  mad  dog.     On  culture  nuda 
this  organism  is  said  to  gi'ow  slowly  when  first  t^ken  from  the  animal,  hw 
in  succeeding  gcnenitioiis  its  growth  is  much  more  luxuriant  ajid  »1.  fin:!: 
The   organism    described   appears   to    assume    an  intvrmctltate 
between  a  saccharomyccs  and  an  oidium.     It  is  cortainly  pjithoj.'- 
animalst  its  inculxition-puriixl  is  comparatively  prolonged,  a]id  it ;; 
to  paralytic  symptoms  ;  but  whether  it  be  the  immediate  caiue  ot  miuuiu 
still  doubtful.     Bruschcttini.  using  now  culture  media — agar  or  houflhi 
containing  lecithin,  cerebrin,  and  other  substances  normally  preset' 
nervous  system,  and  dclibrinatod  dog's  blood — was  able,  by  iu.^.i.i.,  ., 
with  small  fragments  of  the  ncr\'ous  system  of  a  rabbit  that  had  liitol 
after  injection   with  'Sirus  Hxe,"  to  obtain  in  from   24  to  .^6  boon  • 
group  of  small,  transpiirent,  drop-like,  confluent  colonies  very  slightlr 
elevated  above  the  surface  of  thu  special  medium.     Bruschcttini  in ' 
that   he  has   isolated  au  organism — a  short  thick  bacillus,  rf- 
Friinkel's  diplococcus,  or  in  older  growths  like  the  diphtheria  Uc 
which  by  its  biological  characters  may  bo  distinguished  from  u..    .... 

microorgHnisms ;  that  it  constantly  sets  up  the  classical  form  of  ez|Mn 
ment;il  rabies  ;  that  it  is  po.>^iiiblc  to  find  it  in  the  nor\'ous  system  uf  nbiii 
unimiils,  imd  that  he  is  justitiwd  in  regarding  this  microbe  a^  ih**  -f^rife 
ctiuse  uf  nibies.     On  the  other  hand,  so  general  hii^  l^en  t '  to 

tiiice  this  iij'pothoticttl  organism  by  any  of  the  ordinary  met  ifl 

bacteriology,  that  it  has  been  suggested  that  the  causal  orgamnu  mi) 
belong  tfi  the  animal  kingdom,  and  resemble  the  miuatu  animal  pcuuiUi 
organisms  assnciatcil  with  malarial  and  other  ilisefleea.  Negri's  oleervstinM 
appL'^ir  to  support  this  hypothesis.  It  woidd  apjiCJir,  at  any  rnte,  thilUx 
conditions  for  the  growth  <tf  this  organism,  whatever  il«  nature,  are  he* 
supi>liftd  in  the  cerebrospinal  system  ;  for  not  only  is  tho  poison  found  raorr' 
especially  in  the  nervous  structures,  but  they  seem  to  be  speciidly  attaciwi 
Pasteur,  recognising  this,  proceeded  in  his  ex]M'riments  lo  pref*i* 
cerebrospinal  fluid,  and  on  emulsion  of  the  medulht  oblongaU  or  of  tbt 
spinal  coi^i  in  s.'ilinn  solution  or  brttth  ;  with  tlit^e  emulsions  he  tujedffil 
jtnimaU  subcutaneously,  sulwlumlly  into  the  brain,  or  into  tb"  '"J 

nerves  of  the  limbs.     By  these  means  Ue  was  enabled  to  pi  ^  "* 

with  certainty  in  dogs,  rabbits,  monkeys,  ami  other  animals,  iho  aerwU} 
of   the  disease    being  determined  ap]>arently  by  thi-ec  factors  .   '-^  '1^ 
quantity  of  the  rabic  virus  introduced  ;  (b)  the  point  of  its  inti-oi 
{c)  the  strength  of  the  virus  as  determined  by  the  kind  of  animal    ' 


Eords  the  cultivntion  ground  for  the  growth  of  the  fajrpothctical 
Ifaiusm,  The  f{ii;intity  uf  the  virus  is  readily  measui'ed  by  mulling  a 
Mb  of  dilotions ;  for  this  purpose  Hogyes  lifted  salt  aolutioti,  aikI 
Itrdach  simply  distilled  water — the  former  mode  of  dUution  apparently 
ring  the  one  to  bfi  preferred. 

It  is  a  inaLU!!-  of  common  observation  that  slight  wounds  made  with 
le  teeth  of  ii  rabid  tlog  in  the  skin  of  the  limbs  and  of  the  Iwck  are 
ten  followed  by  the  disease  after  an  extremely  long  [leriod  of  inculw- 
on  ;  whilst  in  the  cjise  of  lacerated  wonnds  of  the  tips  of  the  fingers, 
here  small  nerx'es  are  numeroiw  or  where  the  muscles  and  nerve-trunks 
■e  reached,  or  of  lacerated  wounds  of  the  face  where  there  is  a  similar 
)undatice  of  ^er^'es,  the  period  of  incubiition  is  usually  much  shorter 
id  the  disease  more  severe.  When  material  from  the  rabic  nerve- 
tntces  of  a  dog  or  of  a  human  l»eing  is  injected  into  the  anterior 
Mimber  of  the  eye,  or  under  the  dura  mater,  the  animal  so  in- 
flated posses  through  a  severe  attack  of  rabies,  and  dies  in  fi*om 
vo  to  til^en  ilays.  The  disease  may  be  induced  with  certainly  when 
nbic  material  is  injected  directly  into  a  mass  of  muscle  ;  or,  as  has 
y  been  stated,  into  a  peripheral  nerve,  it  will  thus  Ije  seen  that 
e  two  »ets  of  ciniditiouH,  natural  and  experimental,  run  in  paniUel 
iipo,  the  severity  of  the  disease  being  usually  determined  by  the  eaee 
rith  which  the  poison  can  itmke  its  way  to  the  cetttral  neiTous  system. 
k  has  been  assumed,  in<lee<l,  by  Tizzoni  and  Centanni  that,  as  the 
nnpb-cfaannels  of  the  nerves  are  more  directly  in  communication  with 
he  lymph -spaces  in  the  cerebrospinal  canal  than  ai'e  other  lymph 
hannels.  any  poisrm  introducetl  dire<.'tly  into  them  is  soon  carried  into 
lOsitioiiB  where  the  conditions  are  favoiiiuble  for  multiplication  and 
ccion  on  the  nerveK:entres ;  and  is  thus  enabled  to  <letermine  a  severe 
ttack  of  the  disease  at  an  earlier  period  than  when  the  jmison  is  intro- 
laced  elsewhere,  unless  indeed  it  be  injected  directly  into  the  cerebro- 
pinal  system.  Absorption  of  the  rnbic  poison  maj'^  take  place  even  from 
,  healthy  mucous  surface  ;  und  the  conjunctiva  and  the  nasal  mucous 
nembrane  liavc  both  t)cen  noted  as  nnabrad«l  surfaces  from  which  such 
^sorption  has  taken  pkice.  It  is  stated  ai»o  thai  the  rabic  poison  may 
m  transiniited  from  the  mother  to  the  fcftus :  and  several  experiments 
re  rcconlcd  in  which  this  has  actually  been  brought  about :  it  apj>ear9 
o  be  quite  possible,  moreover,  that  in  such  a  cjise  the  alisoqition  of  a 
oxin  may  readily  take  place  through  the  [dacentji  without  any  trans- 
Dission  of  the  organisms  which  produce  the  poison.  Baltes,  however, 
lenies  its  presence  in  the  brain  of  the  ffetns  in  utero.  It  has  been  found 
hat  the  filtrate  taken  from  an  emulsion  passed  through  a  porcelain  filter, 
rhen  injected  into  a  dog,  may  produce  distinct  [>aralytic  phenomena.  In 
onseqiience  of  this  obaervatitm  rabies  has  been  defined  as  a  toxoneurosis, 
ml  from  the  statement  as  to  the  ptisaage  of  the  miiuitc  plastic  Negri 
>ndies  through  a  Berkefeld  filter  (vnU  p.  823),  such  a  definition  must  be 
opked  upon  with  ^uApicion. 

■^A  very  imi*ortant  point  in  this  connexion  is  that,  if  the  spinal  coiid 
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of  li  dog  be  cut  aci*o^  before  injection  of  the  mbie  poison  ia  nuuie 
one  of  the  nerves  of  the  hind  foot,  it  "will  be  found  thai  if,  afio 
disease  iias  had  time  to  manifest  itself,  t«o  |M>nions  of  the  cord  be 
one  bi:low  and  the  other  above  the  [to'inl  of  section,  only  the  eroal»iia 
mfide  of  the  lower  portion  of  the  cord  ^vill,  when  used  for  inocnlitanb. 
set  np  rabic  symptoms.  The  siinit*  hold.s  good  when  a  8imil»r«xpen&i«i: 
is  made  by  injecting  the  poison  into  the  nerve  of  a  fore  Uml^  tk 
upper  portion  of  the  cord  now  inducing  rabies.  It  is  interMtiog,  im 
to  observe  that  wlien  the  iliacase  is  chivolopod  shiwly  iis  the  result  nl  i 
bite  in  a  limb  on  one  side  of  the  body,  tbc  peripliend  nerves  on 
opposite  side  may  also  contain  the  rubie  virWB ;  and,  if  uaod  m  niAt 
with  ^hich  to  inoeulato  another  animal,  may  set  up  a  more  or 
Wrulent  form  of  the  disease.  It  roust,  then,  be  concluded  that  in 
to  determine  the  sevority  of  a  case  it  i*  necessary  first  to  answer  tii«»" 
two  qucdtions :  (i.)  Was  it  possible  for  the  iwison,  say,  from  the  «ltrj 
covering  the  teeth  of  a  rabid  animal^  to  make  its  way  into  the  wettwl' 
and  (ii.)  Could  this  poison  make  its  way  Ut  the  nerve?  In  many  au» 
the  rabic  Wrus  may  be  cleansed  from  the  teeth  by  the  clothing:  wliicit 
covers  the  bitten  part ;  hence  it  is  that  patients  bitten  by  animaU  fin- 
doul>teHly  rabid  often  escape  the  disease,  luj  the  leat-her.  cioth.  or  oUir' 
clothing  materifd  has  cleansed  tht:  teeth  )K?fore  they  eamc  in  rnnuu-i  1llt^ 
the  skin.  It  wa.s  pointed  out  by  Pasteur  and  by  Sir  V.  Hnr?icy  liui 
rabbits,  when  etherised  and  then  piv^enteti  to  a  mad  do££  to  Iw  bitteo  on 
the  fur,  in  a  very  lai^e  proportion  of  cases  e-scapo  the  diseaae,  ftIiiiott£l> 
the  teeth  may  have  passvd  well  through  the  skin  :  if,  on  the  ulier  hwi 
the  i>arl  presentofl  to  the  nibid  dog  Ihj  shaveil  lw»fore  it  is  bitten,  s  imeii 
Urgcr  pro|h)rtion  of  the  bittPii  animaU  contract  rabies.  From  whai^ 
has  already  Iwun  said,  it  is  also  evident  that,  where  the  skin  is  thick 
the  nervea  fi'w,  a  Htriall  quantity  of  vims  may  tind  its  way  into  a 
but  does  not  poJietratc  into  the  nerves;,  and  the  patii^nt  nmy  suffer 
evil  effects  beyond  those  due  to  the  bite  itself.  This  ex]>hiiiis 
only  about  16  [ter  cent  of  the  cases  bitten  by  i-nbid  animaU  apix^l 
conti'act  hydrophobia. 

Morbid  Anatomy  and  Histology. — C)n  autopsy  nothing  very  t\ 
teristic  of  the  disujisu  is  found  ;   the  main  features olisen-od  am  darVrf 
of    the . bloo<l,    congestion    and   catairh    of   the    fauces,   larytix,  Uirl 
tungs,   pharynx,   tesuphagua,   and  stomach ;   in   the   mucous  menl 
of   the  latter,   according  to  Bristowe.  ha-monhages  may  be  fotuid. 
the  dog  the  teeth  are  often  broken,  and  the  tfingue  and  buccal  mnc 
membrane    are   laoei-aied   and    inflamed.       The  small    vpsicuUr  puit" 
sometimes    seen    on  the  under  i^urface  of    the   tongue   arc    sniij   Ni 
due    to    the   ;iccumulation   of    secretion    in    the    obsirucied    gUrnli 
canala.      There   is  also  marke<l   congt±stioo   and  ctMleuia  of   the  ctnl 
nervous    system    and    the    moningps ;    there  may   be   acute    menit 
with   a  distinct  etfitsion  of  l\'mph  and  even  minute  hiomorrfaAgc*. 
flui<l  in  the  ventricles  is  not  of  imcommon  ocenrrence :  small  extra' 
tions  of   blood   have   been  noted   in   the  spinal  cord.     On   mic 
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exAiniiuilion  il  is  stated  tlint  there  ift  a  niigriition  of  IcucocytHfi  into  the 
perivivsculiir  lyniphatio  spncea  aiul  into  the  cotinectivt!  tisRiio  of  the  nprve- 
C«ntre«.  Microscopic  iKenionhages  have  also  heen  found  ;  Sir  \V,  Gowers 
and  others  point  otic,  and  I  liave  coiTolKirated  this,  that  .such  hwnionhiiges 
arc  sfM^cially  well  marked  neai*  the  floor  of  the  fourth  ventricle  ;  but  aecord- 
ingtoSirV.  Horsleytheytnayoccurat  different  ix)int«  in  the  central  nervous 
aysloni,  so  that  the  whole  luunt  Iw  examined.  Hyporieniia,  hannorrha^es, 
aud  areas  of  softening  of  the  gi-ey  matter  of  the  anterior  and  posterior 
horns  have  been  deserihed  ;  also  strands  of  degeneration  of  the  white 
matter  of  tlie  columnjf  of  Gull  and  of  Biirdach  in  the  cervical  region  when 
the  bito  was  on  the  hand,  in  the  lumbar  region  when  on  the  lower  limb. 
GotnbauU  and  Schaffer  descrilw  great  enngmtion  of  leueoeytcK  into  the 
Anterior  horn  especially  in  the  perivascular  lymphatics.  The  nt'rve-cells 
in  thi«  pfjsition  are  said  to  undergo  degenerations  of  various  types, 
pigmentary,  hyaline  and  granular,  and  vaeuolation.  There  may  alno  he 
degeneration  of  the  ner\c-sheath  and  enlargement  of  the  axis-cylinder 
accompanied  by  infiltration  of  leucocytes  in  the  nerves  [jassing  from  the 
site  nf  the  bite.  Congestion  of  the  peripheral  iiervea  and  of  the 
sympathetic  system  h.-is  also  been  described  ;  and  both  Coats  and  Elsen- 
berg  pointeil  out  that  in  s(^me  cases,  in  addition  t<j  the  nngration  of 
leucocvtc**  in  the  nu'dulla  oblottgata,  there  is  an  accumuhitiim  of  leuc-ocytes 
in  the  salivary  glands — especially  in  the  yiarotid,  in  the  mucous  glands 
ot  the  larynx*  and  in  the  kidneys ;  this  condition  t>eing  associated  with 
the  maj'ked  congestion  that  ocetirs  in  these  |K)8itions. 

Prof.  Cliffonj  Allbtitt  in  1872  described  vascular  congestion,  hiemor- 
rbiges,  transudation,  thickening  of  the  walls  of  the  vessels,  patches  of 
nuclfar  prolifenitic»n  anil  degeneration,  and  tliaapiwarance  of  nerve- 
stiiinds  in  the  cerebrum,  medulla  oblongata,  pons,  and  spina]  cord  ;  and 
indicated  that  all  these  changes  may  be  regarded  as  pointing  "  to  the 
action  of  an  animal  poison  jicting  primarily  on  the  eerebrosfiinal  nervous 
system."  He  pointed  out  that  iu  oi-dcr  of  severity  the  jj;itholugical 
lesions  are  greatest  in  the  medulla ;  then  follow  in  order  the  cord,  th^ 
cerebnd  convolutions,  and,  histly,  the  central  ganglia  of  the  ineiiphalon  : 
whilst  the  order  of  s3'mptoms  during  life,  as  he  maintains,  conesiw^iida 
fairly  definitely  to  this  order  of  affection  :  "  first,  intense  reHex  irrit- 
ability in  the  region  of  the  medulla,  with  no  tetanic  symptoms  and  no 
delirium ;  secondly,  increasing  hypcrseathesia  throughout  the  cord,  with 
Kmi  tetanuB  ;  thinlly,  delirium." 

Sir  W.  Gowers  noted  a  gtaiudar  appearance  in  many  of  the  nerve- 
cells,  jind  "adjacent  to  or  aroiuid  many  cells  were  spaces,  in  some  cases 
apparently  empty,  in  others  containing  gnuiule*^."  He  also  nottd  the 
presence  of  pigmciitrgranules  in  some  nerve-cells  and  of  cor/nfra  nmtflacfra. 
(This  is  a  very  interesting  observation  in  view  of  Negri's  recent  work. 
See  p.  822.)  In  some  of  the  smaller  vessels  he  found  thrombi,  and  in 
the  iwrivascular  lymphatic  sheaths  he  described  numerous  small  cells — 
mignited  leucocytes — so  densely  packed  as  to  cause  actual  compression 
of  the  vessels.      To  some  of  these  collections,  often  situated  "in  the 


reflpiratory  centre  of  the  medulla,"  he  gives  the  name  of  "  mitnuy 

He  concludes  tbit  *'  there  is  certaitily  nothing  in  the  histulogicn' 
uctera  of  tlic  lusions  which  can  he  rfgardotl  as  specific  of  ibe  dunaat 
The  (NiUection  of  cells  in  the  porivfi^cular  aheuths  hii&  been  ohservwl  in 
other  diseased  .  .  .  hut  the  distribution  of  tbei>e  lesions,  their  iDt4neU 
in  the  lower  part  of  the  meilulla  and  in  the  ncighlwurhoorl  nf  ccmia 
ner\'e  •  nuclei  is,  as  far  as  I  am  awitre,  peculiar  to  the  dia«ue»  ami 
constitutes  a  distinguishing  anatomical  character." 

Several  authont  maintain  tliat  (he  hyaline  or  hyaloid  dt^enentictt 
described  by  Bcncdikt  i^re  foun<.l  in  similar  pusiiions  in  aged  dogi  uui  ii 
various  other  diseased  conditioiis. 

LiitkcmitUer  found  a  moderate  leiicooytosia  in  mhid  aniinalis  tocont 
panied  by  the  presence  of  an  extraordinary  numlier  of  niicrocyta. 

(rolgi    fontul  certiiin    altonitions   of   the    ner\'e-oell — vacuohilion  Ukl 
awelling  on  the  one  hand  or  diininutiou  in  size  on  the  other,  swelitnf 
and  loss  of  sliiir]>  outline  of  the  nucleus  Jtnd  changes  in  the  c) ' 
particles.      In  addition,  by  means  of  liia  silver  method  ho  hrou;, 
certain  alterations  in  the  nerve-cells  and  their  dendrites — "diffusf  nvtti- 
ing,"  ntrnphic  changes  with  loss  of  substance,  a  process  of  prugp««« 
atrophy  which  proceeds  ap|»irently  from   tlie  cellular  IxKly  ami  intohw 
the  processes  to  the  finest  extensions  of  the  pmtopUsmic  branches.     Th* 
cells  lose  their  homogeneousness,  appear   granular,  and    present  ditfiiic 
swellings  producing  a  varicose  condition.     Thr  axis-t^ylinders  ftko  i2i0V 
beaded  swellings.     A   peculiarity   of  the  process  is  that  the  ftbnoroil 
alterations  of  the  elements  arc  not  diffused  through  every  portkm  of 
the    central    nervous   system,    but   are    focal,   there    being    £ouc«  "irh 
altered  cells  and  othei's  without  any  modification  of  the  nerve  i-lrmtst^ 
H.  J.  Berkley  continuing  Uolgi's   ohflcrvaiions  obUined  ri'sults  *hKb, 
whilst  agreeing  on  certain  points,  were  in  some  respect*  diHercnt    Hd 
found  that  "  ilegenerated  cells  were  uuiveraHlly  present  in  vvitry  jtoitit* 
of  the  cortex,"  instead  of  l>eing  focal  only  ;    further,  swt^lling  of  ita 
dendrites  does  not  start  from  the  cell  but   *'  begins  at  the   ))eriph«rt  UkI 
extends  centralwaixls  or  all  the  component  members  of  the 
necrosis  synchronously."     The  swelling  of  the  axis-cylinder  ' 
There  are  fnxjuent  tumefactions  along  the  stems  of  the  dnndni*^  it" 
swellings  being  sm-dl,  "the  portions  of  the  dendrites  between  the  nrrll- 
ings  are  thin,  and  have  but  very  few  of  the  gemmules  still  ;ulben!nt  to 
them,  and  of  those  remaining,  still  fewer  shew  perfect  staining.     On  thi 
swellings  the  lateral  buds  have  completely  disappeared*  and  left  no  tr*tf 
of  their  former  presence,     A  very  careful  search  had  to  bo   roidc  W 
discover  any   completely  nni>mal  cells  among  the  diaeMM)  ones.'^     Tb< 
bodies  of  the  cells,  says  Berkley,  arc  nirely  de^inierated  and  chang(»  i» 
the  I dood- vessels  ami  in  the  neuroglia  are  usually  comparatively  sli^t 
The  Purkinjc's  cells  with  their  processes  are  less  affected  tbiti  are  liofe 
of  the  cerebellum. 

Germaiio  and  Capobianco  find  that  the  lesions  described  by  Mp* 
although  not  pathognomonic  are  nevertheless  (especially  as  regards  tiir 
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distribution)  constant  in  the  variotm  forms  in  wliich  Lhey  ninnifoat 
themselve-s.  from  the  simpl>*  hieinorrhngis  up  to  the  dt'structioii  of  nerve- 
cells  an<l  rhe  nmrked  byperi>lasia  of  the  neuioglin.  Mureover,  these 
teiione  are  constant  in  character,  in  order  of  appuii'aiice,  and  in  specially 
afTecting  the  motor  tracts.  Li  rabid  dogs  and  rabbits  constant 
anatomical  changes  arc  found,  unifonuly  distributed  in  the  various 
tioos  of  the  cord  ;  the  motor  ret,Hons,  as  above  noted,  being  specially 
Tectefl  by  an  acute  inflammation  of  the  nervous  tissue,  which  results  in 
c!ex*'"*^'"ation  of  the  nerve-cells  and  ovfu  in  coniplet#»  disappeaiance  of 
this  element ;  the  neuroglia  and  thu  myelin  sheiitli  nnderj^o  sinniltitneoua 
ehxnges  which  apparently  arc  in  intimate  association  with  one  another. 
The  small  neuro^lia-cetls  Iwcome  much  larger  and  more  viaibln  than 
in  the  normal  state.  The  intervertebral  ganglia  shew  marked  con- 
,||Wtion,  an  accunudation  of  leucocytes,  and  vacuolar  degeneration  of  the 
tttUi.  In  the  ncrve-ccllfi  of  the  cortex  Nissl'a  txranules  become  less 
marked,  and  atrophy  and  sclerosis  take  place. 

babej$,  in  Octuber  1895,  after  noticing  the  congestions  of  varioUB 
pans  of  the  alimentary  tract,  dedcrilnrB  very  minutely  the  lesions  in  the 
central  nervous  system  as  falling  into  two  groups:  (i.)  the  more  diffuse 
altenitions;  genend  ledema  and  hypern^mia  as  a  result  of  commencing^ 
inllammatory  changes  around  t}ie  blood-veHsels ;  <ii.)  the  more  definite 
and  localised  changes  ;  such  as  dilatation  of  blood-vessels  arid  hfemor- 
rhages  in  pro.ximily  to  the  central  c^tnal,  in  the  floor  of  the  fourth 
ventricle,  e5]>ocially  immediately  under  the  cpendyma,  and  in  varinUB 
part*  of  the  mucous  and  serous  membranes.  Hyaline  swelling  of  the 
walls  of  the  blootl-vesscls,  and  prolifeiation  of  thair  endothelium,  leading 
to  uhlitei-ation  of  the  iumina,  are  met  with.  The  nerve-cells  next  suffer, 
there  is  distinct  swelling,  whilst  small  hyaline  bodies,  circumscribed  by  a 
pttle  zone  or  by  vacuoles,  appejir  near  the  nucleus.  Leucocytes  till  np  the 
pericelbilai-  space,  crowding  on  the  nerve-cells,  the  nuclei  of  which  ulti- 
mately ilisappear. 

It  will  be  noted  that  up  to  this  point  none  of  the  histological  in- 
vestigations have  shewn  anything  really  characteristic  of  rabies.  Every 
one  of  the  features  mentioned  may,  as  pointed  out  by  lilerkley,  be 
observed  in  some  foiTn  or  other  of  intoxication.  Van  Cehuchten  and 
Nelii*,  however,  describe  the  pre.'^ence  of  certain  definite  and  characteristic 
lesiotu  in  the  peripheral,  cerebrospinal,  and  sympathetic  ganglia.  On  c<mi- 
pHiing  a  section  of  a  normal  Gasserian  ganglion  with  one  taken  from  a 
rabi<]  animal  they  found  tliat.  whilst  in  the  former  the  large  nerve-cells 
lay  near  to  one  another,  completely  filling  the  endothelial  spaces  in  which 
they  lay,  in  the  latter  many  of  these  nerve-cells  had  disapi^»earod  and 
been  replaced  by  masses  of  small  round  cells  which  seemed  to  fill  and 
distend  the  endothelial  spaces,  in  some  cases  this  "  replacement "  going 
on  until  all  the  nervc-cells  had  been  destroyed,  and  the  alveolar  appear- 
ance to  some  extent  lost,  the  ganglion  now  appearing  to  be  made  up  of 
email  cells  with,  here  and  there,  the  remains  of  an  atrophied  nerve-cell. 
In  many  insUmces  there  was  also  a  pericapsular  accumulation  of  new  cells. 
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or  this  might  he  the  princi|Xil  feature.  This  cliaugt'  ulthotigh  chj 
in  »1)  sprcieA  i»  more  niui'ki*(l  in  tlic  dog  thiin  in  man,  but  lew  bidf 
rabbit.  Moreover,  in  the  rabbit  and  the  ilug  the  legions  nro  a!wii)-8  notr 
market!  in  the  ceri>bral  than  in  the  spinal  <;:inglia,  and  nto^t  oi  aU  islbe 
nneloar  ganglia  nf  the  vjigns  nerve.  These  appwirrinoes  air  «ni 
pathognomonic,  and  as  the  results  may  Ije  obtained  almost  at  once 
a  few  hourH)  ihey  are,  in  positive  caAes,  even  mon;  useful  in  tliagnodi 
thim,  though  not  quite  st)  eeriain  as,  inoculation  oxporimonta. 

In  1903  Negri  described  certain  bodies  which  he  found  incJutW  ia 
the  (rytoplajim  of  the  nerve-cells  or  in  their  hrnnchefi.  or  rarely  \ymf, 
outside    them.      In   sections    they    are   dnaeribed    as    ronnde*!   or  *tval 
formK,  having  a  homogeneoUK,  oxyphil  "ground   Kulmtiince''  contAiiiifiea 
central  Imdy  surromule*!  by  granules.     Such  botlies  are  foiujd  in  newlr 
100  per  cent  of  the  cases  of  rabies  in  the  dog.     These,  he  mainiaiiiN  an 
protozoa,  and  are  in  all  piHihability  the  specific  cause  of  rabies,     Th'^ 
are  present  in  the  ganglion-cells  of  the  brain,  spinal  cord,  and  ganghu    i 
vary  in  size  from  '^'o  tJ»  l-S  or  l!0/i  in  diameter,  the  size  increjwini: 
the  prohingatinn  of  the  discane.     The  Urge  furnis  ai-c  tuddom  nicL  wi;')    < 
specially  susceptible  animals;  the  size,  moreover,  appears  to  act«id  *iili 
some  special  stftge  of  development  of  the  organism.     Thew!  Ixwlir*  rirr 
very  considerably  in  shape ;  some  of  them  are  round,  others  more  -t  1— 
elongat^Kl  masses  of  protoplasm,  others  again  triangular  or  slightly  i-inmi 
shaped  ;  in  some  cases  small  buds  may  be  seen  growing  from  the 
nuLSs  ;  in  olhei-s   the  large  mass  may  be  eonslricted  in  !he  mil 
if  it  be  somewhat  elongated   there  may  be  two  or   three  cmsu 
sometimes  several  of  these  org;wiisms  are  seeit  lying  together,  and 
airaiigcd  as  if  they  had  origin:illy  formed  |)arlvS  of  one  larger  ot^g^i 
These  inclusions  may  be  met  with  at  certain  stages  in  almost  all 
nerve-cells  thn)nghout  the  central  nervous  system,  in  pmlnuprd  outt' 
hydrophobia,  but  they  are  found  most  rejwlily  and  in  griyili'st  abuiMhil 
in  the  cells  of  the  comu  aramonis.    They  are  also  found  in  the  PurkiDJ* 
cells  of  the  cereljellum. 


These  oi^anisms  may  be  stained  in  eilljer  smear  preparationf  or  Kdir 
FrotliinKbam  rcconiniends  Mallory's  nii:lliyieiie  blue  and  uosm  ^tiiin  for  tfcHati 
Willinms  aad  LowJen,  wlio  recumiuend   the  same  stain   for  amear«,  cattj 
f.hw   method   as  fuUowB : — "The    smears  are  fixed   in   Zenkera  MlntioD 
i  hour;  after  luiiuij  riuiwd  in  laji-water  they  are  placed  ^uccesiively  lu  1*6 
cent  alcohol  plus  iotlinc  ^  hour,  9ri  jter  cent  alcohol  ^  hour»  oUaolut* 
^  hour,  ccwiti  solntian  20  minut4»,  rinsed  in  ta]>-water,  mt'lhylene  blu«  w^lnti( 
15  minntcs,  ditfi-nrntiated  iu  J>.'i  ]ier  ct'tit  alcohol  for  1  to  /i  uiinntos;  dry 
filter-imper."    The  cytoplasm  nf  the  ImmIj*  in  a  niOf^'nta  colour,  light  in  the 
bodici*,  dark  in  the  lar(,^r ;  the  c<.-ntr:d  IxHlies  and  chroniatoid  granules  arr 
dark  blue,  the  tierve-ci^ll  cytoplasm  a  li^ht  blue,  the  nucleus  a  darker  bloc,  anu 
the  red  h1ou(bc«ll9  a  brilliant  eosln  tint.     Gieniss's  wbiiion  is  also  an  (>\ccll( 
fttaiii.     One  drop  of  llie  stain  to  every  ct  of  distilled  water,  made  alkaline 
the  previous  addition  of  one  drop  of  a  1  per  cent  solution  <»f  potaniuoi  carl 
to  10  C.C.  of  water,  is  i>ourcd  over  the  Uide  and  allowed  to  stand   for  | 


HYDROPHOBIA 


are  not  ovcrstoined  even  in  94  honre\  wnsh  in  runniug  tap-wau;r 
2  OP  3  miautes  and  dry  with  till<;rpaper.  The  cylujjlo^m  of  iho  body  stains 
•,  the  central  \xAy  and  clirumaloiJ  gruuulu«  a  bluu  red.  Tin*  lui^er  bodies 
;  UBual]y  a  t<omewbat  darker  blue  tbun  the  smaller ;  the  nuclei  of  tlic  UL-rve- 
I  ore  Hlaiued  ri'd,  thu  nucleuli  a  dull  blue.  Other  uietliude  uf  st&iuin^  are 
a  by  Frolhiiij^hani  and  by  WilliamB  and  Lowden,  to  whose  paper  the 
er  ia  referred  for  further  details.  The  Negri  bodies*  retain  tlie  eosin  with 
*ing  JiitenRity,  they  usually  »hew  Htnicture  in  the  form  of  iinatained  ovals^ 
irdef,  or  small  dots  or  rods^  within  the  body,  red  or  blue^  according'  to  the 
liod  of  staining  used. 

These  innor  borlitis  vary  iti  structure  and  staining  (puilities,  l>iu  me 
cipally  liasophil,  and  may  ^  in  tho  form  of  retictdar  mafi&es,  rings, 
\  or  ^Hitiits ;  they  are  usiuiUy  situated  within  vacuoles.  In  fresh 
ftr  prrparations  their  homogeneous  cytopbism  offers  no  evi<lence  of 
»ticii]um  or  of  n  gnmidar  stnictnie,  anil  ia  distinctly  bjisophil  in 
staining  reaotinrm,  whilst  the  central  iKKlie^  are  surrounded  hy  no 
r  BpAcc,  as  they  somclimes  nru  in  Hcctions.  It  is  difl'erent  in  striiL'turo 
also  in  staining  reaction  from  the  clironiatoid  granules  which  smround 
1  fact  the  stnicture  of  tlie  central  Inxly  is  that  of  u  ]irotozoan  nucleiis, 

chroniatoid  granules  are  mi>at  frc(|Ucntly  arranged  in  a  more  or  less 
dar  circle  ronntl  the  nucleus.  The  shape  of  the  Itodies  varies  enor- 
ftly,  their  snbsl;irice  ajipearing  to  *>e  exceedingly  didicite  and  plastic, 
ily  adapting  itsoU  to  the  jM>yitions  in  which  it  finds  itself.  They  are 
y  destroyed  by  artitieiai  means,  but  app<«ar  to  grow  exceedingly 
dly  and  to  multiply  or  dinde  at  u  great  rate.  "The  elongated  forms 
ain  from  two  to  Hvc,  or  even  six,  nuclei,  and  are  the  residt  of  rapid 
ear  division  without  corresponding  cell  division  " ;  "  under  the  most 
iirablo  conditions — lixcd  virus — gn>wth  and  division  occur  most 
Ily  atid  simply,  the  tinv  forms  diWding  and  redividing  apparently 
finitely." 

Williams  and  Kdwdi^n  have  domonstmtefl  the  presence  of  these 
rnsms  at  a  much  earlier  stiige  than  that  at  which  they  have  pro- 
dy  been  found,  and  they  maintain  "  that  the  bodies  may  be  foiuid 

enough  and  in  pnictically  large  enftngb  innnbers  to  account  for  the 
nning  infwtivity  of  the  nerve-tissues,  and  that  with  ordy  a  little  more 
ful  cxjM'rinienting  this  may  be  brtMight  (uit  clearly'."  They  believe, 
that  although  organisms  cannot  be  denionstniteil  in  the  bloorl  or  in 
saliva,  this  is  only  localise  of  the  small  numbers  present  and  not 
use  they  are  alwent.  Thny  maintain  that  these  Negii  bodies  arc 
ific  to  hydrophobia  or  rabies,  that  they  are  found  in  hirgc  numbers  in 
I  virus,  that  they  are  present  in  sutticii*nt  numbers  before  the  Iwginnirig 
efinite  symptonis  to  account  for  tht^  appwunince  of  infectivity  in  the 

tissues,  that  very  minute  forms  bai-ely  Wsiblo  under  a  1500  dia- 
nr  magnification  have  been  made  out,  and  that  as  tliese  arc  of  gient 
bicity  they  may  rea^lily  jmiss  through  the  comparatively  large  pores  of 
:efeld  filters ;  they  look  upon  them  as  linng  organisms  and  prolwibly 
elonging  to  the  protozoa.     In  no  other  disease  have  bodies  similar  in 


appeanmcc  lo  the  Negri  bodies  been  found,  and  when  tbey  are  fmnn^  h 
st'ctioiiH  oi-  ill  smear  prepamtioiis  ihp  diagmtsis  of   hy<lroj>b' 
in:ule  with  certainty.     All  Ameriwin  okservers  seem  tu  ugrt'- 
wbcn  these  bodies  are  found,  and  when  vnn  Gehuohten's  chan^  ur 
noteil  in  the  ganglia,  it  is  itiiti^essary  to  apply  the  biologtcil  teM,  Inn 
ibjLt  when  there  is  any  doubt  in  the  matter  the  biologiciil  tetste  may 
ofiditional  information. 

Incubation, — The  Hrst  symptoms  of  mbieft  may  foUuvr  inocuUliuK 
after  intervals  of  fi-om  three  to  six  weeks,  but  this  inciibalioo-peiv^i 
may  extonil  over  twelve  or  even  eighteen  monibs ;  fourteen  dajrs  ■« 
the  one  hand,  and  two  or  even  five  years  on  the  other*  havi  brr« 
given  oa  the  extreme  limits  of  the  inculmtion-period.  It  may  b«  ac«ipt<<d 
that  art  ji  general  rule  ihn  iticubatinn-iieriod  bists  from  twrnty  tu  nilt 
days,  and  that  of  the  very  prolongc^l  j>eriods  reconled  some,  at  any  rate,r?rt 
on  coraparalively  xnitrustworthy  information,  though  one  ease  treated  wilt 
vaccin  paHscd  thron<;h  an  incubation -period  of  lwentr-(H)v«ti  monlb. 
The  period  deems  to  vary  aceording  lo  the  susceptibility  of  (ho  pAtmU 
the  virulence  of  the  disease  in  the  aninml  inflicting  tiic  wo(uh1«  tb 
amount  of  virus  itilro<luced,  and  the  numbor  and  |Xisition  of  the  liitn 
Meanwhile  there  may  be  no  symptoms  of  any  Vind,  and  the  woumi  bal* 
well  with  little  local  or  general  disturbance.  At  ih**  eiwl  of  the  p(?ri<<l 
of  inciiUiiion  the  wonnd  Iwconies  luuomfoitahlo  ;  there  ia  itching,  tirnilin:, 
and  a  sensation  of  local  heat  which  may  be  almoec  unbearable  ;  ' 
usually  accompjinied  by  a  sharp,  stinging  jjain  which  may  be  locnliwi  ■■■-, 
the  wound,  or  may  follow  the  course  of  the  ner\e»  ;  somotimoii  the  vxniw 
becomes  livid  or  opens  up  afresh  ami  assumes  an  unhealthy  purul 
api-Hjamncc,  but  apparently  not  more  frequently  than  do  non-rabjc  woui 
The  sinall  vesicles  which  sometiuies  occur  aiuund  the  wound,  or  on 
side  of  the  tongue  on  its  under  surface  (Marochotti)are  the  only  ex 
anatomicjil  lesions  which  have  been  described,  and  they  occtu*  eoinfMuik- 
tively  i-aroly. 

Symptoms. — Duiing  the  e-arly  stages,  as  the  disease  declares  itMtf 
(prodromal  stage,  which  hiats  for  from  two  lo  five  or  ?ix  day*),  the 
patient  is  feverish  and  ver)  thirsty  :  he  beconies  exceedingly  depresml 
anxious,  irritable,  atid  has  a  peculiar  hunted  look  in  his  eyoa  ;  the  wurW 
of  the  face  arc  dmwu  and  restle^  and  there  is  marked  pjillor.  Mr. 
Making,  taking  Bristowo's  account  as  his  Insis,  well  <ie»4'rtlKs»  thi« 
stage,  and  is  cnnoboratcd  in  almost  everv*  deuti)  by  \.  Marie, 
patient  may  talk  freely,  the  sentences  being  sometimes  interru 
by  sighing  inspiration  ;  ho  usually  shews  groat  unwillingness  to  m 
about  the  possible  cause  of  his  illness :  sleep  is  often  broken, 
patient  starting  ah  if  suffering  from  IkuI  dreams  :  the  moutli  ia  dry. 
thirst,  and  disinclination  to  swjdtnw  :  loss  of  appetite,  nnus^A,  and 
gastric  uneasiness  an<l  a  general  hypera*^thesia  tlien  come  on  :  the 
quickens,  sometimes  becoming  very  rapid,  and  the  respiraiious  are 
portionat-oly  hurried  and  shallow,  with  now  and  again  A  deep  breatlii 
though  the  |>atient  bad  just  lioen  plunged  into  ice-cold  water.     On 
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!B«concl  or  third  Jay,  or  evon  a  little  later,  the  symplomB  bocomo  more 
■proriomictrri  ai:d  characteristic,  the  patient  Ueconnis  iiUR'h  more  excited  ; 
li*"  wanilers  ahoiil,  is  restlcsH  and  agitated,  speaks  diaconneotedly,  and 
may  Itc'conie  slightly  and  intermittently  <k'lirious  ;  he  seldom  fixes  his 
eye«  on  anything,  ami  is  constantly  givin*;  guspicions  side-glances,  as 
though  on  the  outlook  for  rouiu  Intlden  danger ;  the  |Millor  hei'onies  more 
niArked  ;  the  eyes  are  bright,  and  the  conjunctiva,  like  the  mucous  mem- 
bmne  of  the  mouth  and  fauces,  is  markodl_v  congested.  On  the  congested 
<mucou8  surfaces  there  i^  usually  an  accumulation  of  thick,  tenacious 
■|fecu^,  and  in  his  efl'orts  to  expel  it  the  patient  emiu  a  harsh  coughing 
^■ind,  which  ib  likened,  not  very  aptly  liiit  very  naturally,  to  the  barking 
of  a  dog.  Though  thirst  is  often  a  prominent  symptom  there  is  usually 
great  difficulty  in  swallowing,  especially  fluids.  At  first  the  patient  is 
anxious  to  dnnk,  and  he  makes  the  most  determined  cfTorta  to  do  so  ;  hut 
the  moment  the  fluid  comes  in  contact  with  the  fauces  it  is  expelled  with 
considerable  violence,  and  severe  sp-'iamodic  contractions  of  tlie  muscles 
nf  deglutition  and  of  ordiriaiT'  and  extraonlinary  reapiralion  come  on  : 
this  condition  is  often  followed  by  a  tetanic  state,  with  marked  op»- 
tbotonte  and  temporary  cessjition  of  respiration.  The  *'  tendon  reflex  " 
and  akin  reflexes  may  be  markeitly  increased.  These  symptoms  may 
abate,  only  to  reeui*  when  another  attempt  is  nuule  to  drink  ;  or  even  on 
the  stimulation  of  a  sharp  sound,  a  touch,  a  bright  light,  a  strong  odnur, 
a  breath  of  air,  or  the  mere  sound  of  water:  ultimately  indetsl,  after 
making  one  or  two  attempts  to  swallow  fluid,  the  vei-y  sight  of  water 
causes  such  terror  to  the  pjitient  that  he  is  anxious  to  avoid  it.  In  some 
cases  "8ud<ien  severe  throat-spasms  have  l)een  the  first  symptoms";  and 
attacks  of  vomiting  often  come  on  at  this  stage,  greenish-brnwn  liquid 
being  thrown  up.  The  sympc^jms  so  notice<i)jlo  in  the  dog — the  desire 
to  l>e  alone,  the  suspicion  of  every  movement,  the  siU'liness,  aUrrnating 
witli  {Kiriods  (»f  extreme  excitement — are  noticeable  also  in  the  human 
iubjeet.  The  delirium  as  a  rule  is  intermittent ;  the  p^uient  rambles, 
but  can  be  brought  )>ack  to  consciomnoss  and  qiuetness  by  his  attendants, 
though  in  some  cases  he  may  have  maniacal  attacks,  during  which  he 
may  attempt  to  murder  those  of  whom  he  entertains  suspicions.  During 
the  eiirly  st^ige-s  of  the  disease  increased  sexual  desire  is  often  a  marked 
symptom,  and  in  the  later  sl-ages  it  becomes  still  more  troid)]csome.  The 
urine  may  contain  sugar,  albumin,  or  even  blood.  The  repejited  attacks, 
however,  mpidly  exhaust  the  i>atient  and  if  the  di«e:ise  be  somewhat 
prolonged  there  may  be  great  wasting.  "The  pulse  becomes  quick, 
irregidar,  and  small  in  volume,  and  respiration  <puck  and  shallow,  a  dtep 
inspiration  often  inducing  a  convulsive  attack,  tenacious  mucus  acctunu- 
lates  in  the  mouth  and  fauces,  articulation  is  thick  ;  later  the  con\*ulsire 
attacks  increase  in  fre<{uency,  and  death  from  asphyxia  m:iy  occur  during 
one  of  them.  In  other  cases  the  i)rogress  is  slower,  the  eyes  '"sink," 
the  brow  sweats,  the  lips  become  blue,  and  the  patient  dies  of  slow 
asphyxia,  or  occasionally  an  almost  complete  remission  of  convulsive 
attacks  may  precede  death  from  exhaustioik,   the   mind   in  other  cases 


remaining  dear  to  the  cod'*  (MakiiiB).     Bomtritmes  n  conditiun  mvA 
correspondB  to  tbti  dumb  or  {>arulytic  mbies  of  nnimiUe  anperrMH^« 
may  he  present  from  the  outset.    FoUowino:  the  tnatiiacal  or  lariooi  Ian, 
the  symptoms  beoome  loss  marked,  gTou|>s  of  muscle*  become  panlrwl 
Aini  the  movcmeiiU  ataxic  and  aimle^  there   may    !>e   facial  jainl^ 
hemiplegia,  or  even  paraplegia  before  tht*  liiial  issue  ;  the  pulse  bn^fflw 
*•  thready,"  the  pupils  dilate,  and  the  patient  miccural>5  in  a  oi 
attack.     These  pumlytic  symptoms  muy  in  certa.in  casea  chanu-tc: 
attack  from  the  onset  of  the  disease  ;  there  is  no  stage  of  cxci:  i 
and  the  patient  with  all  the  other  symptoms  of  hydrophobia,  ■ 
depression  of  spirits,  tibouting  pains  at  the  siio  of  the  wound,  h^i 
local  or  general,  difficulty  of  swallowing,  and  impaired  respinition. 
are  other  (.-ases,  it^aitij  in  which  the  only  Hynipt<jm8  un*  thtw;  of  I. 
|>aralysis — an  acute  ascending  jMralysis  beginning  in  the  lower  lit 
gradually  spreading  upwards  until  the  muscles  of  the  neck  and  1.^^  — 
involved.     This  condition  apfie-ars  to  be  dtie  to  a  later  oxtensioo  of  ihi 
(lisejise  to  the  cord,  except  in  those  lilscs  in  which  the  [HiiAon  fi   >    ^ 
nibid  animal  makes  its  way  directly  into  the  voins.      It   is  priii. 
this  reHsoii  that  the  dtiinli  or  imralylic  form  of  the  diseiiM*  is  so  fn 
met  with  in  animals  in  which   iivbies  has  been  produced   experih 
The  course  of  the  disease,  from  the  time  of  onset,  varies  conndi 
diflferent  cases,  hut  in  one  series  of  378  cases  (French)  more  thnu  ..•■  f-«.. 
cent  died  on  the  fourth  day,  23  per  cent  on  the  secomK  18  on  the  third, 
nearly  9  per  cent  on  the  sixth,  and  over  r»  jior  cent  on  the  fiftli  diyfc 
(Jnly  one  Ciiae  out  of  the  wliule  series  living  on  t«  thi*  lUternth  day. 

Oiaernosis. — The   only  diseases   ^viih  which    rabies  is   usually  «» 
founded  are  hysteriii,  insanity,  tetanus,  and  Ijindry's  jiaralvsis.    Tli-  fint 
of  these  can  lie  discarded  only  after  a  caivful  study  of  the  sy^nipt*  ^ 
after  eh'minaling  the  possibilities  of  infection  by  the  bite  of  a  rah  • 
whore  patients  have  been  bitten  by  dogs  that  were  not  rabid,  an'l   ^  ■ 
never  manifested  any  signs  of  hydrojihohia,  the  diagni»is  can  of  cvam 
bo  settled  at  once  ;  but  in  some  cases  in  which  hystcina  is  associated  witli 
mania,  or  in  u'hich  there  is  great  mental  disturltance,  the  diagnot-is  t^oftCB 
a  matter  of  some  difticully,  a  difliciiliy,  however,  which  as  a  ndc  d*-^-'!'^f 
extend  beyond  the  fourth  day  of  the  disease:  under  these  conditi 
patient  may  (especially  if  fear  of  the  result  of  a  bite  even   fmrn       i 
rabid  animal  be  the  cause  of  the  hysteriji)  bark  and  biio  or  -'-iTi    .i."  -* 
continuously  ;  but,  sa  bus  frequently  Ijeen  pointe«l  out,  theM- 
not  suffer  from  the  characteristic  respiratory  sftasm,  which,  :i        -    '  -■ 
by  a  peculiar  catching  of  the  breath,  is  said  to  be  pathognomonic  of 
rabies.     Tetanus,  which  sometimes  follows  the  bite  of  a  dos:,  may  br 
distinguished  by  the  shorter  incubation-period,  the  tonicity  of  the  f\mmi, 
and  the  contraction  of  the  levatores  anguli  4)ris  whinh  gi\e«  the  grinning 
expression   peculiar  tu  tetanus,   so  ditVerent   from   the   luigganj,   Lunt*d 
look,  characteristic  of  rabies;  the  market)  rise  of  tem|MTilurw  that  orrow 
in  teUnus  is  also  said  U>  distinguish   it  sharply  from   hydmphohiaw  in 
which  the  temperature  is  never  much  raised,  and  may  be  uonnal  or  et<» 
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nahnormal.  Sir  W.  Gowers,  however,  mainUins  that  this  is  not  accurate, 
Mid  Kiys:  "At  the  outset  the  elevation  is  trifling  (occasionully,  itidectl, 
fluent),  iind  throughout  thtj  ilise;ise  it  may  remain  miwJeiHte,  10()'  to 
lOl^F.  More  frerjunntly.as  the  symptoms  iiUTe^we,  so  does  the  pyrexia, 
Hiid  it  mounts  to  103"^,  iOl",  or  105  F.,  and  may  even  rciich  a  still  greater 
height  just  l)efore  death,  and  may  continue  to  rise  for  a  short  time  after 
Hoath.  A  rectal  temperature  of  I08'8°  has  been  observed  twenty 
tuinutes  after  death  (Uandford)."  Diagnosis  between  hydrophobia  and 
Landry's  pjti-alysiH  may  be  poRsible  ordy  after  a  careful  study  of  the 
listory  of  the  attack  has  been  made. 

Certain  other  conditions  simulate  hydrophobhi,  and  hydrophobia  in 
Axm  hiui  sometinie*  l.>een  miataken  for  them.  It  may  be  accepted,  how- 
iver»  that  iti  any  case  where  the  peculiar  mental  deprei^iou  is  followed 
>y  a  stiige  of  excitement  accompanied  by  repeatedly  recurring  pharyngeal 
mil  respirjilory  sjwffins,  induced  in  consequence  of  marked  hyjierrt'sthesia 
.0  light,  KfMind,  or  shock,  the  disejise  can  he  nothing  but  hydrophobia. 

Some  of  the  above  symptoms  may  be  met  with  (hiring  the  course  of 
ui  attack  of  acute  mania,  of  dt>liiium  tremens,  of  Htnimoniuni  or  bc.lla- 
lonna  poisoning,  and  of  pressure  at  the  base  of  the  brain,  but  in  none 
ire  they  all  present,  and  this,  with  the  history  and  duration  of  the  case, 
utiially  settles  the  matter.  Murie  points  out  that  where  the  phrenic 
lerve  is  involved,  as  in  pericarditis  or  in  diaphragmatic  pleurisy  there 
nay  be  [uiinfid  and  (lifKcult  deglutition  and  even  respinitory  spjiam, 
j)it  in  such  cases  the  other  characteristic  symptoms  of  hydrophobia  are 
ibscnt. 

The  method  of  iliagnosis,  used  by  Pasteur,  of  injecting  small  por- 
ituHB.  of  the  cord  of  the  animal  8up[)uscd  to  1>c  rabid  into  the  subdural 
tpiice  of  a  rabbit,  although  sometimes  loo  late  to  guide  ns  to  use  :iny 
(pecial  antirabic  treatnient,  has  invariably  Ijeen  resorted  to,  ofien  merely 
'or  the  sake  of  reassuring  the  patient  —  especially  if  he  \h:  nervous, 
rritablc,  or  hysterical.  The  great  and  protracted  mental  strain  after  a 
iog-bite  is  often  very  greiitly  relieveil  when  the  result  of  the  inocida- 
>ion  is  negative ;  if,  on  the  other  hand,  {K)sitivc  results  are  obtained, 
,he  patient  is  no  worse  otT  than  l)eforc,  unless  it  is  thought  necessary  to 
nuke  him  act|iiuinted  with  the  diagnosis.  An  inoculation  is  therefore 
nade  in  every  case  of  suspected  rabies,  if  the  dog  can  K*  identified  and 
■ocured- 

Sables  in  the  dog  is  in  many  cases  ver^'  similar  in  its  clinical  history 
o  the  furious  form  of  hydrophobia  in  man,  except  that  it  does  not  take 
he  form  of  hydrophobia.  The  incubation-period  seldom  lasts  l>eyond 
ixtv  days.  Towards  the  end  of  this  incubation-perio*!  there  is  often  a 
listinct  rise  of  tomperature,  nsually  lasting  for  two  or  three  days  ;  the 
oiimal  loses  its  desire  for  human  company,  becomes  morose  and  sullen, 
.nd  hides  un<ler  sofas  and  chairs,  or  in  quiet  comers.  It  then  becomes 
aore  irritable;  if  at  rest  it  snaps  at  anything  that  is  presented  to  it; 
rhen  left  undisturbed  it  goes  about  snapping  as  if  trying  to  catch  flies : 
here  is  congestion  of  the  mouth,  tongue,  and  fauces,  and  marked  salivation ; 


ihe  mucus  is  slicky  and   reaiiily  becomes  frothy  ;   the  amjunctiTXi 
red ;   the*  animul  wiU  ufteii  run  stnughi  ah&Ad,  turning  D«itlicr  la 
right  nor  to  thu  left,  hut  saappitig  at  everything  that  comes  in  iu  «i) . 
]>ervGrte<l  in  app^^tito,  it  may  swallow  any  kind  of  rubhish.  ao  that  dtir 
death   sinall   stonus,  buy   and    straw,  )iair,  shavinjfs,  luta  oC  wood,  ak 
thu  like  may  Im?  found  in  lis  titomach  which  in  some  coaes  is  much  (ti^ 
tcndod :   tlic  animals  do  not  avoid  wutvr,  and  in  o&sociatiun  vtili  r=u 
it  has  been   noted  that  thoro  ia  litile  or  no  cuUneoua  hypene- 
Thf  Uirk  usually  becomes  changed  into  a  series  of  charactvri&tic  i 
which,  beginning  with  a  short  low  nolo,  ends  with  a  lon^  tu;{hGr    ■  ■ 
it  has  also  a  peculiar  metallic  ring  iGnwera).     The  appetite  then   '-. 
to  sutrtiff  fuuti  is  im|>erfcrt1y  nm}<ticMc<l  and  tinalty  cannot  \te  iivrah    ' 
but  the  jinimal  never  suH'ci-:»  from  hydrophobia.     Knmciatinn  Mst»  n.   > 
in  the  later  stages  of  thu  <liseasc  the  muscles  of  the  bind  lixulj*  umI  -^ 
lower  jaw,  the  latter  of  which  ilroj>s,  may  be  paralysed ;  the  uiudss  ti 
other  (hirts  may  also  he  aH'octed. 

The  ](aralytic  form  appears  in  from  15  to  20  per  cent  ol  tk 
cases  of  rabies  ;  in  Turkey  almost  every  case  assumes  this  form.  Thf 
animal  so  attacked  suffers  from  most  nf  the  aymptoma  met  with  »n  lb» 
furious  form,  but  he  is  fiuiot.  wmnot  be  provoked  to  bite,  is  appimiil. 
hyi>oson8itive,  though  sometimos  there  is  evidence  of  irritation  uc  dx 
site  of  the  bite,  the  appetite  remains  good,  but  (lie  jaws  finally  Uvfta- 
pandysed,  espooially  in  dumb  rabies,  and  death  takes  plaoo  in  two  nr 
throe  ilays. 

Prognosis. — The  percentAg;e  of  deaths  of   pationis  bitten  hy  mKid 
dogs  w;i.s  given  variously  at  from  5   to  r»0  per  Cent  l»efore  the  mtroloej 
tion  of   Pasteur's  treatment.*     The  most  trustworthy   ligtire*,  howfi 
give   the   mortality  at    ItJ   jxir  cent  of  those   bitten    by  rabid 
This  percentage  included  practically  all  thoao  in  whom  the  sym| 
true  hydroj)hobia  appeared  ;  that  is,  those  eases  were  left  out  of 
in  which  merely  subjective  jMtin  and  other  phonnmena  were 
the   wound   caused    by   the   bite,  and   after  which   nothing  mora 
hyateriad  symptoms  supervened.     The   i«tient  almost   invariably 
cuml>a  withiti  four  days,  sometimes  after  as  short  u  (icriod  as  twi 
houi-s  after  the  onsot  of  hydrophobic  symptoms. 

Treatment. — The   old   treatment   consisted   simply  in   tnc< 
bleeding  from  the  wound  ;  or  first  excising  the  wound  or  sear 
encouraging  the  blcetbng  by  means  of  a  ligature,  or  by  warm 
cupping-glasses ;  the  raw  surface  was  then  freely  cauterisetl  with 
potash,   nittic  acid,   nitrate    of    mercur)*,    lunar   caustic,   or   tbr 
cautery.      In  some   cases  it   was  even   recommended   that    the 
sliouid   be  carefutiy  Aucked  by  a  person   whu,   of  wturs^,   shuuh 
no  wound  nr  abrasion  of  tlic  lips  or  mouth,  care  lleing  taken  to  vsik 


'  Botllnp}r  «Utw  that  IVnm  a  seru-*  of  colt»('t«<l  *t«U«UrA,  It  may  b*  fftthwwl 
nil  {«UcutM  Ijittrn  hy  ttoir>  iiQilouMvillv  rabiil,  47  per  lhiqI  •iiH'it  itiitl  dlv  troni  byilr 
When  tbii  wouuits  liave  nnt  Imcn  ciiQt«!n.iuil,  8.1  pn  crut  of  Uie  c»»m.  mccotttb ;  m] 
lisve  hoen  aiut«riM<il,  in  ^ofoe  cA«ei  not  vvrj  proin|(Uj,  S^  \*t  c«rnl  die 


HV DUO  PHOBIA 


S39 


Jie  mouth  out  most  carefully  Tfetweeu  each  application  of  the  lips  to 
.he  wound.  It  is  doubtful  whether  tho  disease  ever  ninnifests  itself 
ifter  buch  treatment,  when  folloueil  imiiiediately  hy  the  application  of  a 
(owerful  amstic,  and  ea]>ecially  if  the  wound  I>e  small.  Where  no  actual 
round  has  been  ninde  by  the  weth,  the  part  should  bo  carefully  w.oshed 
rith  some  antiseptic  lotion.  The  sufferings  of  the  jKitients  nuiy  be 
elieved  hy  sul>c  titan  eons  injections  of  morphine.,  inhalation  of  chloroform. 
If  suppositories  of  morphine.  Biwmide  of  potassium,  chloral,  and  Calabar 
wan  are  also  recommended  ;  three  cases  of  cure  are  reported  us  due  to 
iirara,  a  drug  whicli  is  tolerated  in  Inrge  doses  in  this  condition.  Sir 
K.  Gowers  recommends  doses  of  ,'„  to  }  gnu'n,  to  be  given  every  ijuarter 
tr  half  hour  until  mu.scidar  luirdynifi  wtnies  on  ;  thi.s  is  repeated  as  the 
ifl'ecl  wears  off.  The  smnc  author  mentions  that  I'olli  gave  three  grains 
A  curam  in  five  and  a  iialf  hours  to  a  child  of  twelve  yeara  of  age.  The 
Mtient  should  \w.  jilaced  in  a  (jni«t,  warm,  dimh'-lighted  room,  and 
arefully  WHtchod,  the  greatest  eare  being  tnlccn  to  prevent  inoculation  of 
vounds  with  his  sidiva  ;  nnd  (-hould  the  nurse  \^  bitten  by  the  jxitient, 
us  aomeiimcs  hapfHUis,  es|>ecially  dining  the  hystoricjil  and  mjmiacal 
itAges  of  the  disrjuso,  the  bite  shr»ulfl  be  treated  as  that  of  a  mud  dog. 
Vt  one  time  Turkitsh,  Knifsian,  and  steam  Kuhs  (BuissonJ,  and  wet 
sirks  were  also  extensi^eIy  used,  hut  with  little  or  no  beneficial  residt. 
Tracheotoniy  has  also  been  reoonimended  when  the  larjnigeal  muscles  are 
greatly  affected  :  but  as  the  inspiratory  rausclea  soon  become  paralysed. 
Jiia  measure  obviously  can  gi\e  hut  temiwrary  relief.  All  general 
.reatment,  indeed,  is  merely  palliative,  and  is  usuidly  directed  to  the 
naintenance  of  the  strength  of  the  patient.  Even  Pasieurs  antinibic 
reatment  apijcars  in  most  cji.ses  to  W  unavailing  when  symi*tonis  of  the 
lisease  have  manifested  themselves  ;  but  if  this  treatment  can  bo  applied 
luring  the  early  part  of  the  period  kA  incubation,  in  cases  up  t^)  the  sixth  day 
tnd,  in  some  cases,  even  up  to  the  tenth  day  after  the  infliction  of  the 
round,  a  much  larger  percentage  of  the  cases  bitten  may  end  in  recovery. 
iVhen  the  wounds  are  severe  the  gre:ite8t  csire  shoidd  bo  taken  to  keep 
hem  clean  and  p^■^^perly  dref*st!ii  <lnring  the  period  of  Pasteur's  antirabic 
^ijeatment.  Tlie  patient  should  be  kept  fram  inolent  exercise,  but  in  the 
jbih  air,  his  diet  should  be  noinishing  but  digestible  and  non-stiniidating. 
5ttring  the  coui*se  of  treatment  and  for  some  time  iffter  it  lias  ceased 
dcoholic  drinks  of  all  kinds  should  be  strictly  forbiddctL 

Piutrur'a  trmimeM  of  hf^hopbohiti  h  hasfd  tw  the  knowlrdge  that  rabir  rims 
nay  In  itifen.^ifi'^ii  or  atfrmtahd  af  will.  He  first  observed  that  the  tissues 
ind  fluids  Uiken  from  rabid  animals  varied  considerably  in  their  vinilence, 
hen  that  the  virus  taken  from  similar  positions — say  the  cerebrospinal 
liiid — had  always  the  aame  action  in  the  same  species ;  but  that  fluid 
jikcn  fi-om  an  animal  of  a  different  species  was  weaker  oi-  stronger  its  the 
:a»e  might  Iw.  Thus,  the  eerebruspinal  fluid  of  a  series  of  dogs  is  of 
constant  i^trengtii.  and  inoculations  made  from  dog  to  dog  regularly 
produce  death  from  rabies,  the  animals  passing  through  an  incubation- 
period  fairly  constant  in  length,  and  through  a  series  of  similar  symptoms 


ending  in  death  at  the  s»me  term.     If,  however,  a  series  of  monkm 
iiiocnlalfid,  the   virus  gradiially   beconuw  more  and   more  attmniM 
sucuessivu  ainmals  tintd  eventually,  after  the  disease  has  nui  a  Ir«g 
and   loM^L'i'  coiii-ae,  there  Cfjinoa  a  liniw  at  nliich  the  virus  iti  nn  Vmsff 
eutticiontly  active  to  cau&o  death.     If  this  attenuated  fluid  V*e  mtw  lowai 
through  a  series  nf  rabbits,  dogs,  or  guinea-pigs,  it*  virulence  gradtaltr 
rises    until    the    orijdna)    intensity  is   reache<L      If    r;ucc«(isive   inocn 
tioiis  he  made  into  iiihhits  with  tluid  either  from  the  dog  or  Urn  SMml 
the  virulence  nia}'  lie  bo  exalted  )>eyond  that  of  the  virus  Uikvu  from 
street  dog,  in   which  the  inciibHtion-[ierioil   is  from   twflve  to  four 
days,   that  at  the  end  of   the   hundredth  passage  the  incuhation  |*rif»f' 
may  be  rtfduced  ut  about  seven  daya,  or  even  to  six.     This,  the  stumgrv 
^■ini3  obt-ainablo,  \vas  cidlcd   by   Pjisteur  the  "  virus  6xe."      linhiv  vinii 
apjHiurs  U}  be  att^*nuated  by  the  nctioii  of  htfat  and  of  cerUiu  chemii 
If  it  lie  Hubjecled  foralxiut  an  hour,  to  a  teiu{>eriiture  uf  50"  C.  itM  netii 
is  completely  destroyed,  or  in   half  an  hour  if  to  a  tempeRUurv  of 
A  5    |wr  cent  solution  of   carbolic  acirl,  acting   for  the    name   frt 
seems  to  exert  a  similar  efiect :   ;ls  do  likewise   I    i>rr   1000  solntioM 
porcldoridc  of  mereiuy,  ac<aic  acid,  or  pernian^riuiate  of  pofish.     Accii 
to  lUbfls,  the  virus  rapidly  loses  its  strength  on  oxpueure  toniresiH 
in  sunlight ;  trhen   pi'otect«d  from   light  and  air  it  reCAins  itb  virul 
for  a  long  period.     Active  virus  has  Iteen  obtiiine<l  forty-four  days 
death,  and  lias  been  obtained  from  a  glycerin  extnict  kept  for  a  mt 
It  is  of  iniport^nne  to  rnmendMir  this  action  of  heat  and  of  anli^cptir 
chemicid    substances   when   considering    the    twtiiro  of   the   vinw;  U 
although  perinanganate  of  pot^ish  might  act  simply  as  an  activr  oxulia 
agent  upon  the  manufactured  toxin,  heat  and  the  other  cheraimU  apf 
to  act.  rather  as  they  are  wont  to  do  upon  micro  orgunisuis  and  «iu 
If  this  be  the  case,  wo  have  additional  evidence  that  the  vinis  n  or^nii 
In  his  early  experiments  Pasteur  observed  that  tbu  cords  ijif  Tfi^i 
that  liad  been  dead  for  so!ne  time  contained  less  virulent  poison  tlwo 
the  eorrls  of  animaU  freshly  kille<l ;  this  was  es[>cciaUy  liie  c»sc  when  H 
air  was  lUy  and  the  cord  prot4x:tt'4l  from  putrefactive  processesw     At 
end    of    fourteen   or    fifteen    days   the    rabbit's  cord   kepi   under  tStc 
conditions,  completely  loses  its  |»ower  of  setting  up  rabic  synipionf ; 
this  case  tlie  i>orio«l  at  which   the  virus  beconi<.-iS  inactive  appean  to 
deterniineil,  first,  by   the  dryness  nt  thf^  alm<»spherp  ;  and,  eocomfir. 
the  size  of  the  cord  ;   ns  the  more;  slender  the  cord  the  more  mpiil 
loss  of  vindence.      It  is  possible.,  however,  that  this  1(i«s  of  vinilrnrr  i 
be   due   to  a  diminution   in   the  ipuintity  of  virus  mthcr  than  tu 
alteration  in  its  <pialit3%  and   Hiig^ves  and   Rinlacirs  ex])erimenla  on 
dilution  of  the  virus  with  saline  solution,  or  with  distilled  water,  aj»j- 
to  indicate  that  there  miiy  be  some  such  ratio  of  quantity  to  prrirtl 
incubation  and  intensity  of  attack.      Tixzoni  and  Centanni,  by  subject 
''virus  fixe"  to  a  process  of  peptic  digestion   by  means  of  the  a«ldit 
of  diluted  gastric  juice  for  varying  periods,  mv,  able  to  obtain  mbic 
of  varying  degrees  of  intensity.      These  methods  of  Hlteuuatioii 
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intensiHtntioii  havD  been  most  ciiriifiilly  forked  oul;  an  it  was  evident 
Ithiii  ft  method  of  protective  inoculjition  must  dejwnd  entirely  upon  the 
Dossil^fility  of  the  production  of  protective  vaccina  of  diirereiit  strengths. 
Id  Iii^  earlier  experiments  Pusteur  selected  a  scries  of  mbic  poisons 
^giuiiing  with  that  obtained  from  the  spiniil  coixi  of  the  monkey — from 
the  very  weak  to  the  strongest  that  he  could  obtain  in  this  animal  ;  then 
■MNng  thron,<,'h  a  similar  series  obtained  during  the  process  of  (exaltation 
Hfthe  vims  by  [Nissage  through  a  number  of  labbits.  By  Jnocidating 
dogs  suW.utaiieoiisly  with  virus  taken  from  a  sen*.'s  commencing  with  the 
weakest  from  u  monkey,  and  graduall}'  working  up  througli  that  obtained 
from  the  rabbit — from  the  earliest  to  the  latest  in  the  series — the  animals 
Vierome  immune,  not  only  against  sulieutaneous  injection,  but  Hg:dnRt 
Bubtlund  injection  with  "  vims  fixo  "  ;  and  also  against  the  bite  of  a  rabid 
dog.  tiuch  a  method  as  this,  however,  hatl  several  disadvantages,  and  wiia 
not  absolutely  certain  in  its  action,  oidy  liftfcn  out  of  twenty  dngs  being 
completely  protected.  Pasteur,  therefore,  assisted  by  Chamberland  and 
Koux.  devised  a  more  trustworthy  and  accurate  method,  A  number  of 
conls  cut  into  short  segments,  which  were  hold  in  aeries  by  the  dura 
inat^r,  were  suspended  in  sterile  glass  flusks  plugged  with  cotton-wool, 
i;nd  contairnng  a  tiuantity  of  some  hygroscopic  material  such  as  potassium 
hydnite  ;  each  rtusk  with  its  contents  wius  kept  at  a  temperature  of  72 
F.  (al>out  2'J  I'.).  The  cord  when  taken  out  at  the  end  of  the  first 
twenty-four  hours  was  found  to  be  almost  as  active  as  the  fresh  untreated 
conl ;  that  rcmovei!  at  the  end  of  forty -eigbt  hours  was  slightly  lews 
active  than  that  removed  twenty-four  hours  prenously  ;  and  the  diminu- 
tion in  lindence,  though  gradual,  progresstd  regidarly  and  surely  until 
at  the  end  of  the  fourteenth  or  Hfteenth  day  the  virus  was  inactive.  An 
emulsion  of  the  cord  of  the  last  <lay  was  made,  and  a  certain  (piantity 
injected  into  a  dog  that  had  been  bitten  ;  this  was  followed  by  an  injec- 
'tion  of  an  emtdsion  of  a  thirteenth-<lay  eord,  and  so  on  imtil  the  animal 
had  been  injected  with  a  perfectly  fresh  and  therefore  extremely  activu 
cord  corresponding  to  the  "virus  fixe."  Aturaals  treated  in  this  way 
were  now  found  to  }>e  absolutely  protected,  even  against  subdural 
iiMK-ulation  with  considerable  quantities  of  "  virus  fixe  "  ;  and  protective 
inoculation  against  rabies  bad  become  an  accompli  shed  truth. 

As  it  would  be  very  undesirable  to  inject  any  but  those  persons  who 
bad  actually  been  bitten  by  a  rabid  or  presumably  rabid  animal,  Pasteur 
continued  his  cxpenmonts  in  order  to  see  whether  it  would  not  be  possible 
to  cure  a  |»atient  already  bitten,  and,  as  it  were,  to  steal  a  marcli  oti  the 
virus  introduced  through  a  bile.  He  foutid  thut  if  the  pi-ocess  of  inocu- 
lation l»e  begun  within  five  days  of  the  inlliction  of  the  bite,  almost  every 
animal  bitten  can  be  saved  ;  and  that  even  if  the  treatment  be  commeuceil 
at  a  longer  interval  after  the  bite  a  certain  proportion  of  recoveries"  may 
still  be  obtained,  un<l  that  the  "protection"  would  last  for  at  least  two 
years,  and  probably  longer.  Then  an  opixirtunity  came  to  apply  the 
treatment  to  the  human  subject.  The  description  of  the  case,  that  of 
Joseph  Meist^r,  has  now  become  classical.     This  lad,  nine  years  of  age, 


wiLS  bitten  severely  on  the  arms  and  lo^s  by  u  mad  dog  on  the  lih  h\ 
1885  ;  liU  worst  wuunds  were  cfiutensed  with  curbolic  ncid  about  twrttll 
hours   after   the   bite.      The    dog  was  nndoubtedly   nuui,   and  it  m 
t'oeogniBod  chat  under  the  oi'dinary  methods  of  treatment  there  wiu 
chance  of  the  survival  ot*  the  patient ;  it  was  resolved,  therefore*  to 
the  treatment  which  hjul  been  so  successful  in  the  case  of  dogs,  iiiwl  »l 
give   him   the   only   ap[Kirent  chance  of  recovery.     Thirteen  injwti 
were  nuule  in  ten  days  :  two  on  the  first  day  with  eiunlsiuritj  uiwle  It 
cords   that   had    t>een   exposed    to   dry  air  for   fourteen   and   u-n 
respectively  ;  two  on  the  second  day  with  emulsions  of  cords  iha? 
been  exposed  for  eleven  and  ci^ht  days  respectively,  and  then  on  ttwb 
tlio  following  (lays  up  to  the  tenth  with  emulsions  of  cords  rr|«cH«vl  frr' 
eight,  seven,  and  six  days  dnwn  to  one  liay  ;  luid  on  the  last  »1  '• 
that  of   thu   fresh  curd   of  a  mbbit   in  which  the  virim  retjitncd  : 
Wrulence.     In  order  to  control  the  re^tdts,  for  every  injection  that 
made  into  the  child  a  corresponding  one  was  made  into  a  rabbit :  ami 
wtiH  found   that  of   the   tive   nibbits   so   imxiulated   Mith   the  first  M 
injecting  materials  not  one  manifested  symptoms  of  hydroT'! 
the  other  eight  all  succumbed  to  the  disease,  the  ]»ehod  at  ^  ,^' 

died  iMsing  shin'tei*  .'is  the  coiils  exposeil  to  the  tlry  air  for  rhortcr  ad 
shorter  times  were  sucuessivoly  injected.     The  patient,  ihua  gnt'Iiu'lv 
prepared  by   the  earlier  inoculations,  mths  not   in   the  slightest 
affected  by  the  stronger  virus ;  and  five  yeais  aftenranU  the  Ui\  T^ai 
still  perfectly  well. 

The  chance  of  success  in  the  human  suViject  appears  to  be  ei 
gi'eater  than  in  the  dog  or  rabbit,  seeing  that  on  account  of 
resistance  offered  by  the  human  tissues  to  the  virus,  the  |)cri«! 
incubation  is  comparatively  prolonged  ;  thus  there  is  an  opporlunitt 
obtiuning  immunity  if  the  process  of  vaccination  be  commenced  «ocn 
after  the  bite  has  been  inflicted,  the  protection  l>ecoming  complete  hdwr 
the  incubation -perior]  has  passed,  the  vims  in  the  system  then  hannig 
no  more  charice  of  afiecting  the  nerve-centres  than  lias  the  •'  vim?  fi3 
when  injected  under  the  dura  mjiter  of  a  |>rotected  animal ;  the  nr 
centres  having  become  gnidiiaUy  acclimatised,  as  it  were,  to  the  prrscf 
of  the  rabic  virus,  and  able  to  carrj-  on  their  proper  ftnictions  even  i: 
presence,  until  in  time,  like  the  microbial  [kmsous,  it  is  gradi 
neutralised  and  eliminated  from  the  body.  Pasteur  afterwards  m^^^\\^^ 
the  metho<l  somewhat,  and  used  injections  of  con  Is  up  to  the  thinl  < 
This  *'sim])le"  method,  as  quoted  by  Marie,  is  given  in  the  fotloi 
Uble : — 
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Day  of 
Trratment. 

Number  uf  Dayit  that 
Bntn  had  btHio  desiccated. 

Dose  iQJeetod. 

Ist  day 

Brain  of(}^^^^y« 

Ill  dose  of  3  c 

c.  oremnlsion. 

2od    ., 

|12     .. 

3rd    .. 

/lO    „ 

4th    „ 

/   8     „ 
17m 

0th    „ 

2  c 

C. 

6th    „ 

5     ,. 

7th    „ 

5     ,, 

8th    „ 

i>                 4      It 

»th    „ 

M                     3       „ 

Ic 

C. 

10th    „ 

5    .. 

2  c 

c. 

11th    „ 

5    „ 

12th    „ 

It                 4      ,, 

13th    „ 

n                            '         »> 

14th    „ 

3    „ 

15th    ,. 

3    „ 

It  was  soon  evident,  however,  that,  although  this  method  was  effica- 
cious when  the  wounds  were  not  severe  and  were  confined  to  parts  in 
which  the  nerve-supply  was  not  extensively  interfered  with,  it  was  often 
quite  inadequate  in  serious  cases,  when  the  wounds  were  on  the  face,  or 
had  been  inflicted  by  a  mad  wolf,  the  virus  of  which  is  considerably  more 
active  than  that  of  the  rabid  dog  of  the  streets.  In  these  latter  cases 
the  number  of  injections  which,  in  the  simple  treatment,  are  spread  over 
five  days,  are  made  in  three  days ;  then,  on  the  fourteenth  day,  a  fresh 
series  of  injections,  or  rather  repetitions,  is  begun,  which  bists  until 
the  twenty-first  day.  This  "  intensive  "  method  is  given  in  the  following 
table :— 


Number  of 

Number  of 

Day  nf  Treatment. 

Days  tliat 
Cord  had 
been  desic- 

I>osf in- 
jecUMl. 

Day  of  Treatiiipnt. 

Itnys  thnb 
Coni  liad 
been  desic. 

I>OHe  in- 
jected. 

cated. 

cated. 

4  dayif 
3    „ 

5  „ 
5    „ 

lat  day 

mom. : 
even. [ 

14  days 
13    .. 
12    .. 
11    .. 

le.e. 

8th  day 
9th    ., 
10th    „ 
11th    „ 

2  c.c. 
1-5  cc. 
2  c.c. 
2  c.c. 

2nd    „ 

morn.  I 

10    ,. 
9    .> 

y... 

12th    „ 
13th    „ 

4    „ 
4    „ 

2  c.c. 
2  cc. 

even.  \ 

8    ,. 
7    ,. 

lUh    „ 
15th    „ 

3    „ 

3        M 

2  c.c 
2  cc. 

3rd    .. 

morn. 

6    „ 

}.c.e. 

16th    ., 

5    „ 

2  cc 

even. 

6    „ 

17th    ,, 

4    „ 

2  c.c 

4th    .. 

r.  „ 

2  c.c. 

18th    „ 

3    ,. 

2cc 

5th    .. 

r»  „ 

2  CO. 

19th    „ 

5    „ 

2  c.c 

6th    ., 

•1          M 

2  c.c. 

20th    „ 

4    „ 

2  cc. 

7th    ., 

3  „ 

1  C.C. 

2l8t     „ 

3    „ 

2  cc 
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in  order  to  obtnin  a  constant  virus,  makes  a  mixture  <.if 
cords  which  have  been  exposed  to  the  drying  process  for  three  or  four 
different  periods.  He  inoculates  at  least  twice  a  day,  and  in  very  severe 
cases  more  frequently  ;  moreover,  he  uses  larger  quantities  of  the  prot«^ 
tive  material  and  continues  the  treatment  over  a  longer  period;  he 
obtains  excellent  results.  It  is  now  generally  acknowledged  that,  when 
the  operation  is  properly  performed,  the  injection  even  of  very  large 
quantities  of  virus  may  be  safely  carried  out. 


Statistics  of  Cases  treated  in  the  Pasteur  Institute,  Paris,  not  including 
persons  in  whom  the  disease  declared  itself  during  course  of  treat- 
ment, in  which  therefore  the  treatment  was  not  complete, 

A.  Ca^  eaxbuled  in  which  the  disease  declared  itself  within  a  fortnight  ojUr 

inoculaiion. 


Peraons  Treatnd. 


Deaths. 


;  HorUlity  jxr  cvnt. 


ISSfl 

2671 

25 

0-94 

1887 

1770 

14 

0-79 

1888 

1622 

9 

0-55 

1889 

1830 

0-38 

1890 

1540 

0  3*2 

1S91 

1559 

0-25 

1892 

1790 

0-22 

1893 

1648 

0-36 

189-t 

1387 

o-.io 

1895 

1520 

0-33 

1896 

1308 

4 

0:iO 

1897 

1519 

0-39 

1898 

1465 

0-20 

1S99 

1614 

0-25 

1900 

1413 

0-28 

1901 

1318 

0-37 

1902 

no.^i 

2 

018 

1903 

628 

2 

0-32 

1904 

iy:> 

3 

0-39 

1905 

727 

3 

0-41 
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R   Ail  casea  inciudai  in  wlueh  treatnieiU  tetis  rompUtcd. 


T««». 

I^wMMTraateiL 

DmU)«. 

MoruMty  per  c«Qt. 

1&86 

2082 

38 

i-st 

^- 

1887 

1778 

21 

lis 

^fe 

1S88 

lO'Ja 

12 

0-74 

^^ 

_       ISSfl 

1?34 

10 

054 

■K      1800 

\h\V> 

11 

0-71 

■^P      1R91 

l.'.«4  +  5' 

0 

0'B7 

^K 

1892 

1793  +  5' 

7 

0-39 

H 

1893 

HJ4H  +  4' 

6 

0-89 

^^ 

1894 

1392 

12 

0-86 

1S»6 

ISSS-*.!' 

5 

0-33 

1896 

1008 

4 

0-30 

1897 

1521 

8 

Of.2 

189S 

1466  +  2' 

4 

0-27 

■ 

1899 

iai4+2' 

10 

O'tll 

■ 

1900 

1419  +  1* 

10 

O-70 

■ 

1901 

1318^3> 

5 

0'S7 

■ 

1903 

1105  f  1' 

2 

0-18 

■ 

1903 

630 

4 

0-65 

■ 

1904 

757 

5 

0-8fl 

W 

190& 

727  +  1' 

4 

0-64 

The  Pasteurean  method  appears  to  avail  little  when  the  disease  has 
nee  raanifestcsl  itself. 

Il  h;is  already  Iwen  mentioned  that  when  coiils  of  dirterent  sixes  are 
.esiccated  for  the  same  period  the  results  obtained  are  not  uhvavs  the 
ome,  BO  that  samples  of  the  dried  virus  are  by  no  means  constant 
8  regards  8ti*ength.  Hughes,  in  order  to  get  over  this  difficulty, 
aixes  the  fresh  cord  with  normal  saline  solution,  commencing  with 
dilution  of  1-10,000,  and  gradually  rising  to  1-100,  making  as 
aaiiy  as  28  injections  of  from  3  to  1  ex.  of  tlieae  <Uluti!d  cords  in 
4  days  in  comparatively  mild  cases,  and  53  Bimilar  injections  in  20 
iiya  in  the  more  severe  cases.  The  same  end  may  he  attained  by  heating 
be  vims.  Again,  if  saliva  from  a  r?d>id  animal  or  an  emulsion  of  the 
ord  be  injected  into  the  jugular  vein  of  a  horse  or  a  sheep,  the 
nimal  not  only  does  not  succumb  to  the  disease,  but  an  immunity  to 
be  disease,  as  conveyed  by  the  ordimiry  mode  of  infection,  is  set  up. 
)ogs  are  not  so  readily  protected  in  this  fashion,  but  with  ciire  even 
his  may  be  effected.  It  is  assumed  that  the  virus  in  the  large  volume 
•f  blood  nuiy  bo  so  diluted  that  it  acts  as  if  saline  solution  had  been 
dded,  for  it  is  found  that  injection  into  the  arterial  system  (when  the 
iihition  cannot  be  so  great)  is  not  nearly  so  successful  as  when  the  injec- 
ion  is  made  intravenously. 

In  1905  Remlinger  pointed  out  that  amongst  cases  of  rabies  treated 
ty  the  Pasteurean  method  par-alyses  of  a  severe  form  sometimes  make 
heir  appearance.     To  the  iiniuiiiated  they  arc  very  alarming,  but  they 

*  TTiew  (a»^^«  «re  iif>t  inrlinleil  in  the  ratcuUtloiia  aa  the  patienta  dlcU  ftwra  tlw  results  of 
tw  blt«  during  the  cfiurtv  nf  truittuvtit. 


usually  pass  off  sponUvueously,  and  though  of  great  scientific  int«reiv 
of  little  practical  iiniwrUncc,  The  paralyses  affecU  the  lower  liitilx  it] 
almost,  every  iiistuiicc,  and  the  hlatlder  and  rectum  arc  n)»o  £rvqtienO| 
affected. 

It  cDiiKii  on  bt^lwi-eii  the  eighth  aii:l   la^t  ilays  of  ireatment,  or  withiH  tW 
wei*k  follon'iiig,  iin<l  in  ushered  itt  by  i^light  fever,  anorexia,  aud  iDt«ni«  upu^ 
tniioB  aci:otii[iiutiefI   by  viott^tit  liiiiitmr  i>uiu<.      TheB«   i>ymptMRv»  ur  fulliml 
M-ithin  twenty-four  houra  by  part-sis  and  weakneius  of  the  lowt^r  limlj^ 
and  tottering  walk,  and  then  by  complete  paralysis.      There  may  he  eil 
a>^the8iu  with  Incivji.'wd  tendon-reflex  or  onieslheAta  with  abolition  of  ihfti 
i-eflexea.     Tile  paralyses  of  the  bladder  and  rectum  may  lead  to  either 
eiice  or  retention.      Fn  »oD»e  ca^o-s  the  paralyses  are  ronftneil  to  the  lower! 
and  to  thv  sphincters.     Suniutinic^  the  paralysis  is  of  a  n-t^ll-ileluiiMi  $tcaia^ 
type,  resembling'  Landry'6  paralysis.      Acute  pains  in  the  upper  lifubi  pntK* 
parcsiH  and  paralysis  of  thu  mascles  of  thc^e  parts.      The  mnscle?  of  the  Uetvi 
often  similarly  affecleil,  and  bidbar  troubles  such  aa  dysptiu:*,  tachycanh*.  i}f 
phagia,  etc.,  may  Hiiperveue,      After  a  very  uuxiuiw  pericxl  foi    those  whu  Ui< 
not  liiid  experience  uf  tint  condition,  ilnriiig  which  it  apiwar?  that  these  bull«i 
troubles   might   have   a   fatal   iMjiiie,  the  nymptoiiut  are  arretted  ;  they  bce?i' 
ameliorated,  an-!  ofter  from  one  to  twi-nty   day*  the  paralytic  phenonici 
appear,  motor  power  is  gradually  and  fully  restored  in  alx>ut  four  or  five  i.) 
More  rarely  this  phase  may  extend  over  several  weeks.     The  sphinctm  to 
usually  the  first  muacles  to  recover. 

The  etiology  of  this  cotiditioti  h  very  obscure.  In  exceptional  ra»tJiil» 
lunilysis,  iti  plaue  of  being associatetl  with  the  all<*ration  iti  the  rord.afifwsi' 
to  ha  as9ociatc<l  with  changes  in  the  peripheral  nerves — the  facial  or  ibc 
motor  uouli — either  alone  or  along  with  the  nen*es  of  the  up|)er  luid  U»rt 
litubs.  The  iiitenu|itiori  of  the  untirabic  tieatmcnt  appears  to  hiv>-  u' 
effect  upon  the  course  of  the  |>aralysis.  According  to  Komlingor.  m 
paralysis  can  scarcely  be  the  result  of  a  secondary  pneuraocA>cc!i]  or  itr0| 
coccid  infection,  the  invariable  recovery  and  the  ty])e  of  the  intoxim 
being  against  such  a  supposition.  Nor  cau  it  bo  the  rtwilt  of  an  in 
cation  by  the  prodiicti*  of  the  cord-emulsion  ;  otherwise  th»?se  cases  wtmW 
be  of  more  frequent  occurrence  in  hoi  countries  ihati  in  col<l,  in  Biuiiri»ft 
than  in  winter,  and  no  such  incidence  has  been  note<l  There  i*  no  evidtfwt 
that  the  paralji'^es  are  hystericil,  and  the  almost  invariable  affection  li 
sphincters  is  certainly  agniiist  such  a  supposition.  The  hypotbew  tl 
there  is  some  congestion  of  the  mcdtUla  ftppeai*s  to  be  more  rwitoiw 
l<avenin  siiggestH  that  this  fuiralysiiii  niiiy  be  ;i  symptom  of  rabies  oicui' 
origin  attenuate<]  and  cured  by  tJie  Pasteui-c^m  inoculation.  The  excepd'iiw 
paralytic  phenomena  accompanied  by  the  pain  at  the  site  of  the  wowii 
lend  some  countenance  to  such  a  view,  but  it  must  \te  remendiered  thu 
in  the  great  majority  of  caaes  theao  pains  are  absent  Moreover,  in  ee 
instances  the  ^Kiins  appear  to  be  most  marked  at  the  seat  of  injeci 
If  these  pjiralvtic  iiht'iionienn  were  the  result  of  rabies  ;LlteiiUAteil  by 
treatment  they  should  occur  si)ecially  in  those  cases  in  which  the  wou 
have  beeu  very  severe, — on  the  face,  for  example,  and  in  which  the  vir» 
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las  conie  from  the  wolf,  SHy, — but  as  a  matter  of  fact  most  of  them  have 
wcurred  in  cases  in  which  the  uoiiiuls  were  not  se%'ete.  Moieover,  the 
Miralysis  apjicara  from  twf]vc  to  seventeen  <liiys  after  infection,  a  period 
\\  incnhatioii  very  short  for  hydrophohia  tieterniinetl  by  11  bite.  Further, 
n  HKiny  cjiscs,  there  wus  CMnsiik'nible  <loiibt  whether  tlie  animal  that 
nflioteU  the  bite  was  really  rabid.  Finally,  it  comes  on  too  quickly  to 
>«  caused  by  the  emulsion  of  cord  with  which  the  patietit  is  vaccinated, 
tnless  it  be  that  the  emulsified  cord  contains  a  rahic  toxin  which  can  act 
jnickly  and  ver}'  cvancsccntly.  It  must  bo  noted,  however,  thiit  these 
aiseit  are  dpHcially  numerous  when  Hahes'  intetisiRed  method,  in  which  the 
irus  is  attcntiated  by  heat,  is  made  use  of,  sc\-en  cases  out  of  the  i!S50 
Mtients  thus  inoculated  developing  this  form  of  jKualysis.  When,  however, 
,  "dilution  "  niidhod  is  used  not  a  sin<;le  cjiso  occurred  amongst  2ft, 872 
ntients  injected.  The  |)aralysis  docs  not  appear  to  be  due  to  neglect  or 
ccident  during  the  injection.  Out  of  24  cases  occurring  amongst 
07,712  jiersons  subjected  \a\  the  antirabic  treatment  all  were  cured  but 
wo.  As  regards  prophylaxis,  the  general  condition  and  tenijxiraturc  of  the 
Miticnt  should  be  carefully  attended  to  and  chills,  which  appear  to  precede 
he  appearance  of  the  fiaralysis  in  many  cases,  shoulfl  be  carefully  avoided. 
Phe  existence  of  opisthotonos,  with  11  feeling  of  weakness  in  the  lower 
imbs,  usually  indicates  the  imminence  of  this  panilysis,  and  when  these 
ippear  the  wisest  conrs*!  is  to  stop  the  imtirahic  trcutmunt,  jind  not 
K>  resume  it  until  the  iwiralysis  has  disappcitred.  As  far  as  the  treatment 
>f  the  paralysis  itself  goes,  a  good  general  nde  for  the  me<iical  man  is 
iiat  **  the  best  treatment  fur  these  cases  is  none  at  all." 

As  early  as  1889  Babes  and  Lepp  had  conceived  the  idc4i  that  it 
uight  be  possible  by  mwtns  of  the  blood  to  transmit  conferred  immunity  to 
•ahics  from  one  animal  to  iinother.  Although  the  success  of  these  invcRti- 
^tors  was  not  gieat,  Tizzoni  and  Schwnr/^  anil  later  Tizzoni  and  C'cntjinni, 
fforlce*!  out  a  method  of  ."enim  trmtt/imf,  cunitive  and  protective  in  hydro- 
>hobia  which  is  worthy  of  attention.  In  this  method  not  the  rabic  jxii^on 
l#elf;  but  the  protective  substance  formed  is  injected  into  the  tissues. 
These  observers  shewed  that  the  serum  of  xaccinated  animals  is  capable 
>f  neutralii^ing  the  pathoj_'cnetic  prjwer  of  the  virus  of  rabies — **  virus 
ixe " — not  only  when  mi.\ed  with  it  before  injection,  but  even  when 
njected  simultaneously,  or  within  twenty  foiu*  hours  after  the  introduc- 
aon  of  the  virus  into  the  body.  They  shewed  also  that  the  serum  of  a 
ubbit  protects  a  rabbit  better  than  does  the  serum  of  a  dog ;  and  they 
ndicated  that  by  their  method  they  were  able  to  attain  a  higher  degree 
>f  immunity  than  could  be  obtained  by  Pasteiir's  method.  Taking 
*  virus  fixe"  as  their  staiting-point  they  prepared  a  series  uf  weaker 
naterials  by  subnntting  it  to  the  action  of  gastric  juice  ;  beginning  with 
L  very  weak  vims  so  prepared  and  using  a  series  gradually  incrt';ising  in 
itrength,  they  protected  not  only  rabbits  and  dogs  but  sheep  against 
the  most  virulent  rabic  poison,  even  when  inlroiluced  luider  the  dura, 
nater.  By  continuing  the  ]>rocess  they  succeeded  in  twenty  days,  after 
seventeen  injections,  in  obtaining  such  a  large  quantity  of  the  antirabic 


Bubfttanc©  in   the  aenim  that^  if  injooted  twenty-four  hours  befon  dx 
{>oison,  even  so  small  a  propoition  as  1   to  25,000  of  &erum  \o  Iwij 
weight  wouUI  protect  the  animal.     More  powerful  ftonim  slill  Uot)taiiud{ 
when  the  sheep  are  revaccinatetl ;  the  injections  in  thin  cnM  w 
during  the  course  of  twehe  days,  each  injection  ugnin  consisting  ofO^] 
gmmmo  of  the  emulsified   cord   per  kilojtrniniraG  of  the  weight  of 
sheep.     This  process  may  V>e   rept^ated  ngain  and  ng&in  so  long  ai 
intervals  are  sufficient  to  allow  the  animal  to  k<:!e|i  in  good  condition; 
this  the  best  criterion  is  the  maititenance  or  increase  of  ite  w(ughl  dii 
the  process  of  vaccination.     The  hc&t  time  after  the  complcbon  o<  t) 
vaccination  process  at  which  to  take  the  blood  and  separate  the  «n& 
which   contains  the  aiitimbic  substance,   is  probably  a1)out  the  t»«i^ 
fifth  day  after  the  last  of  the  injections  of  rabic  niutorial. 

This  mcthoil  of  treatment  has  thus  been  brought  well  into  Hn, 
that  of  the  other  8[>ecific  infective  dii^eascR  in  which  sf rum-then*] ; 
been  eniploye<l ;  and  there  can  bo  little  doubt  that  if  this  method  l>c  w  <nc- 
cessful  as  the  process  of  nipid  immunisation  of  the  |>atient  wnrkeil  ouibr 
Pasteur,  it  h;is  many  marked  advantage,'*  and  apparently  few  disadmutajfa 
(For  dot;iils  see  (142).)     The  process  in  its  two  stages  differs  fntia  tbt 
developeil  by  Pasteur  and  at  present  in  use,  in  so  far  thai,  in  place »' 
promoting  the  formation  of  the  antidote  within  the  Vxxiy  of  the  pitusii 
by  a   process  of   vaccination  with  pix)gres8ively  strctnger  and   rtronttf^ 
virus,  this  pnrt  of  the  process  is  carried  on  in  an  animal ;  Btthe^ 
the  dog,  Tizwini  and  Centaimi  ihe  sheep.      From  animals  so  prepared 
antirabic  substance  is  conveyed,  along  with  the  blotKl-serimi  in  «li 
it  is  dissolved,  which  acts  merely  as  a  vehicle,  to  the  {»tient  or  animal 
be  treated. 

In  the  second  modification,  instead  of  using  Paaieura  method  d 
protective  vaccination  for  the  animals  from  which  the  scrum  i»  to 
obtained,  these  autfiors  use  a  vaccin,  which  \u\s  been  modified  or  attcniiat 
by  a  process  of  peptic  digestion.    The  exact  action  of  this  digestive  p 
has  not  as  yet  been  discnvered.      Is  it  merely  a  dilution  1      HH\e  weUn 
with  a  positive  reduction  in  iho  aclivily  of  the  [Hiison-fiecreting  or| 
or  with  such  a  diminution  of  the  potency  of  the  fermoni  prodi 
them,  that  the  tissues  are  not  prevented  by  their  presence  from 
and  pci-formiug  their  projwr  functions  7     In  any  case,  the  activity  of  Xt 
virus  is  so  modified  that  considerable  doses  may  lie  injected  within 
comparatively  short  period,  even  when  protection  has  not  l>een 
very  far. 

This  serum,  when  mixe<l  in  definite  quantity  in  a  lest-tuW  with 
lethal  dose  of  canine  viruB  or  "virus  fixe"  and  then  injcctwJ  inU> 
rabbit,  so  neutndisea  the  poison  that  there  is  neither  any  incrras**  in  tl 
quantity  of  the  vims  nor  any  appearance  nf  the  symptoms  r>f  rahirt  <»' 
in  animals  kept  under  nl»senation  for  so  long  a  |»enod  as  five  nioot^ 
Again,  if  the  serum  l>e  not  injected  until  sume  time  after  the  adi 
tion  of  a  lethal  dose  of  the  poison,  some  alleviation  is  Hiiil  obtaliu 
under  iheso  conditions  a  somewhat  larger  quantity  has  to  i>c  inject^ 
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^nler  to  kc«!p  the  auiinul  alive.  The  amount  required,  Itowrver,  iiicreAsea 
||K>  slightly  that  if  the  injection  <if  Horum  be  delayed  iimil  the  end  of  the 
jRrst  baU  of  the  incubation-period,  it  i«  neceescivy  to  miilliply  the  dose  of 
le  ucriim  arimc  six  or  ci^ht  liniu^n  only.  In  this  respcrt  thi'  ^eritm 
;.mGnt  in  rabies  has  great  advantages  over  that  used  in  other  diseases, 
t  diphtheria  and  tuUinus. 
I'When  the  serum  is  injected  in  small  doses  even  a  comfHintively  ^hort 
before  ihu  patient  is  bitten,  protection  against  rabies  is  obtained. 
Siich  prophylaxis,  of  course,  couhi  only  be  needed  by  those  frequently  in 
Contact  with  do*p  ;  or  by  persons  working  for  any  length  of  time  with  rabic 
%'iru8.  The  rabic  poison  has  a  very  definite  selective  action  ;  as  in  tetanus 
It  seems  to  pick  out  the  nerves  and  the  central  nervnus  system.  We 
^nd,  accf»rdingly,  that  by  selecting  the  site  for  the  injection  of  the  sci-um 
touch  better  residls  may  be  obtained,  even  with  smaller  doecs.  Thus,  if 
M16  serum  be  injected  under  the  intmcranial  dura  mater,  much  smaller 
doses  are  needed  than  ivhen  the  injectiom^  are  made  into  the  substance 
of  a  ner^'e  ;  and  for  subcuUmeoug  injection  a  larger  dose  of  the  scnmi 
ia  necesi^ary  than   must   be   injected   into  either  of  the  above  positions. 

^  serum,  when  injected  into  the  nervous  tissues,  may  act  at  once, 
biy  by  a  direct  chemical  antagonism  to  the  virus ;  though  there  is 
very  little  evidence  from  direct  experiment  in  favour  of  this.  On  the 
other  hand,  as  some  maint'iin,  the  serum  in  the  nerve-centres  may  act 
not  up<m  the  nerve-cells  only,  but  also  upon  the  cells  of  the  neuroglia, 
which  with  it«  aid,  |>erliaps  through  some  special  stimulation,  arc  able  to 
carry  on  their  functions  in  the  presence  of  even  considerable  quantities  of 
the  rabic  vims.  It  appears  to  l>e  in  some  such  way  as  this  that  the  point 
of  introthiction  of  the  protective  serum  determines  the  idtimate  rcsidt  of 
the  inoculation  ;  when  the  semra  is  injected  sulxru  tan  eons  ly  it  is  po&sible 
that  a  large  proportion  of  its  active  material  is  used  up  and  practically 
wasted  in  fortifying  or  iissisting  cells  which  stand  in  little  need  of  protec- 
tion ;  whilst  the  nerve-cells,  participating  only  in  the  general  distribution 
of  the  antirabic  substAncc,  do  not  receive  from  it  sufficient  help  to  enable 
them  to  withstjuid  the  action  of  the  poison  which,  as  we  have  seen, 
appears  to  be  especially  mischievous  to  them.  When,  on  the  other  hand, 
the  serum  is  injected  into  the  substance  of  a  large  nerve,  the  protective 
agent  finds  its  way  at  once  into  channels  which  communicate  almost 
directly  with  the  ceitibrospinal  lymphwitic  system ;  and  larger  quantities 
of  it  come  into  direct  contact  with  the  cells  or  tissues  of  the  central 
nen'ous  system.  In  the  case  of  a  subtlural  injection  of  the  senmi  the 
antitoxic  material  comes  primarily  anrl  directly  into  contact  with  those 
tissues  which  st-md  most  in  need  of  its  protective  action  ;  consequently 
the  l>est  results  are  obtained.  BaV*s  combines  the  serum  treatment 
with  the  Pasteurcan  method,  especially  in  severe  cases.  One  gi'cat 
difficulty  about  the  production  of  serum  for  this  method  of  treatment  is 
that,  up  to  the  present,  it  h;LS  been  found  impossible  to  grow  the  rabic 
rims  outside  the  body  of  an  animal  ;  the  vaccin  material  can  there- 
fore  be  obtained   only  in  comparatively  small  quantities  and  with  the 
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expenditure  of  much  time,  trouble*  and  money.  Moreover,  the  Tina  a^ 
obtained  in  such  a  form  ihat  it  is  difficult,  if  not  imimssibk'.  to  se|«imrtlrf 
whole  of  the  active  portion  of  the  poison  from  it«  ordirmry  vehicle ;  whiU, 
us  we  are  still  in  ignorance  of  the  exact  form  of  the  poifionprodmaqs 
organism,  we  Are  not  in  a  i>o»ition  either  to  isolate  the  latter  cr 
scparnte  uu  active  vaccinating  material  hy  precipiUition,  HltmtJon, 
the  use  of  chemicjd  or  niicrobtridal  a^^ents.  The  scrum  Lmtneiit  »' 
still  in  its  infancy,  and  it  is  ([uite  ]>ossihte  that  in  certjun  ca«d*HtHj 
not  prove  !so  oflicncious  in  general  practice  as  it  has  been  fouml  to  I*  in 
experimental  work  ;  but,  from  an  experimental  j^»oint  of  view,  the  ronihi 
arc  fto  striking  that  we  are  entitle<]  to  hope  for  results  aa  good  or  Miaad. 
AS  good  in  the  treatment  of  hydrophobia  in  man. 

Gkrman  Sims  Woodukao. 
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CaEXISTENCE  OF   INFECTIOUS   DISEASFi; 


By  K.  Foom.  Caiccu,  M.D.,  K.R.aP. 

That  two  or  mure  infectious  dist'Hses  are  capal)Ie  of  running  concurrently 
10  the  snrac  individual  is  not  so  gcnorally  recognised  as  the  fre(|Uency  of 
its  occurrence  would  warrant. 

Hunter  even  went  so  far  oa  to  deny  the  possibility  of  such  i.-o- 
exislence,  and  to  bis  teaching  must  doubtless  be  ascribed  ihe  wide 
cnrroncy  to  which  this  belief  ha~s  attaincrl.  Murchison  in  1859,  while 
reporting  cases  in  point,  asserted  that  the  prev.alent  opinion  was  opposed 
to  the  possibilities  of  any  $ucb  coexistence,  though  he  himself  was  fully 
ftlive  to  the  truth  (2). 


Nov  it  is  iiniveraally  atlniittcd  thiit  the  conv&leecent  itAj^  of 
and  various  infoctiows  disonlers  is  not  inf ixH)uently  iuUrrupled  hj  (Ik 
ap|j»iratic6  of  a  Becotid  :  ami  it  is  within  the  vxperiencHr  of  tbot^r  whuin  , 
daily  concerned  in  dealing  with  large  numbers  of  cases  of  thr  in(«£timi 
fevers,  to  find  two  suth  diseases  nmniiig  concurrently,  and  in  Mcrpliutal] 
instances  three  (3)  or  even  four  (4). 

So  far  from  co-existence  hcing  an  impossibility,  clinical  expeiuonj 
would  tend  to  shew  that  the  presence  of  one  disease  in  the  Iwdy  incrwrt 
the  liability  to  the  infection  of  another.     The   susceptibility  ikh  rnilj 
vanos in  respect  to  dift'ercnt  disciises,  but  is  usually  increased  in proi^""" - 
to  the  severity  of  the  primary  attack. 

Any  inference,  drawn  from  a  t^imple  stat^ftnent  of  figures,  as  totoi 
relative  susceptibility  evinced  by  the  subject**  of  a  ]»;irticidar  diww«  «■ 
respect  to  the  development  of  any  ])articu1ar  Hocond^  is  utif 
vitiated  by  the  fact  that  the  liability  to  contract  a  diacjific  v 
the  chances  of  ex|>osure  to  its  infection.  The  var3nng  influences  o<  weama, 
local  prevalence,  relative  isolation,  the  protection  conferred  by  a  prvtioB 
attack,  and  other  factors,  must  all  be  discounted  in  addition  to  the  varyrr^ 
susceptibility  seen  in  connexion  with  age. 

The  following  list  HpeciHes  the  number  of  instances  amongst  Ii*4,?St 
cases  of  scjirlet  fever,  diphtheria,  and  enteric  fever  received  into  if" 
Metropolitan  Asylums  Board  Fever  UospitJils  during  the  years  I  H9(>  I  :hi4^^ 
in  which  two  or  itiore  infective  fevers  were  actually  co-exiscent  al  Uie  i 
of  the  pitients'  admission  (5): — 


Scarlet  Kevcr  «nd  Dt{i1itheiia  .        .  1721 

,,              ,,    (-'hicken]>o.\'  i\24 

..     MtasUn       .  M3 

\Vliotj|iiug-«ough  68it 

,.              „     Oenuau  Moatllcrs.  40 

„            „    Knteric  Fever     .  29 

.,            ,,    Mtinip»  tt 


Diphtheria  mnl  Hesslas  . 

„  ,,    rhick«ii-|»t   . 

„  ,,    (•  .'If* 

„  ,.    MuiupK  . 

.,    Eri**i|irlft» 


Enteric  fevrr  aud  Whooping-cough 

Scarli'C  fever,  Cliickcn-i>ox,  ami  Whooping-cwugli 

Scarlet  fever.  )leasl?n,  and  Whoopin^-cou^h 

Diptithrria,  MeAKlei>,  Ami  Wtiix>{>Ing'Cougii   . 

Dij»hllieriu,  MpAsles,  and  Cbirk4.-u-jioa; . 

Diphthoiia,  C'hioken|>a.\,  &nU  Whooping-cotigh   . 

Scarlet  fever,  Di])htliuriii.  Mcasle!*,  awl  Whoo|)iug-couxb 


It  will  be  seen  that  amoiigfit  these  184,327  attjicks,  a  accond 
wjis  actually  coexistent  in   4421   instances,  i.e,  2:ii>  |>er  cent.     If. 
ever,  instead  of  those  artually  co-cxi^tent,  we  consult  the  rwonls  *l 
the  occurrence  of  a  second  disea,se  during  the  convalescent  stagif  of 
primary  att^kck,  the  nunilH^T  will  be  found  to  be  corisidembly  larger 

The  following  table  shews  the  n\imber  of  ihi^tances  amongst  1^4,?' 
cases  of  scarlet  fever,  diphihei'la,  and  enteric  fever  in  which  a 
infective    fever   arose   during   the    convalescent   stage   of   the 
<»ne  (5) : — 
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Prinuir)*  DiMftne. 

Seeomlnry  DiMaue. 

KaoftlMMs. 

IVrc«utf(ge.  1 

t  Fever  (1 17,707 caik*) 

DipliUiena 

4535 

3'8A 

» 

CUicken-pox    . 

3040 

2-68 

11 

Measles  . 

1617 

1-37 

•» 

Wli'jopiiig-i'ough 

778 

■66 

i» 

Ueniian  Mtfisle}; 

1030 

•87 

If 

Miinipes  . 

m 

f)9 

ti 

Erysipt^los 

96 

•08 

11 

Knt^iitr  Fever. 

15 

■01 

hem  (67,187  cases) 

Scftrlet  Fever  . 

2931 

512 

,1 

C-hickeii'^HfX 

574 

100 

11 

Mea£<1<'>t    . 

512 

86 

1) 

WIiooi)iiif;-DOiig]i 

257 

•44 

ti 

Qeriiiun  Mvasltx 

69 

•10 

H 

Mumiis   . 

3 

•00 

1* 

KrvMipeliw 

4 

■00 

}* 

Kuteric  Fever. 

S 

•00 

ic  Fever  (0333  casee) 

Scarlet  Fever  . 

29 

31 

n 

Diplithem 

33 

■35 

i» 

KrvMiMjlas 

I 

^1 

Ke  foregoing  record  shews  that  in  15,643  oases,  or  849  percent, 
tualcJiCLMit  stage  wan  complicated  l>y  tho  apptuuiince  of  a  second 
dor. 
the  two  series  Ijc  added  together  we  tind  that  amongst  I84,'Ji7 
f  scarlet  fever,  diphtheria,  and  enteric  fever,  the  attack  was  com 
at  one  time  or  another  <hu'ing  its  progress  hy  the  occun'ence  of 
infuotive  disease  in   :^0,064  insUinces,  or  10*8  percent.      In  ten 
hcCfl  thrue  Kcparatu  infections  were  co-existent,  and   in  otiu   no  lt'.i.« 
four  diseaacs  were  prcHcnt  at  the  aanie  time. 

Dw,  for  the  reasons  al>ove  statetl,  the  foregoing  riumhers  cannot  be 
tt8  an  accnrate  expression  of  the  proportionate  liability  tfi  co- 
Rce ;  yet  the  figures  are  not  without  a  certain  value.  Plxporience 
that  the  diseases  which  most  freijuently  complicate  ^airlet  fcrrr  are 
Irw,  chirkcn-ftfrx.,  and  mfti.-lf^,  and  that  trhiHtjnug-rouijh  comes  next  in 
Dcy,  especially  in  very  yonng  (hildren. 
nhough  post-scarlatirud  diphtheria  ts  :t  well -recognised  condition, 
confusion  exists  at  the  present  time  in  respect  to  those  cases  of 
fewr  which  are  complicated  with  tlifththeruf  during  the  acute  stage. 
;  that  in  many  cases  of  simple  scarlet  fever  an  exudation  is  found 
fauces,  which  is  not  diphtheria,  closely  as  it  may  .simulate  it,  the 
:e  is  often  ma<le  of  adopting  too  wide  a  generalisation,  and  of 
•ing  jdl  "exudation  throats"  to  the  same  category  ;  thus  virtually 
the  possibility  of  the  co-existence  of  diphtheria  with  scarlet  fever 
cute  stage.     In  the  large  majority  of  cases  in  which  an  attack  of 


iliphtht^ria  complicates  scarlet  fever,  it  arises  dunng  the  coavkWat 
stage  of  the  scarlatinnl  atUick ;  in  which  case  the  infective  proocMMtft 
not  strictly  co-existent.     It  must  also  be  conceded  that  by  far  tfa*  pwliT_ 
number  of  faucial  exudations  seen  during  the  acute  stage  of  acurlrf  feti 
are  not  examples  of  coexistent  diphtheria,  but  are  dependent  upon  iii 
ination  of  u  special  character  set  u[>  by  certain  micru-oi^nisiDh,  ilhiuIIj 
it  would  seem,  streptococci,  which  are  frequently  present  in  the 
throat.     It  must  be  remembered  that  diphtheria   bacilli  arc  m 
qncntly  present  in  the  throats  of  persons  suffering,  or  ronvaleseent, 
scarlet  fever,  \rithout  giving  rise  to  any  clinical  manifestationi :  aftdi^ 
the  absence  of  a  Ijacteriological  examination  there  would  be  nothin;; 
the  nature  of  the  case  to  lead  to  their  presence  being  suspected.    *Si 
the  germs  are  apparently  in  a  laieni  or  vegetative  phase,  the  padont 
hju'dly  ba  aiid  to  be  stiffering  from  diphtheiia,  though  the  preneiu* 
Kleljs-Lolfler  bacilli   must  always  be   regarded  as  a  potciili/d  wMirce 
diphtheria,  not  only  to  the  person  harbouring  ihem,  but  to  othen. 

That  m«w/ff.?  and  ehkken-jfu  should  frequently  be  found  t<>  nrisr 
children  suffering  from  srarUt  fever  is  only  what  might  be  expected  in  ri< 
of  the  high  degree  of  infectiv-ity  possessed  by  these  disorders ;  moreoi 
the  age-incidence  in  the  throe  dis&ises  is  in  close  agrceme«t 

There  is  little  doubt  that  many  more  instances  of  co-eristent  uiW^>ui^ 
ijouffh  would  have  to  be  recorded  were  the  age-incideuce  iu  the  two 
diseases  more  equal.  The  maximum  susceptibility  to  whooping'  .' 
would  appear  to  be  during  the  second,  third,  and  fourth  yeats  ui  t- 
whereas  in  scarlet  fever  the  greatest  liability  is  evinced  during  the  ^^ 
and  MXth  years. 

That  scarlet  fever  patients  arc  but  little  prone  to  attrrir  fttrr  ouil  vicf 
versa,  is  evinced  by  the  fact  that  only  "3  inatam.'cs  are  reoordc*!  in  liT.'M 
attacks.     This  inference,  too,  is  supported  by  a  8t«t«ment  \3^i  Miircbi 
that  in  the  course  of  twetity-threc  yeai-s'  exjjerience  at  the  London  fV 
Hospital,  at  a  time,  too,  when  all  classes  of  disease  were  treated  in 
e:imB  wards,  and  many  thou^ind  cases  of  scarlet  fever  were  admitted, 
more  than  eight  inscances  were  recorded   in  which  the  scarlet  and  r-nt 
fevers  were  oo  existent  (6).      Here,  again,  the  age-incidenc**  m  the  ti 
diseases  being  widely  ditferent,  the  relative  susceptibility  would  nuiun 
not  be  very  great.     If  it  wore,   the  similarity  in   the  lurvea  of 
seasonal  prevalence  would  doubtless  tend  to  increoae  the  chance  of 
occasional  co-exibtencc. 

That  ttffiwt'i  is  capable  of  existing  with  soirW  jtwr  is  Attectod 
Murchi«on  (6).     At  the  present  day  the  opportunity  of  obsomng 
co-exiBtence  must  neceawirily  l»e  mre.      Tliu  only  case   whirh  has 
under  my  own  notice  was  that  of  a  boy  agt^d  eighty  in  whom  lb"  ly 
eruption  appeared  on  the  third  day  of  a  typical  attack  of  scarlet  f«1 
The  severity  of  the  combined  attack  was  too  great  for  the  child, 
he  died  on  the  fifth  day  after  the  eruption  came  nut.     In  this  case 
typhtis  was,  no  doubt,  contracted  first. 

As   in    the   converse    instance,    but   |K)B&ibly   to  a    less   dcfTMi 
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tiiphiheria  patient  is  very  liable  to  take  the  infection  oi  srarUt  ftver^  a<id 
this  suaccptibilitv  U  proTxthly  as  groat  in  the  acute  stage  &&  it  is  in  later 
CMnvalcscence.  That  in  both  disoases  the  faucial  mucous  monibrane  is 
the  part  first  nnil  nminly  atVectex],  striniyly  suggesl-s  l.hitt  this  part  is  in 
each  cose  the  point  nt  which  infection  is  rt'coived.  As  rcgiuds  diphtberiii 
luodern  research  and  clinical  ol^sorvation  have  confirmed  this  view  beyond 
all  reasonable  doubt ;  the  m\u;ons  nirmbi'Hne  of  the  thn^l,  weakuned  by 
the  scarliitinal  inHumniation,  provides  a  eoil  most  fnvournblc  to  the 
development  of  tbe  Klol>3  Loltier  bacillus.  Whether  the  revei*8e  hold 
g«>od,  namely,  thut  a  mucous  m^ndu-ant',  either  at  the  time,  or  previously, 
affect^'d  %rith  diphtheria,  is  thereby  reudcied  more  susceptible  to  the 
virus  of  scarlet  fever,  is  not  so  ceitain.  The  rapid  spreiid  of  scarlet  fcvor 
amongst  the  inmates  of  a  diphtheria  ward,  if  once  it  gain  admission,  and 
ita  preference  for  the  severer  cases,  are  matters  of  common  observation  ; 
moreover,  the  observation  that,  in  many  c««e8  of  scarlet  fever,  a  sore  throat 
prtx;e*lcs,  by  a  week  or  more,  the  symptoms  of  definite  invasion,  strongly 
suggests  that  this  is  so. 

It  is  not  uncommon  for  diphtherin  jmtients  to  be  attacked  with 
meaaks,  rJiickttt-piAj:,  or  tchooiAng<m(fjh,  but  it  ie  doubtful  whether  any 
special  susceptibility  exists  in  respect  to  any  of  these  diseases. 

The  subjects  of  mraMrs,  though  they  may  develop  any  of  the  other 
infectious  disorders,  evince  a  special  susceptibility  to  diphth'tui  and 
whoopituj'omgh.  The  gravity  of  the  former  complication  is  extreme, 
AS  in  lH>th  dist'jum's  tbe  respiratory  pjtssages  are  especially  all'ectcd.  In 
respect  to  whooping  cough  the  liabiUiy  lasts  for  some  weeks  after  obvious 
catairh  has  ceased.  There  would,  therefore,  seem  to  be  n  correlatt»d 
msceptibility  in  rei^pect  to  measles  and  whooping-cough  such  as  appcnrs 
to  exist  between  scarlet  fever  and  diphtheria. 

The  actual  concurrenct^  of  smnll-poj  and  srariti  fn'ft  is  not  very 
oommoTi,  although  the  8mall-p<»x  cnnvalescctnt  is  very  liable  to  take  scjirlet 
fever  if  exposed  to  its  infection.  Er^sipeUts,  again,  aiiscs  occasioiudly  in 
confluent  cases. 

Now,  as  eoncerns  any  modification  of  the  characters  of  one  disease 
in  virtue  of  the  coexistence  within  the  l>ody  of  another,  it  may  Ik?  stated 
that  there  is  no  evidence  to  warrant  the  belief  that  the  incxibation-stago 
of  either  is  interfered  with  in  any  particniar.  Just  as  the  latent  period 
of  iiidejwndent  chicken-pox,  measles,  or  smulI-[>ox  is  ranre  constant  than 
ib  is  in  independent  att^icks  of  scarlet  fever,  di[»htheria,  and  enteiic  fever, 
Ksnto  it  is  when  either  of  them  occurs  as  an  interciurent  affection  during 
Ihe  progress  uf  another  disease.  A  primary  vaccination  rims  precisely 
the  same  course  in  a  scarlatinal  child  as  it  does  in  a  healthy  infant. 
Arjniing  fr<jm  cxiwrimental  data  so  far  available,  there  is  no  prima  facie 
reason  to  exjiect  the  products  of  one  organism  to  be  capable  of  modifying 
the  development  of  another  in  a  medium  so  eminent!}^  favourable  to 
growth  as  is  uffoi-ded  by  the  human  borly  ;  unless  the  (»oison  be  present  in 
overwhelming  quantity.  The  restraining  influence  of  certain  putrefactive 
organisms  is,  however,  admitted. 
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It  may  then  be  affirmed  geuerullyf  that  ihc  symptoms  of  on* 
Hrc   rn?ither  <lelayed  hi  tlicir  appt'arance,  nor  mitigated  in  their 
by  the  presence  of  another;  l>ut  ihut  the  characterittic*!  of  wwh 
the   motit  part  well  defined,  and   in  some   instances  even 
The  giHvity  of  the  comhined  manifestation  would  seem  not  to 
much  with  the  severity  of  the  primary  attaek,  which  seems  to  have 
efft'ct    in    determining   susceptibility,   as  with   the    propinquity   in 
incidence  of  the  two  disorders. 

There  are,  nevertheless,  clinical  points  characteriaing  the  cimjtimlMi 
of   certain   members   of   the   infectious   group   which  are  descr^ixi^  d 
mention.     Whau 'fi^hthcrui  txriscs  dun'ng  tho  acut«  stage  ofsflif/^M 
the  patient's  condition  is  usmdly  very  grave,  apart  fn>m  the  chance 
extension  to  the  larynx.     There  is  a  grejit  liability  to  mistake  a 
diphtheritic    scarliiliiml    exudation,    or    the    £tirFace-necrof!is    (SdtujrW 
NcLrost:  of  Hcnr>ch)   which  is  sometimes  seen   on   the  tonsiU  in  ieiew 
cases  of  scarlet  fever,  for  the  stite  in  which  both  diseases  am  preMOL 
The  following  points  may  assist  in  discrimiiutting  the  two  conditioat:- 
The  scarlatinal  exudation  is  usually  limited  to  the  tonsils ;  it  is  appanuil 
dependent  u|)on  the  intensity  of  the  associateil  tonsillitis  ;  the  surroiuvl 
mucous    momlirane    is    usually   of   an    angry    nxl    tint^  and    frcquM 
presents  u  somewhat  dry  and   sticky  appoariince  ;   the   trxudatiua  it 
either  consists  of  a  thin  [>ellicle,  which  is  easily  dctacluMJ,  ;uid  commi 
(liri:i|)pears  in  a  day  or  two,  or  it  is  represi^'Utod  simply  hy  s  uoei 
surface  on  the  tonsil.     This  soon  proceeds  to  ulceration  with  a  gre^il 
white,  woolly-looking  surface  which  may  extend  both  superficially  andj 
deptli,  and  ultitnately  lead  to  extensive  destruction  of  the  faudal 
At    all   stagtjs  of  this  condition   the  Sfrfpioinfcitj^  /'y\7'*"''S  staphyU 
and  numerous  [jutrefartive  bacteria  are  usually  to  be  found  in  abundant 
but   the   Klelw-Liifller   liacillus   is   conspicuous  by  iu«  absence,  wl 
sought  for  in  the  recent  exudation,  or  by  cai-efiU  cultivation  in  8at 
meflia;  and  the  attack  will  not  be  followed  by  piinilyd».      In  co^) 
diphtlieri.%  on   the  other  hand,   the  exudation  more  frerpiontly  im 
the  i)idate,   uvula,  and  the  pillars  of  the  fauces;   it   is  usually 
especially  at  the  margin,  and  for  a   time   more  adherent :   it  hear» 
relation  to  ihe  intensity  of  tht*   tonsillitis,  and   the  mucous  memWaiM  ii 
often  compunuivel3'  jmle,  of  a  pinkish  tint,  and  usually  prcaents  a  f;l 
appeanmce.     The  constitutional  depression  is  more  profound  at  an  w 
dat(>  than  ia  usual  in  uncomplicated  attacks  of  wrarlet  f'*vcr.     1'ho  KI4 
L<iftler  U-icillus  can  be  isolated  with  ease  in  practically  all  aises,  togel 
with    certain    pyogiMietic    bacteria,    notably    Slr<]>hr(M-n/<i    ^»yuj 
Sfupht/f'xwens    iilf'ti-i  itnd  mtreuji ;   moreover,  some  degrtje  of 
found  at  a  later  stage  in  a  large  proportion  of  p;tticuts  who  survive. 

The    bjicteriological    test   and    the    tx-curretice   of    post  -  iliphthi 
paralysis  tire^  of  comse,  by  far  the  most  valuable  criteria  of  the  pt 
of  co-existent  diphtheria  ;  and  I  have  often  found  the  Klebs-I^tfflcr  bik 
in  cases   in  which  a  definite  diagnosis  could   not   have  been   ot]iei 
obtained.      The  majority  of  such  cases  aro  fatal ;  and  the  reasou 
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diphtheritic  pftralysia  is  nol  more  fi-uqiientiy  observed  is  thut  the  putients 
osually  Hie  before  the  ndveni  of  this  sequel. 

I>iphtheria  of  convalescence,  or  fx^g/sairhtiiuil  diphthetitit  is  dealt  with 
in  the  section  devoted  to  scJtrlet  fever  (p.  461 ). 

When  scarlet  fever  arises  in  a  pfitient  who  has  recently  suffered  ffom 
diphtberift,  that  is,  during  the  tii-at  few  weeks  of  the  illness,  a  recrudescence 
of  diphtheritic  membrane  frequently  occurs,  espeeiidly  in  cases  trcatetl 
with  antitoxin  :  although  the  fauces  may  have  been  clear  for  the  previous 
tviii  or  three  weeks.  The  development  is  interesting  as  exemplifying  a 
r«crttdescence  of  vitality  on  the  part  of  a  microbe  in  response  to  a  clinn^e 
in  its  environment  The  relapse,  however,  is  rarely  characterised  by 
excessive  virulence. 

When  chifJuti-paz  complicates  the  iicarlativuii  attack,  either  during  the 
Eruptive  stage  or  during  convalescence,  the  attacks  are  on  the  whole 
more  sevem  tbm  in  the  irwlepcndcnt  disorder.  The  emption  is  usually 
more  copious,  and  there  is  possibly  a  greater  tendency  to  pustutiition.  In 
cases  in  which  the  eruptions  Jire  coincident,  the  varicella  will  have  been 
contracted  at  an  earlier  date  than  its  fellow. 

It  is  not  very  common  to  find  m&tdes  actually  co-existent  with  scarkt 
JtvtT,  although  either  is  frequently  to  be  met  with  during  convalescence 
from  the  other.  In  the  former  cji.'us  the  dijigno&is  may  give  rise,  to  some 
*lifficulty,  OS  the  combined  emption  will  present  some  special  features  of 
both  diseases.  Tlie  eruption  is  usually  intense,  often  patchy  in  distri- 
bution, and  generally  invadus  the  circunioral  region.  A  iiuttUttl  st^iining 
remains  behind  after  the  rash  has  faded,  often  ai$sociated  with  really 
free  desquamation ;  a  combination  which  is  not  met  with  in  any  single 
infectious  disease.  If  the  eruptions  be  nearly  coincident,  the  mpid  frill 
of  temfteraturo,  which  in  most  cases  of  ordinaiy  measles  takes  place  within 
forty-eight  hours  of  the  api>earance  of  the  rash,  may  be  arrested  by  the 
longer  susUiint^d  pyrexia  of  scJirlet  fever,  and  the  temperature  rmxy  thus 
be  quite  devoid  of  its  usual  characters.  Ulcerative  stomatitis  is  very 
pfone  to  appear  in  such  cases,  occasionally  running  on  to  definite  noma, 
abd  there  is  a  maiked  tendency  for  the  bronchial  catairh  to  develop  into 
serious  lung  mischief. 

It  is  curious  that  the  emption  in  imt-scarhtinal  mcadfs  often  appears 
earlier  ihiin  in  tiie  indepemlent  diseiwe.  In  seventy-eight  consecutive 
cases  of  measles  arising  in  scarlatinnl  convalescents  the  eruption  was 
delayed  imtil  after  the  thir<l  day  in  four  instances  only.  In  a  large 
majority  it  ap|)eared  on  either  the  first  or  secotul  day  ;  anil  in  a  con- 
siderable number  it  was  the  first  sign  of  illness.  These  were  cases  of 
undouliUHl  measles,  not  of  Irerman  rae^isles. 

Postscarlatinal  measles  is  apt  to  be  more  severe  than  ordinary 
measles ;  the  mortality  in  the  series  referred  to  being  over  1  -4  per 
ceot. 

The  appearance  during  the  course  of  measles  of  a  suffocative  cough, 
attended  with  progressive  laryngeal  stridor,  usually  implies  the  presence 
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(]f  membniue  in  tho  air-|Kis8agea.     This,  in  some  cases  at  any  nU,  u 
true  (iijihtUtiiLi. 

Wbori  mmslts  is  complicated  with  daiamXA  diphiheriA,  either  durinf 
uniptivc  8tage  or  later,  the  condition  is  one  of  extreme  danger  in 
of  the  coustaucy  wnth  wMoh   the  latter  diMsa^o  attocU  tht'  larynx 
respiratory  Inict.      It  cou8titutes  the  luost  :)ei'ious  combination  (i(  wy 
itdixtious  tiiseuses.     The  fat;Uity  is  not  only  iiicrcus**d  in  virtue  of 
raitlignaiit  type  which  tho  disease  oasumca,  but  the  persist  en  tt-  with  wi 
the  membrane  re-foiTns,  if  successfully  expelled,  renders  the  csm 
nigh  hopeless.     Tmcheolomy  alone  is  very  rarely  sticccesfnl,  bnl, 
combined   with   the   administration  of  antitoxin,   the   resotta  are  nuii 
encourajniig. 

When  iiicasUs  occurs  in  a   patient  who  is   suffering  from  trkonj^f 
anight   the    tendency   to   the   development   of   capilJarv    bronchili* 
bronchopneumonia  is  thereby  j^reatly  incre-ased.     Thf  fatjtlity.  as 
be  expectwl,  is  in  inverse  proportion  to  the  age  of  the  jiotient. 

It  is  remarkable  that  when  the  course  of  v:hoopingay*igh  is 
terrupted  by  an  intercurrent  attack  of  mtrlfl  Jfver,  the  cliar* 
"whoop"  is  often  entirely  dropped  during  the  febrile  stage  of  tlte 
afT^ction,  but  returns  when  the  temperature  has  a^'ain  beoome  norvuL 
The  tawYivi  phenomenon  is  occasionally  obaervod  during  an  iDbereamfll 
attack  of  meaalcs. 

A  chil<l  once  came  luidor  my  care  in  whom  ifanUt  /em,  iiifMiut% 
VKoalfs^   and    ulm'jnrui-mutjh   were    all    present   at   the   same    lime, 
only  one  of  these  diseases  in  which  the  diagnosis  was  doubtful 
dipht)ieria>  for  the  ))actoriological  test  wjia  not  applied.      In  another 
the  eruptions  of  itieiifiUs  and  chicken ■p»j'  were   mingled   with   the 
desquamation  of  scarlet  fever  in  a  child  who  at  the  time  was 
from  whixfingroHffh.     In  both  cases  the  combined  attack  was  fatal. 

In  those  exceptional  cases  in  which  tnleric  ferrr  co-cxistA  »-ilh 
fever  the  diagnosis  is  not   likely  to  present  much  difficulty,  unle 
symptoms  happen  to  be  very  ill  defined.      In  each  of  three  instiMAi 
under    my   obsei-^atioii   the  distinctions   of  >)oth   ilisease*   were  dfady 
apparent,  though  in  two  of  them  the  rashes  were  actually  concumaik' 
They  all   made  a  good  recovery.     One  waa  complicated  with  « 
adenitis,  and  in  each  case  chanicteiistic  desquamation  followed. 

Numerous  instances  have  been  recoriled  by  different  observers  in 
past  in  which  the  presence  of  ** diyhtfteritic  metr^anefi*'  have  Iteen  obsn 
in  the  throat  during  the  course  of  fjtterii'  fer«r.  In  the  nb»oncc  of 
bftcteriologic-d  test  tho  liiagnosis  of  Hiphihfria  may  in  some  in*tjince« 
been  but  conjectural.  Murchison  (7),  however,  rejwrted  one  ca*c  inwl 
albuminiu'ia  and  pharyngeal  paralysis  sapcrvened,  and  at  the  aittop? 
there  was  membmne  in  the  larynx. 

The  co-existence  of  enteric  and  t^f^nts  fevers  would  not  bo  very  hkdt 
to  occur  in  this  country  at  the  presHnt  day.  Murchison  ^7)  rrpori<?d  -^ 
cases  in  which  the  diagnosis  could  hardly  )>e  called  in  tpiestion.  In  lwoi>^ 
them,  although  the  typhus  supervened  during  the  course  of  the  cBW* 
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ttack,  the  eruptions  overlapped  each  other,  and  the  patients  ultimately 
ecorerod.  In  the  absence  of  the  typhus  rash  the  elucidation  of  the 
ondition  would,  no  doubt,  be  very  difficult. 

The  only  other  infective  fever  of  which  the  diagnosis  is  likely  to  give 
tse  to  any  special  difficulty  when  occurring  in  connexion  with  enteric  fever 
s  mumps.  It  should  not  be  forgotten  that  a  symptomatic  parotitis  is  not 
ofreqnently  met  with  as  a  complication  of  the  former  disease. 

Instances  in  which  the  course  of  one  infectious  disease  has  been 
omplicated  by  the  appearance  of  a  second  have  been  recorded  by  many 
ompetent  observers  during  the  last  fifty  or  sixty  years ;  and  such 
oncurrences  may  be  frequently  observed  in  the  wards  of  any  large 
ever  hospital. 

F.  FooRD  Caiger. 
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ISTftODUCTiON.— As  is  well  known,  some  diseases,  such  us  typhoid  fever, 
cholem,  and  dysentery,  may  be  spread  by  food  infected  with  the 
organisms  responsilile  for  these  diseases. 

The  (liscovery  by  Selmi,  Brieger,  and  others  of  various  toxic  sulh 
sUiiicea  which  am  be  separated,  in  a  piire  crystalline  form,  by  clunuical 
means  from  decomposing  food,  is  i-csponsible  for  the  widespread  belief 
that  ingesta  may  I>e  poisonous  from  the  presence  of  cert^iin  alkaluidal 
Biilwtaiici«.  \'arioU8  refusons,  however,  can  be  ad<Juced  to  shew  that  this 
concoptinn  is  largely,  if  not  entirely,  erroneous.  Thus,  although  certain 
alkaloi'lal  siibst^inces  can  be  separated  from  decomposing  organic  rantter 
by  the  interaction  of  greiit  heat  and  strong  acids,  it  does  not  follow  tluit 
these  bodies  existed  before  the  einplo^Tuent  of  these  chemical  and 
phvifical  methods.  It  is  quite  true  that  symptoms  have  frequently 
followed  so  soon  after  the  ijiti-oductioii  of  poisonous  food  ;«  to  give  rise 
to  the  belief  that  some  solu)>le  preformed  poisons  were  responsible 
for  the  clinical  manifcstjvtions.  A  rapid  onset  of  s,ymptoms,  however, 
does  not  necesiiarily  point  to  the  presence  of  a  chemicjil  agent ;  indeed 
there  are  now  many  reasons  for  belicxiug  that  the  poison  is  of  a  more 
complex  nature — in  short,  is  a  true  toxin  molecule,  in  the  bacteriolngitsil 
sense  of  the  t«rm.  That  Ijjicteria  are  rcsixtnsible  for  the  poisoning  which 
foUnws  the  ingestion  of  certain  food,  is  prolwd^e  bccjiuse  they  have  been 
idcntiHed  in  a  very  large  proportion  of  the  epidemics  of  foorl  [wisoning 
that  have  been  bacteriologically  investigated.  According  to  one  estimate, 
fully  four  fifths  of  meatrjioisoning  epidomitis  have  l»ecn  proved  to  be  due 
to  the  ingestion  of  the  fle.sh  of  animals  suffering  from  bacterial  infectitin. 
Out  of  more  than  100  epidemics  of  (oaf]  pobioning,  aficeting  more  than 
6000  people,  van  Ermengcm  (21)  could  find  only  nine  in  wliich  the 
healthiness  or  the  reverse  of  the  animals,  from  which  the  meat  was 
derived,  wiia  unknown,  as  against  103  epiiicmics  in  which  it  w.is  known 
definitely  that  such  animals  were  suffering  fi*om  septicaemia,  pyiemia, 
enteritis,  arid  other  diseases.  It  is  idso  conceivable  that  meat  may  be 
contaminated  with  pathogenetic  nrganinms  afier  the  slaughter  of  the 
animals.      Further,   milk  and   milk-products,  as   well  as  meat,   may   be 
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poisonous  tm  the  result  of  infection  ;  thus,  milk  uiay  contaiu  |taUiuge 
organisms   when   obtained  from   the  cow,  or  it  may  be  infwied 
quently.      Tho   question,    liowever,  remains   whether    food   und« 
putrefaction — that   is,   the    changes  associated   \nth    the   prodnctauo 
ofl'ensivu  gnses  hs   tlie   rt-'sult   of   tho   activity  of  putrefactive 
such  a8  the  Proteus  zrnkeri,  Vroteus  mirabilis,  iitieiilui  ptfurtfannu  fati 
Mkrofvccus  fuitidu^s — is  able  to  produce  some  of  the  symptom*  of  h 
poisoning. 

The    ptomaines  described  by  Gautier,  Bricger,  an*]  others,  mcl 
neuridinc,  sjiprine,  putre^cine,  methylaniine,  cullidine,  althoii^^h  .\i  fine 
thought   to  he   of    iniportiincc   as  toxic   agents,  are  now   coiia 
possess  very  slight  poisonous  action.     It  is  not,  inoreover,  a^ 
putrefataivc    or^nisms   or   their   (Hodiicta    are   f»[»able   of    pi 
sjrmptoms  of  poisoning  in  man,  for  it  is  argued  that  the  mere  prodi 
of  symptoms   uxpcrimcnUilly   by    the    intravenous    injectimi   of  U 
derived   from  thcHc   organisms,   does   not  prove   that  simihir  ^rrajiloiw 
in  epidemics  of  food  poisoning  are  ncoe&sarUy  due  to  the  amuc  ;t^eiiL 

Theru  (ire  considembli?  difficiJties  wilh  respect  to  the  use  of  th*"  •"fl 
*' sajirophy to  "  as  opposed  to  pathogeiietie  organism.  Neiirly  all  p 
genetic  organisms  can  be  cultivated  in  the  laboratory  and  am 
and  produce  poisons  outside  the  animal  body,  and  are  therefon)  f« 
tivu  MLpr(>phyt(!fi.  Hut  van  Krmengem  maiittains  that  eerlaiu  ul 
saprophytes  can  form  toxins  capable  of  producing  patholugi<:al] 
clinically  and  experimentally.  It  is  also  mainU'iiucd  that  cert 
factive  organisms  are  pathogenetic  in  the  same  way^  so  that  wbfti  it  )* 
remembered  that  various  organisms  can  grow  upon  meat,  and  can  produce 
toxic  agents  capable,  when  injected  intravenously,  of  giving  riw  » 
symptoms  of  enteritis  in  animals,  there  is  some  reas<m  to  l>cli«ve  llutf 
the  same  toxin,  when  present  in  food,  may  bu  ulisurlfed  from  t^ 
alimentary  tract  of  human  beings,  and  produce  the  enteritis  of  fr«^ 
poisoning.  The  consumption  of  venison  and  game,  however,  i« 
usually  followed  by  these  symptoms,  and  there  are  strong  n-a»oni 
hesitating  to  accept  the  opinion  that  putrefactive  organisms  an 
cauKe  nf  ftXKl  (^K)isoning.  The  discovery  of  a  putrefactive  orgnuisn 
food    does   not   exclude    the   possibib'ty   that  a    |'    '  nc 

originally  present  had  been  otUgrown  by   the   [ton  laleaa  pttUr- 

factive  organisms.     Although  miiuy  of  the  original   ptomaines  arc 
known   to  be   harmless,  some,  such  as  choline,   which  has  bo«^n  k 
in  cholera  cultures,  have  been  shewn,  in  quite  another  dflpnrUnent 
medicine,  to  be  capable  of  producing  convulsions.     Convulsive 
are,  however,  conspicuous  by  their  absence  in  the  reconls  of  food  p 
ing,  so  that  even  such  a  toxic  substance  as  choline  cajuiot  have  mudij 
do  with  foot!  poisoning. 

In  the  light  of  recent  research,  the  subject  of  food  {loisoniog  mayl 
fiummai'ised  in  the  following  way:  — 

(1)  Food  jwisoning,  in  an  increftsiiigly  large  proportion  uf  cmowv 
due  to  the  action  of  pathogenetic  organisms  which  are  either  pnamt 
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bfore  death  in  the  animal  from  which  such  iood  was  obtainod,  or  hnve 
<a>»e(]uently  gxinod  access  to  such  food.  In  both  casps  the  human 
wing  may  suffer  from  toxic  etTocts  either  immediately  or  only  ;ifter  iin 
nterval — the  period  of  incubation.  The  duration  of  the  iiicuhatiuii  will 
lepemi  ujHin  a  nnml»er  of  circuniRtances,  such  as  the  virulence  of  the 
vg&nism,  the  rcaiatjmce  of  the  individual,  and  ao  forth. 

(2)  l*tomaine  poisoning,  which  was  originally  held  to  1«)  responsible 
Or  various  epitleniica  of  food  poisoning,  is  a  very  restriclcil  |H>si«ibility. 
decomposed  food  is  rarely  an  attractive  article  of  diet,  and  oven  when 
ame  or  high  cheese  is  eaten  in  cotksidi^rable  quantity,  toxic  RynipUjms 
re  exceptional  or  entirely  absent  In  many  cases  of  food  poisoning  the 
30fl  consumed  has  appeared  to  be  quite  free  from  putrefaction,  as 
»sted  by  the  sense  of  smell.  Moreover,  it  is  admitted,  by  those  who 
elieve  in  ptomaine  poisoning,  tbat>  many  ptomaines  are  much  Icsw  toxic 
turn  the  fluiils  from  which  they  were  separated. 

(3)  It  is  impossible  to  deny  that  a  few  ptomaines,  such  iis  mydaleine  and 
irrotoxicrin,  may  occur  in  tainterl  food  before  ingestion,  or  may  develop 
uring  intestimd  decompoHition  and  cause  toxic  symptoms,  rofenible  to 
»cal  disLurtHinecs  of  the  alimentary  tract,  or  in  the  case  of  mytilocoxiue, 
f  the  central  nervous  system  also. 

A  knowIe<lge  of  the  temperatures  necessary  to  destroy  toxins  has  a 
erv'  important  bearing  in  the  consideration  of  food  poisoning.  As  n-ill 
e  seen  later,  exposure  of  food  to  a  temperature  of  60"  to  80""  C,  or  even 
tf  boiling-point  for  a  period  as  long  as  thirty  minutes  to  an  hour  and  a 
alf»  is  not  sufficient  to  destroy  certain  toxins.  It  follows  therefore  that, 
espite  the  greatest  care  in  cooking,  safety  cannot  be  jissiu'ed  unless  the 
nost  searching  inspection  of  meat  aiid  food  bo  carried  out.  Recent 
esearches  by  Drs.  Klein  and  Durliam,  and  many  foreign  investigators, 
hew  that  a  still  more  rigorous  examination  is  necessary  in  order  to 
letect  with  certainty  the  organisms  of  meat  poisoning.  Possibly  ajvithy 
owanis  this  imiK)rtjint  safeguard  has  resulted!  from  the  failure  of  the 
onccption  of  ptomaine  poisoning  to  carry  con\'iction  to  toxicologists. 

AJiother  problem  is  whether,  in  the  absence  of  bacterial  invasion,  food 
an  anderj;o  any  change  leJiding  to  the  pro<hiction  of  toxic  substances. 
According  to  von  Jaksch,  pure  milk  kept  warm  in  closed  vessels  may 
nanufocture  substances  which  are  not  destroyed  by  sterilisation.  The 
tniy  agenc}'  by  which  sncli  changes  t«n  be  brought  al»out  in  the  absence 
A  bacteria,  aerobic  and  anjiei-obic,  is  that  of  the  intracellular  fennents 
o  widely  distribute<l  in  antnial  tissues,  and  pottsibly  present  in  milk 
ilsa  Those  ferments,  acting  upon  the  prot«id  and  nucleo-proteid  of 
lie  animal  cell,  produce  decomposition-products  very  similar  to  those 
>roduced  by  heatT  acids,  and  Iwicteria.  This  action  is  hyilrolytic  ;  water 
e  split  up  and  the  free  hydiogen  and  hydroxyl.  combining  \rith  the  con- 
ititueots  of  the  cell,  give  rise  to  the  various  amino-compownds,  hexone- 
30848,  ammonia,  and  so  forth,  derived  fnmi  proteid,  and  purin  derivatives, 
mch  as  xanthine,  hy^wxanihinc,  pyrimidirie  derivatives  and  phosphoric 
kcid  from  the  disintcgi-ation  of  nuclco-proteids.     These  Ixxlies,  included 


under  the  old  term  "  leucomaines "  by  Gauticr,  arc  very  feebly  la 
even  on  exi)orimental  iDJectioii ;  bo  tkit  tlie  danger  of  f<x)d  thus 
is  at  least  doubtful.  The  symplorus  ascribod  to  the  ing»-«u>« 
[lurin  bodies,  such  as  h3rpo}:anthinG,  arc  \'ery  difTerent  from  those  f^ 
ing  the  consumption  of  food  infected  with  micro-orgiLuisms,  or  : 
uith  tiielr  toxin  prnrhicts.  Though  it  is  probubUt  tbut  a  diet 
of  IjLFgo  quantities  of  proteid  and  nucleo-proteid,  when  prolc 
many  yeara,  is  capable  of  disturbing  the  babincc  of  health,  ByDptcni 
of  an  aente  cliaracter,  compu-able  to  those  of  onlinary  fo<Hj-poi»ofuait 
are  not  met  with.  Further,  a  certain  ninount  of  disintegration  of  piPtcid 
and  nucleo-proteid  is  a  valuable  quality,  for  me-at  that  hat.  hung  for  mm 
time  is  more  easily  digested,  juid  is  more  sapid  than  iwsh  m^tt.  k 
change  attributed  to  intracelhdar  ferments.  Albumoses  and  peptow 
are  formed  in  the  initial  disintegration  of  proteids :  the  ininivcfx 
injection  of  these  bodies  give^  rise  to  toxic  symptom.s,  such  as  ft  Ul 
blood -pres.su re.  There  is,  however,  little  reason  to  believe  that  «l 
intrtxinced  int-o  the  alimentary  tract  these  substances  can  \m  ubeoil 
as  such,  and  cause  the  symptoms  met  vnth  in  food  poiMiiung.  Tlir|' 
would,  in  ordinaiy  circtunatances,  undergo  the  disintegration  eomnon  tn 
similar  pro<luct8  by  the  hydrolysis  of  pruteids  in  nfitural  digrttnf 
processes. 

In  face  of  the  overwhelming  evidence  in  favour  of  the  belief  that  tofti 
[X)isoning  is,  in  a  very  large  proportion  of  the  cases,  <tue  to  organisau  wi 
thoir  toxins,  using  the  term  in  the  bacteriological  sense  and  viewing  inii 
suspicion  the  conception  of  ptomaine  ]>oisoniDg,  i.f,  poisoning  by  climiraj 
substances  derived  fi-om  bacterial  organisms  or  by  leut-<tntatn«« 
stances  derive<^l  from  the  varioiiH  chemical  pi-ocesees  of  thf 
etiology  of  food  poisoning  may  well  be  introduced  by  a  ci»r 

these   micro-organisms   which   have   been  shown   to   be    rG.>j-^-u„ 

outbreaks  of  various  forms  of  food  [toisoning. 

EUology.^(I. )  Meat  Poihoninu. — (n)  Banlhti  entrntulis  {\ 
— The  opinion  that  food  poisoning  is  due  to  baclerial  agemries 
brought  into  prominence  by  HiUinger,  w  ho  attributed  certain  alimcniirr 
disturbances  to  mycotic  influence,  and  de3crihK?d  the  contlition  pmii»f«i 
as  "intestinal  sepsis"  or  " septico-pya'mic  gastro-enteritis."     Dr. 
(28),  one  of  the  first  to  work  at  the  imiwrtJint  subject  of  f<H»d  infectii 
investigated   in    1880   it«   bacterial   origin  in   an   epidemic  at  W*rlt 
i-eported  on  by  Dr.  Ballard  (ij),  and  subseipiently  demoufetraled  & 
bacillus  in  the  lungs  of  animals  experimentally  fed  with    food 
pork)  that  had    Iwen  ]iroved  by  Dr.   Ballard  (G)  to   l)0   refpom 
another  epidemic  of  pIcuropntMiraonia  at  Midtllesborough   in  II 
is  noteworthy  that  in  this  epidemic  the  disease   was  l.mnsmittivl  fr 
one  person  to  another,  that  is  to  say,  a  disease  originated  by  infwJ 
food  spread  subsequently  like  aji  infectious  disease.     In  the  aamo  /< 
1888,  Giirtner  described  an  organism  recovered  from  some  meat  ktwi 
to  have  pr<j»lucetl  symptoms  of  gjistri>intc8tin»l  di.^tiirUuire  in  man- 
organism  is  the  well-known  JitteUlus  futftitidu,  ami   pns«r«»rjs  charact^ 
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vliich  place  it  in  a  position  intGrmcdiata  hotweon  the  B.  t\fphosus  and  the 
B,  coii  coinmnnk.  It  differs  frora  these  two  orpani^niR  in  a  numlwr  of  ways, 
bat  an  importjint  (listiiiction  \j<  that  it.s  toxin  ;tp]>ears  to  he.  able  to  resist 
heat ;  it  is  infective  per  os  and  entering  the  system  can  produce  a  ha»mor- 
rba^c  sopticn^mia.  The  epidemic  invwstigatwl  by  (lartner  affected  fifty- 
eight  out  of  ninetythi^ee  i>eraonR  who  had  oaten  the  ilcah  of  an  ox  which 
bad  been  killed  becuiiso  it  had  diurrhtea.  One  of  the  affected  individuals 
Tomited  shortly  after  taking  the  f(>o<l  and  died  in  thirty-six  hours. 
Microscopic  examination  shewed  that  the  capillary  blootl-vossels  of  the 
meat  contained  numerous  bacilli,  which  by  cultural  methodis  were  proved 
to  be  identical  with  the  luiciUus  present  in  the  org:m9  of  the  fatal  c'i«e. 
Since  Gartner's  discovery  numerous  investigations  have  been  made  on 
food  poisonin;;:,  and  organisms  have  Ixjen  seiiarated  which  recall  the 
tnorphologiciU  features  of  the  Jlnnilbi.s  r'nirrUidi.s  so  stroiijtjly  that  it  lias 
been  presumed  that  the  organisms  in  all  these  cases  were  identical  with 
one  another  and  with  this  organism. 

As  will  subsequently  Ixi  seen  (rhlr  p.  S7f<)  there  is  every  reason  to 
believe  that  there  is  a  considerable  number  of  organisms  which,  though 
closely  allieil  morjihelogically,  and  even  in  their  pjitholopical  results,  to  the 
B,  €H/^riiidii^  are  really  different  varieties  possessing  quite  different  agglu- 
tinative reactions ;  as  was  shewn  by  I  )r.  Durham,  who  investigate*!  outljreaks 
of  food  poisoning  at  Hatton  (16),  rhaddt-.rtfjn  (15),  vSurbiton,  and  OMham 
(1>1),  and  found  that  o.ich  of  those  epidemics  was  due  to  the  infection  of 
food  by  organisms  belonging  to  the  group  of  the  Bivillus  entaitMis,  hut 
differing  from  this  organism  in  importJint  piLrticulars.  But  how  do  the 
animals  from  which  such  infected  meat  is  obtained  liecome  infected  f  They 
may  be  infected  from  food,  not  necessarily  derived  from  other  animals, 
but  from  vegetible  sources,  and  i^wssibiy  iiifeeted  by  airborne  organisms, 
but  this  is  not  proved.  The  closely  allied  organisms  belonging  to  the 
BiviUns  mieritUiU  group  have  been  named  according  to  the  particular 
epidemic  for  which  they  have  bceu  oousiilered  responsible.  They  fall 
into  one  or  other  of  two  gioups  according  to  their  agglutinative  reaction 
(van  Ermengem).  In  the  first  group,  exemplified  by  the  B.  enitritulin 
discovereii  by  Gartner  in  the  epitleniic  at  Frankenhausen,  are  included 
the  organisms  separated  by  van  Ermengem  at  liioorseele  and  Ghent  as 
well  as  organisms  isolate<l  by  de  Nobole,  Fischer,  and  others  in  various 
epidemics.  The  second  gi-oup  includes  organisms  which  show  different 
reactions,  and  the  type  taken  is  the  bacillus  discovered  by  de  Nol>ele 
at  Aertryke.  Van  Ermengem  includes  in  this  latter  group  the  organisms 
described  by  Or.  Dnrhain  in  the  Hatton,  Chadderton,  Surliiton,  and 
SiUford  epidemics,  as  well  .is  the  organisms  discovered  by  (iiirtnor  at 
Fosen  and  by  himself  at  Calmpthout.  The  bacillus  of  hog-cholera  may 
also  be  inclurlcfl  in  this  group.  Several  organisms  simibr  to  the  Bor.illus 
entrritidh  have  been  found  in  various  animals,  some  of  which  have  been 
shewn  to  be  uipablu  of  pnxlucing  disease  in  man,  and  such  human 
disease  has  been  transmitted  in  epidemic  form  to  other  persons ;  the 
Bacillus  psittacosis  of  Nocard,  the  Bacillus  ttfjjhi  murium  of  Loeffler,  and 


the  organism  describod  as  the  B.  ps&udo-tiibcmilosif  may  also  be  aid  ti 
belong    to    the    Bacilttf^'*  fwMiVWw   group.      A   "paracolon"  or  "pw*-^ 
typhoid"    bacilhia  {i:t>ic    article  "Paratyphoid  Fever,"  Vol.  I.  p.  II5i 
presetits  athtiitios  to  the  types  of  iJadllas  entfritidvs,  bat  fio  far  W  W«| 
iiBiKX'iated  with  only  one  definite  epidemic  of  meat  poisoning.     Tr 
niiinu  has  dtidcril«d  an  epidemic  of  me;it  poisoning  at  Diiftseldorf  fo 
iug   the  consumption   of  horse -flesh;   the  organism   Beparatal  ni  tW 
bftcilluB  of  p;inxtypboid  fever.     Mr.   H.   He  IL  Morgan   has  ffttidieil  tie 
nrptrii^ns  Imlnnginp  in  ibe  mejit-jKiisoning  group  and  the  fttmtv^th'jid 
group  in  their   distribution   in  the  intestines  of   animals  Ruch  u  Uv 
horse,  bullock,  ox,  glieepj  and  pig.     He  finds  that  the  organiiuxiA  pi«MBi 
in  the  intestines  of  these  Hnimals  fall  into  ono  of  throe  groupa,  Mttxi 
ing  to  their  agglutinative  reactions,  namely,  a  group  closely  alliwl  lo 
the    bacillus    respoiistible  for  the  meat  poisouin;;  at  Acrtrykr-,  a  groop 
allied   to  the  BaHllus  jmiitacosi^,  and   a  group  allied  to  the  hadUitt  ^ 
paratyphoid  fever  (type  A  of  Schottmiiller). 

Tm[}ortaTtt  investigations  have  been  cartied  out  on  the  toicins  (rf  i| 
JiariUus  eni^friiidis.      Fischer  and  van  Ermengom  have  fonnd   that 
Baailus  mieriliiis  possesses  an  endogenous  toxin.      Fischer  mair 
that  this  toxin  is  not  destroyed  by  prolonged  heat.      Dr.  Sidney  Ui 
(■42)  has  shewn  that,  except  in  its  rcnigtance  to  hcjiu  tlu-  ■  ■  '  ^'^ 

mtrritidk  is   similar  to  that  obUiinable  from  the  Bnciiiv 
and  Catbcart  has  recently  confirme<i   this  ol^servation  and   vhewn  tl 
the  endogenous  toxin  of  this  organism,  obuunod  by  prolonged  auioly 
or  hy  grinding  up  the  bacilli  by  the  method  of  Dr.  A.  Macfadven  n 
Mr.  Kowland.  reaista  boiling  for  thirty  minutes. 

{h)  liuriJIux  7y;>/wMi/.s. — It  is  unnecessary  hero  to  discusn  ibc  inffl<li» 
of  meat  by  the  hnnUus  tijphosus,  but  attention  maj*  be  drawn  to  .Iftcob- 
thnl's  obi>er\'ation  that  the  meat  taken  from  a  cow  with  n  splenic  alwOH 
caused  an  epidemic  of  typhoid  fever ;  from  the  pus  of  the  tlutctm  be 
recovered  organisms  which  gave  an  agglutinative  reaction  tdcndcal  'i^M 
that  of  the  typhoid  bacillus.  Babes  (4)  also  states  that  the  true  ty|ibdi^| 
bacillus  has  been  found  in  pork. 

(c)  Baciilus  Botulimts.—lt  is  well  known  that  in  certain  counuw^ 
especially  on  the  Continent,  epidemics  of  meat  poisoning  have  occunwl 
from  time  to  time  characteriso^l  by  a  very  definite  group  of  sysi 
referable  to  the  nervous  system.  The  food  consumed  has  freqi 
been  in  the  form  of  sausages  made  from  liver,  blood,  and  so 
but  similar  symptoms  have  followed  the  consumption  of  salted  an' 
smoked  meat,  ham,  various  forms  of  game,  preser%'ed  meat,  and  pi» 
made  from  these  articles.  The  name  of  Ujtulism  or  allantiasis  has  Iwn 
given  to  this  group  of  symptoms.  As  in  the  past  other  srniplOV* 
following  the  consumption  of  meat  ha\'e  been  nttritHited  t4>  ptn 
poifloning  frnm  putrefaction,  so  a  similar  explanation  \\»a  also  be«n 
of  botulism.  It  was  oWrvod.  however,  that  the  organisms  of 
faction  are  remarkable  hy  their  absence  or  by  thotr  rarity  in  such 
and  that  the  amount  of  ptomaine  that  could  be  extzvcled  wns  wy 
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small  and  incapable  of  producing  symptoms  of  true  botulism.  Various 
«ffoi-u  have  been  made  to  discover  the  orgHiiism  conccrntKl,  but  little 
has  resulted  beyond  the  dist^uvery  of  aerobic  bacilli,  possessing  all  the 
cbamcteristicfl  of  the  Hdcillu^  oM  communis. 

In  the  year  1897,  howi-vor,  van  Krmcngem  (20)  drew  attention  to  an 
Anaerobic  bacillus  which  ho  had  found  in  i89&  in  some  bam,  parta  of 
which  hail  been  ejiten  by  five  people,  three  of  whom  died.  The  animal 
from  which  the  ham  was  pi-eparcd  w.i«  evidently  free  from  disease,  for 
another  p^u-t  of  its  flesh  was  eaton  shortly  after  slaughter  and  caused  no 
symptoms ;  moreover,  the  second  ham  prepared  from  the  animid  had 
ondergonc  putrefactiou,  and  yet  ]>erson8  partaking  of  it  did  not  develop 
aymptoms  similar  to  those  of  the  other  persons  who  had  parUiken  of  the 
fiirsCr mentioned  ham,  and  the  oidy  organisms  Bei>arattid  were  the  Bncilint 
proUus  aiid  the  JiacUlua  coli  communis.  The  Hrst-mentioned  ham  alone 
produced  symptoms  of  botulism,  and  it  was  one  which  had  been  sub- 
merged in  a  pickling  Huid.  From  this  ham  van  Rrmeiigeni  was  able  to 
aeptinito  an  anaerobic  aporogenous  bacillus,  the  liaciiiv.i  l>oiuliniu%  which, 
although  cajuible  of  producing  fatal  toxins,  was,  he  states,  luiable  to  grow 
in  the  living  body.  This  is  a  somewhat  remarkable  sUttemcnt,  because  he 
reports  that  he  found  the  bacillus  in  the  .^^plecn  of  one  piitient  who  died, 
as  well  as  in  the  spleen  of  an  animal  fed  with  the  ham.  Van  Krmeiigem 
oonsidered  it  not  a  true  ]uitliogHnetic  organism,  but  mther  a  ^.'iprophyte 
capable  of  pro4iucing  toxins ;  hi.s  reasons  for  considering  this  organism  as 
non-pathogenetic  in  the  ordinary  sense  need  not  be  discussed  at  present, 
Init  it  may  be  sjiid  that  Dr.  Durham  and  other  observers  do  not  accept 
▼an  Ermengem's  view  that  the  FindJlus  fjotidiaiLH  is  a  toxigenous  or  patho- 
geootic  sjiprophyte. 

To  return  to  van  Ermengem's  obsei-vation,  watery  extracts  of  the 
poisonous  hum  \nelded  on  filtration  a  fluid  of  highly  tjjxic  chanioLer. 
Such  extract  exposed  to  hciit  of  80'  C.  for  half  an  hour,  or  treated  with 
carbolic  acid  and  exposed  for  a  long  time  to  air  and  sunlight,  shewed  a 
complete  loss  of  toxicity.  The  toxin  of  the  lUiriUus  bohUimts  resembles 
scvenil  ways,  especially  in  its  highly  poisonous  character,  the  tetanus 
xin,  and  like  it  is  apparently  fixed  by  the  cells  of  the  central  nervous 
system.  The  toxin  of  the  Bacillus  Itotuimua  when  injected  subcuUme- 
oufily  in  doses  of  -0001  to  '0005  c.cm.  of  a  filtered  bi-otb  culture  is  faud 
to  rabbits.  An  observation  of  gi'eater  importance  is  that  I  to  2  drops 
of  a  broth  or  gelatin  culture  administercil  to  guineii-pigs  by  the  mouth 
causes  death  in  twenty-four  to  thirty-six  hours  with  jironounccd  paralytic 
symptoms.  The  same  results  occur  in  monkeys  after  administration  of 
the  poisim  by  the  mouth.  Dog.s,  cats,  and  fowls  are  very  iinich  leas 
susceptible  to  the  toxin  given  by  month,  aii<l  dogs,  even  after  the  sub- 
cutaneous injection  of  10  to  30  c.cni.  uf  a  filtered  culture,  re;K-t  only  with 
fever,  local  suppuration,  and  wasting.  Van  Ennengem  found  that  the 
amount  of  ptomaines  present  in  the  food  was  exceedingly  small. 

(tf)  The  Btu'ilhig  cM  commftnis  apjjeara   to  occupy  a  dual   position  ; 
sometimes  it  acts  as  a  putrefactive  bacillus,  on  other  occasions  it  assumes 


pathogenetic  cbaracttiHstics.     Like  putrcfactivo  orgunisnis,  it  mar 
duce  all  un[)leas!ifit  odour  in  the  me;it  upon  which  it  }zrovr».     U  nuj' 
expects)  that  its  pjvsence  in  moat  U8e<l  for  food  may  ^ive  rise  in 
cases  either  to  infection  or  to  intoxication. 

Dr.  Klein  (29)  in  1880  described  an  organism  closely  allie<i  t«  liij 
fitidllas  coli  eornmunU  which  was  responsible  for  an  oulbreok  of 
poisoning  at  Carlisle  following  the  consumption  of  pork  and  n 
gravy-stock-     He  investigated  a  similar  epidemic  at  Portsmonth  iu  ll?l 
which  followed  the  consumption  of  meat-piu,  and  8\i8iH'ot«)i  the  otpaatB 
of  this  epidemic   to  bo  the  JioaUas  coli  cotninunis,  though   ■•n1woqiicu_ 
iminiry  led   him  t-o  believe  that  the  organism  wa«  the  litirdJufi  rni^nik 
(3-1).     Further  e\idence  that  Jiaciilus  coli  tonimuuif  may  infect  mcit 
provided  by  Dineur  (quoted  by  van  Erraengero),  who  was  able  to 
that  an   epidemic   of  sausage   poisoning  was  due  to    &  highly  viml 
Bacillus  coH  nymmttnis  in  the  food.     Fischer  also  separated  a  rirulcn; 
BfuUlns  ffili  conitnunis  from  pickled  moat  and  from  goose-liver. 

{(•)  JinrilitL^  Vmtr.uA. — Aa  alrejidy  |X)inted  out,  siime  authuhtie*  tlo 
believe  that  the  toxins  of  putrefactive  bacteria  produce  the  A^ym|>loaMi 
mettt  poisoning  ;  for  the  discovery  of  a  putrefactive  organism  in  food 
the  demonstration  of  its  toxic  etfects  when  injected  experiiuen tally 
a  vein,  or  subcuUiueously,  is  obviously  not  sufficient  proof  that 
cfmse  of  similar  sjnnptoms  in  man  occurring  aftcir  the  consumj 
food  containing  the  organism  ;    though   of  cour.se  it  is  somowl 
gestive.     Dr.  Durham  obtained  by  cultivation  from  the  liver  of  a 
dead  of  infection  with  (iiirtner's  bacillus,  numerous  coIuiugs  uf  this  h 
as  welt  jis  a  few  uf  the  JiOcUlu^  wli  communis.     A  sample  was  kept, 
OM  plating  out  from  it  again  a  few  days  later,  the  BacUiug  doti  f«mm 
and  a  few  examples  of  the  Bucillus  ptotrug  were  recovennl ;  but  tba*^ 
were  no  representatives  of  the  /iiu-Ulus  ndniiiilis.     A  week  latc^^  frtii 
plating   shewed    the  HacUlvA  proteus  only ;    the   other   two  or^uaaut 
seemed  to  have  died  out 

However,  the  notion  that  organisms  of  putrefaction  can  ptrali 
toxic  symptoms  has  so  impressed  other  observers  that  rcfercnc«  nfl 
be  made  to  the  subject  As  the  name  implies,  there  are  aevoml  vi 
of  the  liacilftui  pr(>tfti:t.  Uidike  the  Barilhis  cjiti  O'tumunis,  it  d(je* 
produce  a  faecal  odour,  though  it  is  associated  with  the  nsuid  pui 
factive  o<iours.  Salus  hiis  recently  brought  forwanl  reasons  for  *X( 
ing  the  Barillas  proteus  fi-om  the  group  of  putrefactive  organinuti 
the  ground  that  this  organism  is  unable  to  produce  pntrrfnctiiNi 
6brin.  He  is  also  inclined  U)  follow  the  teaching  of  Tjistcur,  thai 
putrefactive  bacteria  are  obligatory  anaerobes ;  the  Hq/HUlh  f/mifuif  i» 
aerobic  organism.  The  earlier  inve«tigation8  of  Brioger  ainl  other* 
directed  to  the  sejMiratiun,  by  chemical  and  ]>hysici*l  moans,  of  dcrii 
tives  of  putrefactive  organisms,  which  included  the  HarHlus  prokuii 
these  substances  the  term  ptomaine  w:is  ujipHlkI. 

Various  epidemics  of  meat  poisoning  through  the  alleged  agenrjri 
the  B(tciihM  proUus  have  been  deecriln?*!,  such  as  those  by  Levy,  bj 
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tieiu  (33)  in  an  epidemic  of  poisoning  by  potU>d  meat  at  Mansfielel,  by 
Rosenberg,  Schiiralwrg,  Gliicksniann,  and  Silborschmidt. 

Dr.  .Sidney  Martin  (47)  has  nhewn  tluit  it  is  possible  to  demonstrate 
ft  the  filtered  cultures  of  the  Biuillus  pruteuSy  and  in  the  bodies  of  these 
|MMiisnu,  a  toxic  subst-'ince  closely  combined  with  a  protcid  which  is  not 
^blbumobc.  This  siiltstjince  is  rcjwlily  extracted  from  the  dead  bodies 
•f  the  Utcilli  by  <I)stilIed  water.  Ho  also  observed  that  this  toxin  when 
tijectwl  intravenously  into  rabbits  ciiusea  a  fall  of  temperature  even  to 
n  extreme  degree,  iiipid  eviicnation  of  the  intestinal  contents,  great 
odily  tveakness,  vomiting,  and  oven  deatb.  Exposure  to  a  temperature 
f  100"  C.  for  a  shi>rt  time  does  not  destroy  the  toxin.  Levy  considers 
tjiit  //.  f/ioU'tt,-  produces  "sepsine,"  a  base  descril>ed  by  ScUmiedeljer^  and 
kir>,'niann,  intravenous  injection  of  which  sets  up  gastrointestinal 
^p^)mH  in  dogs. 

S Various  other  organisms  have  boon  discovered  in  meat,  and  have  been 
rded  as  possible  catises  of  meat  poisoning.  Dr.  Klein  (37)  htis 
rated  from  an  infusion  of  beef  which  was  allowed  to  putrefy,  an 
bligatory  anaerobic  bjicillu^  which  was  motile  and  sporogonous ;  when 
tjected  into  guinea-pigs,  this  organism,  described  as  B.  camis^  produced 
eatb  in  twenty -four  hours. 

The  particular  kinds  of  meat  which  are  liable  to  infection  aue  pork, 
oal,  beef,  and  horse  H cab.  As  a  ndc,  mutton  does  not  cause  moat  {>oii$on- 
ig,  though  cases  of  poisoning  from  lamb  have  been  rec^:>rded  by  Babes 
I)  and  ZalplacbtjL. 

Those  considerations  alwut  infection  and  intoxication  in  meat  poison- 
ig  must  misti  many  queHtions,  ea|)ecially  the  possibility  that  such 
ifections  and  intoxications  may  explain  certain  acute  illneHsea  of 
oubtful  origin.  It  is  known  that  certain  typhoid-like  disorders  are 
ue  to  a  a[)ccia1  paratyphoid  organism,  and  it  is  conceivable  that  meat 
r  food  infection  may  be  responsible  for  tlie  numerous  ca^es  of  zymotic 
iarrhi*a,  of  various  ImMnorrhagic  disorders,  acute  bronchial  and  pul- 
lonary  affections,  myelitis,  various  forms  of  febrile  jaundice,  and  a 
Lfgd  group  of  cases  for  which  at  present  we  have  no  explanation  and 
&n  merely  label  eryptogenctic  infection. 

As  Bal)e8  points  out,  the  a[)plication  of  senim-diagnosis  to  such  cases 
lay  in  the  future  shew  that  some  at  least  are  due  to  food  infection,  not 
nly  by  typhoid  Iwicilli,  but  by  the  jmratyphoid  bacillus  or  by  that  large 
roup  of  organisms  which  are  generically  known  as  the  organisms  of 
leat  infection. 

Scurvy  li.is  be«n  attributed  to  the  want  of  certain  ingredients  found 
nly  in  fresh  vegetables  It  has,  however,  been  found  that  scurvy  does 
ot  develop  so  long  as  fresh  meat  is  consumed,  and  Mr.  Jackson  and 
>r.  Harley,  by  feeding  animals  with  slightly  tainted  meat,  have  pro- 
ucefl  experimentally  a  dise^ise  analogous  to  scnrxy,  which  was  not 
Tcvented  by  giving  sound  maize  and  rice  at  the  same  time.  Tonip 
tideod  has  suggested  that  scun-y  is  due  to  ptomaine  poisoning,  but 
n    the  absence   of   bacteriological   investigation   in    Mr.  Jackson   and 
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Dr.  Uariey's  research,  it  is  poHsibla  that  human  scurvy  is  due  to  lb 
presence  of  bacteria  and  to  the  development  of  bacterial  toxinf  la  ihr 
meat  consumed. 

It  iM  stilted  that  the  flesh  of  animaU  thiit  have  urn ler^ne  grmt  foi^ 
just  before  death  is  toxic.  Richardiere  suggests  that  this  mar  be  iloc 
to  the  presence  of  an  excessive  amount  of  leucomaiues,  btii  Rt^ 
conjectureH  that  these  animals  have  reall}'  undergone  :U)  auco-inteccioo. 
and  \Vurt2,  supporting  the  same  opinion,  quotas  Cbarrin's  expensKBti 
shenjing  that  fatigue  favours  the  escape  of  micro-organisms  fmm  tk 
inte«iiinal  tract  into  the  blood.  It  is  known  that  the  Hesb  of  fAtigoai 
animals  putrefies  much  more  quickly  than  that  of  unfatigued  ouea 

(II.)  Poisoning   by   Milk   and  Milk   Dkrivatives. — Milk  vu 
become  infected  by  organisms  present  iu  the  animal  from  which  it  b 
obtJiinod,  or  by  organisms  after  its  removal  and  before  f' 
in  lhi«  way  nwy  spread  diseases,  such  as  lul^erculusis,  t^ 
probalily  ihoae  zymotic  diseases  which  alVcct  children  more  espDcu%Ji 
the  summer  months  and  are   due   to  organisms  nllied   to   the  B*fr^ 
f/y.^rrt/ri-wf  (Shiga).     It  is  possible  that  putrefactive  changes  ocnun  . 
milk  may  also  be  responsible  for  the  symptoms  produced.    Dr.  KKt 
has  slicwn  that  pathogenetic  varietiee  of  the  Bacillus  ruii  eommitr 
occur  in  ice-cream.     Cult^ires  of  this  organism,  when  inocnUtcd  iu  suulJ 
doses   into   rodents,   produced   general   bjcmonhagic  septit::i'niia,  guuo- 
enteritis,  peritonitis,  and  death  within  twenty-four  to  forty-f.ight  himn- 
ITie  organism  bad  !>een  recovered  fruni  ict-cre.-ini  res|>onHible  for  an  ottf 
break  of  gastro-enteritis  in   man.     This  organism  was  DOl  the  iia^^v 
tnterituivi,   and    was    not   the  Huc'dlas   cdi   cc/mmuni&t  though   it  closeli 
resembled   it      Dr.  KK>in  (31)  has  also  detected  the  anaerobic  £«>&• 
eitifriti'lis  •ijwrofjrur.H  in  eight  out  of    ten  samples   of   milk  %\xh\i 
examination  ;  its  pathogenicity  to  rodents  was,  however,  vnrial 
also  found  it  in  the  stools  in  infantile  diarrhcpA  and   cholera  ntiatni; 
Dr.  Andrewi*a  has  described  epidemics  ap^KU-cntly  due  to  tbia  orguiiiK 

Out  uf  thirty-nine  samples  of  milk  frt>m  different  countiefi  in  th> 
country,  Dr.  Klein  (34)  foimd  that  ten,  i.r.  2r»-ri  jter  cent,  contained  lb 
iJtu'illti.'i  fiitniHtlis  {G:irtx\er) ;  ami  he  points  out  that  in  warm  wealbtflbi 
organism  wotdd  have  rapidly  increased  in  number  without  altering  xht 
appearance  of  tiie  milk,  and  so  in  the  absence  of  sterilisation  of  the  iuUl 
this  organism  would  have  been  readily  capable  of  producing  uifectioni 
the  individual  who  consumed  the  milk.  As  already  pointed  out 
toxin  of  tike  Hn-cilUiA  nitfrHidi-n  is  not  destroyed  by  heating  for  a 
siderable  time  to  100"  C,  so  that  ordinary  methoila  of 
woidd  not  have  rendered  such  milk  harndess. 

Drs.  Darra  .\I;iir  and  \V.  IT-  Rrook  have  descriliod  lui  epidemic  oecra 
ring  iu  Lincoln  which  simulated,  but  wiis  in  reality  <)uiie  <liaiinct 
scarlet  fever.     This  epidemic.  ap|)arently  due  to  milk  infection,  afTeci 
forty-threo  people,  and   caused   the  death  of  one  from   septic   pblehit 
hemiplegia,  and  coma.     Drs,   Klein  and  Gordon  have  Immght  forw< 
evidence  to  show  that  this  epidemic  was  due  to  a  yeast  closely 


Oitiium  tUhwina,  though  not  identical  with  it,  and  they  have  given  it  the 
nAiau  of  &\cehar<nn*jces  hominin.  The  yeast  was  o))taincd  by  culttiru 
from  throe  swabs  out  of  the  seventeen  submitted  to  exumination. 

Pfrhoning  hy  iJirfse  has  attracted  much  attention  since  the  rem;uk- 
9\Ae  outbreak  in  Michigan,  in  18S3-4,  of  an  epidemic  which  wau 
investigated  by  Vaughan.  He  was  able  to  separate,  by  means  of  extrac- 
tion by  ether  of  an  alkaline  watery  extract  of  the  cheese,  a  crystidlitiabte 
eubstjince  to  which  ho  applied  the  name  lyrotoxicon — a  term  previoUHly 
u«od  to  describe  a  poisououB  substiince  suspected  to  be  in  cheese,  but 
not  separated  in  a  jiure  state.  Tyrotoxicon  has  al»o  been  funnd  in 
milk,  ice-cream,  and  custards.  Vaughan  considered  it  to  l«s  the  result 
of  putrefactive  cbauge«  in  the  food,  Imt  has  not  been  able  to  discover 
the  organism.  Tvrotoxicon  is,  however,  a  comparatively  rare  poison  in 
cheese;  and  in  1890  Ynu^han,  luiving  failed  to  obtain  cvitlcnce  of  it« 
praseoce  in  several  cheeses  known  to  lie  poisonous,  carried  out  further 
investigations  which  led  him  and  bin  collaborators  to  conclude  th»t  in 
certain  cheeses  a  bacillus  occurs  which  >»elongs  to  the  colon  group  and 
contains  an  iritnicellulav  toxin.  Ho  found  that  this  toxin  is  not  destroyed 
by  such  extreme  heat  an  1H4^  C,  and  is  capable  of  exerting  putlto- 
logicnl  effects  when  injected  into  guinea-pigs.  Obviously  this  organism 
is  iKJt  the  BaciUus  coli  commnfm,  for  the  toxin  of  this  organism  is 
destructible  at  much  lower  degrees  of  tcmperatvirc.  Posail)ly  the 
organism  discovered  by  Vaughan  rcjilly  belongs  to  the  meat-poisoning 
group  of  organisms.  Locbte  points  out  that  some  cases  of  cheese 
poisoning  are  due  to  infection  with  an  organism  allied  to  the  colon 
bacillus,  and  considers  that  in  the  remainder  the  symptoms  are  probably 
due  to  intoxication  by  the  products  of  this  organism.  Even  butter  has 
been  found  to  produce  symptoms  allied  to  milk  and  meat  jioisoning, 
and  presiuuably  similar  organisms  are  responsible  for  such  effects.  It  is 
probable  that  in  poisoning  by  milk  and  milkHlerivatives,  l>acteria  are 
responsible  for  the  symptoms  either  directly  or  indirectly  through  the 
influence  of  their  toxins,  and  that,  as  in  meat  poisoning,  hesitation  to 
sept  this  origin  of  food  poisoning  hiis  been  caused  by  our  ignoi^anto  of 

resistance  to  heat  of  t!ie  varifnts  loxinm  concernerl. 

(HI.)  Poisoning  by  Fi.sh. — What  has  been  said  about  milk  and  milk 
derivatives  applies  equally  well  to  fish.  The  name  of  ichthyotoxismus 
has  been  given  to  the  symptoms  produced  by  ix)isonoua  iish.  According 
to  Ulnch,  fish  poisoning  may  be  due  to  the  infection  of  living  fish,  such 
fts  sturgeon,  carp,  or  barbel,  by  the  Hadllns  }m)t^H8,  or  the  food  may 
Ixj  infected  after  the  death  of  the  fish  and  before  it  is  eaten.  Prnlwhly 
the  efiidemic  of  malignant  a-dcma  described  by  Sir  T.  Stevenson  wus  due 
to  microhic  infection  of  sardine.^  in  this  way.  In  some  cases  fish  havo 
pro<inccd  toxic  symptoms,  utid  the  organism  recovered  from  the  food-  has 
been  recognised  as  the  Baciiliu  //unUffp/ux^us,  variety  B,  described  by 
Schottrauller ;  Sloll  descrilH'd  an  epidemic  in  which  two  families  were 
afftKited  ;  seven  people  fell  ill,  and  two  died.  Schottmiiller's  organism 
was  recognised   by  Silberschmidt.     Other  cases  of   fish  poisoning  have 
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boon  ascribed  to  the  Biieillns  Itotuliiws.      Salted  cod  occanionally 
red  in  colour,  and  is  then  found  to  bu  very  toxic.     At  nn«  iiran  it 
thought  that  thiti  was  duu  to  ii  chroniogonotic  furij^s,  but  AVuclx 
that  the  toxicity  is  due  to  the  action   of    bacu^tia   which   fluuri&h 
ubutidantly  in  the  jiresence  of  other  chroino!ionetic  fungi. 

Another  form  nf  fish  poisoning,  hoMrvur,  dot'*^n<ls  uj>on  rjime  difletm 
factors.  The  roes  of  ccrtfiin  fish  arc  more  poisonous  at  thu  f|ftVTin^ 
seasons  than  ut  others.  This  is  well  known  in  the  ciise  of  the  cuiliB 
caught  in  the  Antilles,  in  the  cu.se  of  the  tunny  fish,  or  Spiinisb  nocli 
in  the  case  of  the  pike,  und  e%pecudly  of  the  barbel.  The 
of  the  ovary  of  the  Imrbel  givew  rise  to  a  ^Toup  of  aynii>f.omK  "itiw 
those  of  cholera,  hence  the  CJcrmRn  term  nf   rSftrU::n(h<  ■  ■  m* 

the  muscle  of  fish  is  made  harmful  by  admixture  with  ,  -  oipa^ 

derived  from  the  same  ariinKil  ;  foi*  example,  various  s|*et*ieK  ui  in 
found  in  the  Japanese  jmd  ('hincse  .seas,  in  the  East  Indian  ^Vrchi) 
and  at  the  Cape,  are  especially  poisonous  if  the  flesh  be  coniai 
with  the  liver,  stomach,  or  ovary;  a  cuniri-like  substances  fii^'n.  u 
to  bo  responsible  for  this  effect.  Giinthcr  has  shewn  that 
members  of  the  herring  tribe,  which  oixlinimly  possess  neither  (hmmukoi 
He.sh  nor  poiaonniis  organs,  bciromi^  harmftd  when  ihey  fi'wl  on  cotii^ 
coral  banks.  Fatal  gastro-entoritis  hivs  been  known  to  follow  the 
sumption  of  such  fish  in  these  ciix!umBtances.  /Wromjir^m  Jtmt 
the  lamprey  or  "  Nine-Kyes;,"  in  the  fresh  condition,  or  even  aflar 
ing  or  boiling,  causes  symptoms  of  poisoning ;  buU  if  first  treated  wii 
salt,  the  animal  discharges  a  large  amount  of  mucus  and  brcooiM  » 
nocuon.'i  (Kobert). 

S/u:ll'Jufh.  —  Very  considerable  interest  attaches  tn  the  stiwijr  '^ 
Ivicteriai  infection  foUowing  the  con.sumption  of  certain  crustaceum 
nioUuHca,  etc.  i^mptoms  of  iKiisoning  are  known  after  eating  K  *  "  ~ 
shrimps,  crabs,  periwinkles,  and  edible  snails.  Oysters,  too,  ha- 
considered  to  be  the  vehicle  nf  typhoid  and  allied  diseases,  andj 
«idemtion  of  foo<l  infettinn  would  be  complete  without  a  rth 
the  grave  danger  of  mussel  poisoning.  It  is  stateil  tlmt  the 
of  mits^sels  can  bo  materially  afibcl^j<l  by  unhealthy  snmiumlingi, 
as  sewage  discharge ;  and  it  has  been  staterl  that  the  disturbance  c 
health  thus  induce<l  leods  to  the  accumulation  within  the  liver 
mussel  of  certain  products  nf  disturlied  mctalMiIism,  If  wnm  U 
supposed  that  the  jkhbou  of  niu.^sels  was  nf  purely  jnr 
liul  this  ((pinion,  and  the  one  which  attributed  the  ^ytnj  : 
poisoning  are  no  longer  held.  It  must  l>e  admitted,  however,  in  the 
of  recent  rescarrhes  on  other  forms  of  food  poisoning,  tlmt  the  w 
tion  that  mussel  poi*ioning  is  due  to  ntetabolitos  produced  in  the 
us  the  result  uf  unhealthy  snn-ouiidings^  t.s  e<pm]|y  unsatvsfactii 
the  whole  subject  re*|uires  thorough  re- investigation.  Our  pmcMt 
knowledge  daleft  from  an  epidemic  of  muss**!  poisoning  at  \Vfllielfl» 
havon,roixirted  on  iy  Virchow  in  lf*8j,  in  which  an  alkaloid  myulnloocv* 
was  separated.     E.  Stdkowaki  found  that  the  toxicity  of  the  maoA 
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due  to  au  oi^nic  siibstaiicu  uultible  in  alc<»hoI ;  ti'o  mgm.  of  the  dried 
Twiduc  of  the  alcoholic  extnict  sufficed  to  kill  a  rahhit  of  1  kilogi-amme 
in  much  the  same  way  ajs  curari  does.  Brieger  Kepaiiitcil  this  t>iibstance, 
uml  gave  it  the  forniuln  of  C,,H,^NOa.  M'olff  found  that  the  toxic 
mbiitaTice  was  mainly  accumulated  in  the  liver.  Since  it  was  ]K)ssil)lc  to 
miller  the  mussels  quite  harndess  by  exposure  to  fre*h  sea-water,  and 
to  make  them  poisonous  again  hy  replacing  them  in  the  harbour  ^vater, 
it  ie  highly  probable  that  the  formation  of  mytilotoxino  is  due  to 
Imcteria.  K%  the  BtxciUtt^  UttnlinHs  is  the  most  common  cuuims  of  so-called 
ichtliyotoxismus,  it  has  l»een  suggested  that  mussel  poisoning  is  also  due 
l«  this  microorgimiBm  ;  but,  us  w-ill  be  seen  in  the  section  on  Diagnosis, 
liiere  arc  strong  L'linicjd  rejisons  ap'Lin.=4t  this.  Ostertag  concludes  that 
mussel  poUonJti^  must  Ijc  *;onsidered  an  intoxication  yHi  (jenrris. 

(IV.)  Vegetable  Poisoning. — Reference  to  poisoning  by  vegetable 

jifoduct«,  &s  in  the  case  of  ergotism  or  jwlla^-a,  will  be  found  elsewhere. 

It  is  obvious  that  tinned  mcjits  and  tinned  fruits  may  contain  poisons  of 

n  inorgnnic  nature  derived  from  the  metal  covers  enclosing  them.     [Fidi 

r  Xlctallic  PoiHoning."] 

oiuto    Poisoning.  —  In   various    plants    belonging   to   tlie    Sulitum-ta: 

occur,  in  certain  circumstances,  two  glucosidal  alkaloiiU — solanin 

id  KoUncin.     Solanin  is  very  similar  in  action  to  saponin,  and  occurs 

hbages  and  green  fnuts,  an<l   in  the  jackets  and  "  eyes  "  of  jwtatocs, 

ially   in    those   which   arc  beginning    to  grow.      Fowls  and   other 

oniestic  animals  are  wiid  to  have  l>een  poisonwl  by  these  parts  of  the 

lants,  and  by  the  water  in  which  potatoes  have  been  cooked.      Although 

pparently  characteristic   symptoms  occur  in  domestic  animals,  such  a& 

Kiralysis  and  dilatation  of  the  i»upil,  there  are  com|>arativeIy  few  reports 

f  potato  poisoning  in  raan,  and  in  these  the  symptoms  have  been  mainly 

boac  of  gJistric  in-itation,      Pfidd  <Iescribed  an  epidemic  of  |K)isoning, 

fleeting   fifty -six    soldiers    belonging    to    a    fierman    regiment^    due    to 

tatoos  that  had  l>egnn   to  sprout.     Schmiedcberg  and  Meyer  have  sug- 

st«d  that  potiito  p*<iBoning  is  also  due  to  tlie  action  of  bactcna,  whei-eby 

he  amount  of   the   soUnin   present,  nomially  *061   gramme   per  kilo- 

ramxne,   is   increased  when    the   potatoes  sprout   or   are    grown    only 

|Ninially  covered  with  earth.     Weil  found  that  the  percentage  of  polanin 

i*  increased  by   the  action   of  at  least   two  of  the  thirteen  bact<»ria  he 

investigated  —  the  Bttricrium  solnniferum  lumcoioralnle  and    the  lindaivtn 

•goinni/rriim   ^olomhilt  ^  wherQus  the   remaining   eleven  organisms  failed 

to  produce  any  increase  in  the  amount  of  solunin. 

Landmann  h;is  reported  an  epidemic  of  food  poisoning  following  the 
Mse  of  lH.*an-«iIad.  Twenty-one  penj^le  were  affectud  and  eleven  ilied. 
The  sympt<>ms  producc<l  were  remarkable,  and  suggested  the  action  of 
ft  nerve  poison  resembling  that  produced  by  the  iUtfUlna  littuHnus. 
deed,  Landmann  w;is  able  to  separate,  the  />'.  hvtnlinns  from  the 
outs  of  meat  which  had  been  incorporated  iu  the  salad.  Dieudonni 
described  au  epidemic  of  potato  poisoning  in  which  the  iSacUhs 
recovered. 


It  is  not  easy  at  tho  present  moment  to  say  whether  AoUoin 
is  a  reality  or  not.     There  arc  some  reasons  to  believe  that  bttciDi 
than   those  which  lead  to  an  increase  of  Kolanin  are   respottsiU^ 
for  this  fonn  of  food  poisotiin*^ ;  Dieudoiiur  found  tliat  the  4iiioa 
Br)lanin  present  in  tho  siwpectw]  potatoes  was  only  *012  gimmiBe 
kilogramme,  or  less  than  is  usiully  found  iu  harmless  potatoee.  ud 
the  syni]itAim.s  agreed  with  those  usually  ascribed  to  eoUnin  poinuB^l 

Vegetable   products   have   been   shewn   to  harbour  the  SaciUm 
cornviMuis  by  Di*b.    Klein  and  Houston,    who  were  able  to  d«i 
it  in  whukt,  Hour,  oats,  rice,  and  ocitmeal  purcboAod  at  random  at 
establishments. 

MiiiJiroom    Poimnin^.  — Tlui    symptoms  of    mushroom   poason 
mycetismus,  have  been   variably  ascribed  to  idiosyncrasy,  to  tbt 
dental  ingestion  of  inedible  varieties  cont^u'ning  intrinsic  ptnwns 
as  pfuiUin  and  various  other  tr>xic  substances,  and  to  the  dcvelupnttntl 
the  fungi   after  gathering  and   in   a  vatiety  of  circumstances,  sock 
putrefaction,  of  such  alkaloiclal  Iwdies  as  muscarine.     These 
posi^ibililie8  seem  at  first  sight  reasonable  and  ade'|Uate  ;  but  a  stuArd 
the  symptoms  pn>dnccd  by  the  experimental  introduction  of  th< 
active  principles  which  have  been  sepiuated,  and  a  comparison  of 
with  the  symptoms  found  in  mu^hriMjm  j>ois<)iiing^  shew  that  our 
ledge  of   the  etiology  of  nuishroom  iwisoning  is  unsatisfactory.    N«l 
the  influence  of  putrefactive  and  other  organisms  well  understeod. 
little  attention  has  been  \mi\  to  the  {>ossi1ile  influence  of  autolysis  in 
genesis  of  harmful  agencies,  cjuite  apart  from  mycotic  inHueace  and 
existence  of  natural  intrinsic  poisons.     Mr.  Worthington  (-1.  Smith  rtst* 
that  it  is  believeil  tliat  some  mushro<jm3  are  harmful  by  virtue  of  othar 
parasitic  fungi  which  produce  changes  in  the  host ;   thus  the  eonott 
edible  fungus  is  sometimes  attacked  by  the  AfifcoffiyTm  tilba. 

It  is  impossible  to  avoid   the  su^estiuu   that  i>OMibIy  in  alleueiof 
mushroom  poisoning,  even  in  those  in  which  symptoms  are  said  to 
arisen  as  a  result  of    putrefactive  changes,   the   genuine   cfttuo  of 
toxic  symptoms  ii4   the  accident.'d  inclusion  of  some  ]>oisonnus  fi 
It  is  remarkable  that  cases  of  mushroom  poisoning  are  not  more 
even  in  this  country  than  they  are,  considering  the  very  real 
that  must  be  met  with  in  rlistinguishing  poisonous  from  edible 
and  the  very  toxic  nature  of  some  common  varieties  of  harmful 
rooms. 
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Mr.  AVonhingloii  G.  Smilh  sUitea  that  no  reliaiici:  cau  W  plumed 
the  colour  of  the  gills  us  a  means  of  scpiinitiug  the  poiaoncnufroni 
oililile  varielie*.     It  is  more   iiniwitiint,  even  e*3enti*l,  to  obMtre 
colour   of  the  six»res ;   frcfiuontly  the  colour  of   these  is  tbu  taw 
thiit  of  the  gills,  but  while  the  colour  of  the  spores  is  constant,  thit  d 
gills  varies  during  the  grcnvtli.      In  order  bo  discover  the  colnur  <>t 
apore-s,  he  recommends  that  tho  «i|>  or  j>ilcU8  of  the  muahrouuu,  «i 
are  Wnng  ex;»minod  with  the  olijed  of  ilistinguishing  the  Ajfnrim* 
pcslriji    or   Agmicm   tiircnJiU   from    tho  Agaricui   jtfwllouir»    or  J^ 
mtu^uriiu%  after  removal  from  the  ^udk,  sbouhl  be  placed  nn  a  pieet' 
paper  or  glass  with  the  gills  lowermost ;  in  a  fe\r  hours  the  KporM 
have   f.dlen   oft'  iind   have  formeil  a  coloured  pattern  of  ihe  gill*; 
white  spores  of  the  poisonoua  varietiofl  form  a  uuirked  contnst  to  Ui 
coldnred  spores  of  the  edible  fungi.     Manismiw<  ortn<i''s  U  rcadilj"  <iuto 
giiiriheii  by  its  hjibit  of  growing  in  tho  fiimiltar  "fairy  rings,"  aod  ti»j 
Boletus,  ^iorchella,  Helvelhi,  and  truffle  arc  readily  distinguished  U  ti 
respective   peculiarities  alwve  indicutod.      It  is  rocommendeil  to 
away  the  uibca  on  tho  iui<ler  surffice  of  the  Boletus  before  cooking. 
British  truffle  is  not  much   in  favour  aa  an  luticlo  of  Uicni,  the  Frwrt 
repi-esentative,  Tnhrr  mfhnosjwum,  being   preferred.      It   is   nnivrrwHi 
agreed  that  it  is  'piitc  useless  to  dcpen<l  on  the  popular  mr*' 
tinguishitig  harmless  fmm  poisonous  mushrooms  ;  appeal  m 
to  the  iH^tunical  cliaructors.     The  blackening  uf  articles  of  silver  : 
in  mushrooms  which  are  being  eooketl  is  no  test  of  ibeir  btuiuit^U'. 
nor  citn  pois^mous  mushrooms  be  rendei*ed  innocuous  by  miuentiag 
cohl  water,  except  in  the  case  of  Agaruiui  nmu(tn*t.\  or  by  adding 
vinegar,  or  tannin.     Pontick,  lioalroem,  B«ihra  and  Kulz  have  sbeim 
Jfclirlhi    rsniirnf"  when  fresh  contains   a    jioisonous   principle,  hot  ihtf 
waahing  in   hot   witer,  cooking,  or  oven  drying  renders   it  ini 
Mast  mu.shrooma,  the  morel  in  partieuhtr,  become  vet^  dangejoua  ai 
as  they  Iwgin  to  putrefy. 

To.rirf^nii'y'lt\^'>/Mttj(h)'ootns. — Mtt^atriiK. — This  alkaloid  frasdi 
>»y  Schmiodc}>ergand  Kop[M>  in  Agttru'HH  mujvarius  ;  cholif- 
anil  ainanirine  Inis  likewise   f^»c*'n  8e|"aratod  from  the    > 
and,  according  to  Robert,  is  identical  with  cbnb'ne.     Another  aikalc 
body,  muscaridino,  Avas  separated  by  Schmietlebei-g  ;  but  this  is  idi 
with  pilr-  or  fungus^itropino,  which  had  previoualy  been  described  i 
Kobert.     Mnacjirine  is  also  sopanible  from  other  fungi,  such  aa  the  Jj 
ptnthiTinHHf    /ittlrtua   luruhs,   B,    sufintaii,    Itvmth    rtixftka^    and    Ai 
pfutiloiilrs.      Considerable  interest  centres  around  the  elTocts  prndiMd  V 
jtoisoning  by  miLscarinc  as  compiriMl  with  thuse  of  poisoning  by  .■/lyiirtwi 
rniucarias.      Theit)  are  strong   reasons  for  believing  that  the 
oflectfi  met  with   in    poisoning    by   Atjarifn.^  niH-v/iniw  are   not  di 
muscarine,  or  at  most  in  part  only  ;  the  experimental  effect*  of  mn« 
poisoning  and  poisoning  by  Affmint^  j)nwiri»s  are  not  idcnt4( 
generally  believed  that  AijuvictDi  muscnrius  contain:^  other  t^jxio 
which  are  ifsponsible  for  the  symptoms  produced,  and  that  muscarin*< 
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iiot  exist  as  an  intrinsic  preformed  ]K>i8on,  but  results  from  the  decom- 
[KHsition  of  ncui'ifiti,  wliicli  is  derive*)  from  lliv  lecitliin  pn'sent  so  univer- 
toUy  in  ve^ot-iblti  life.  A  further  cHtficulty  is  that  niusiyirine  oljtained 
from  Afffiriciis  mujicariiui  does  not  produce  effects  identical  with  the 
BDuscarino  derived  by  chemical  nie^im  from  nourino  or  choline.  AcconJiiig 
to  HArnisen,  the  auhstiince  described  by  him  a^i  fungus-toxin  is  resjtonsibie 
Tor  some  lit  lea-st  of  the  more  chanicterislic  feiitures  of  mushroom 
poisoning,  espcicially  tht^  symptoiiii^  which  auggei^l  alcoholic  inU}xicati()n. 
Funjpisfttropineor  miiscaridiuo  h;w  also  been  supptwed  to  neutfalise  some 
l>f  the  etVcLts  from  the  action  of  muscarine,  so  that  symptoms  of  nmitcariuo 
poisoning  only  arise  when  such  ncuti-alisation  is  inefficient. 

In  men,  subcutaneous  injection  of  muscarine  in  small  doees  produco» 
profuse  sidivalion,  rapidity  withont  Rub.se«plt^nt  slowiujL;  of  the  [iidse, 
wdned*  of  the  face,  <|pddiness,  anxiety,  and,  acconJing  to  some  authoi-s, 
joniractiou  of  the  pupil,  or.  according  toothers,  dilatation.  All  observei-* 
igrec  that  disttirl>ancc  of  vision  occur.s,  eB[>ecially  paralysis  of  accom- 
norlation.  Pcrs]iiratton  of  the  face  and  slightly  of  the  l>ody  is  also 
loticeable.  After  largo  doses  there  is  slovring  of  the  pulse,  vomit- 
yig,    diarrhoea,    ecmvulflions,    and    death    from   cessation    of   the    heart- 

In  contrast  with  these  effects,  poisoning  by  muBhrooms.  such  as  the 
Ag^iricuf,  mmcnnus,  prrjdnces  intoxication  witli  all  the  initial  signs  (tf 
jxcilement,  including  dilatation  of  the  pupil.  Salivation,  vomiting, 
Jianh".'a,  and  slowing  of  the  pulse  may  be  entirely  absent.  Kobcrt 
ttatv.**  that  this  is  more  jMuticularly  the  cJise  with  the  Fly-fungiis  obtained 
from  Kamschatka  and  Sihcna,  where  the  natives  use  the  fiuigns  as  an 
Intuxicjint.  The  Affnricu^  mus'^anu^  of  Kurope,  however,  produces 
jyniptonm  more  like  those  of  mu-sciriue  poi>foning — delirium,  dilatation 
df  the  pu)nl,  slow  ]ndse,  diarrhoea,  and  vomiting.  , 

ViuiHtn.' — Kobert  extracted  from  Agaricm  phailoides  a  loxalbumin 
which  he  called  phallin.  This  substance  is  capable  cxix^rimcntully  i»f 
exerting  a  marked  ha'niolytic  action.  Foi-d  has  shewn  that,  besides 
phallin,  A>furioid  ithnlhndrs  contains  another  active  substance  which  he 
calU  amanito-toxin.  Cnlike  phallin,  anianit<Htoxin  is  thtirniostaltile,  and 
rasiats  digestion  by  pepsin  and  iwuicrcatin.  According  to  Ford,  an 
Bxperimentjil  injection  of  phallin  is  followed  by  subcutaneous  oKJcma 
ami  ha;mogIobinuria ;  and,  as  a  result  of  \U  bloo<l-laking  power,  gives 
rise  to  pigmentiition  of  the  spleen,  while  amanito-toxin  ]U'odncos  haemor- 
rhages and  fatty  degeneration  of  various  org:ins. 

UrltvUn-  .trill. — As  ali-eiuly  riHMitioned,  the  toxic  ort'uels  prwluced  by 
the  consumption  of  fivsh  Helvella  are  duo  to  this  boily  ;  when  dried, 
this  fiuigus  becomes  harmless  from  evaporation  of  the  acid,  but  it  must 
be  rcwcmhere<l  that  drying  docs  not  rerxlcr  other  poisionous  fungi,  &uch 
M  Agariatx  phallrwlrs  and  Agarirus  mu^arius,  harmless  ;  muscarine  does 
hot  evaporate,  and  is  nece^sinily  still  present  in  these  fini;<i  after  the 
process  of  drying.  Uclvellic  acid  and  extracts  of  the  IIi;Ivelbi  produce 
tuiiuea,  vomiting,  haemoglobinuria,  icterus,  suppreesion  of  urine  (rarely). 


Aiid  ura*mia.     Moreover,  cerebral  disturbances  may  ul&o  occur,  noiQuf 
the  effects  of  poieonitig  by  Afffiricus  p/ialloui^s  ami  Ari»riruA  ma 

Other  toxic  t^ub^^lnnees  have  been  separated  by  various  workenfm 
inuehrooms,  but   the  three   innntionetl   above  ai*e  the  most   imponir.! 
It   wil]   be   geeu   that   there   is   still    considerable   room   for  a   flfanr 
(iifferentiation  of  the  vurious  toxic  principles,  and  of  their  loxi<  pI 
the   impoi-tanco   and    real    significance   of   these    olwervations  miut 
accepted  with  reserve,  for   the    various   toxic    suKstance*  descriW 
not  appcjir   to    be    pivsent   constantly   in    the   various   funi>i   in  wi 
thev  were  originally  detected.     This  discrepancy  barmoniecs  with 
considerable  variability  in  the  toxic  effectj*  of  niiif»hroom  iwiwninj; 
man.     Kubert  in  the  last  edition  of  hia  work  admits  with  disap[iuif 
ment  that  he  no  longer  believes  phaliin  to  be  a  constant  or  even  frequaa 
constituent  of  A'jfnicnx  phaUouifS. 

Pathological  Anatomy.— In  poisoning  by  foods  aneh  lu  mMt^lidi, 
milk,  and  the  derivatives  of  milk,  containing  organisms  belonginj 
"enterilirlis"  group,  the  morbid  changes  are  mainly  wnfine<I 
alimentiu'V  tract  and  resemble  those  in  severe  ga*tro- enteritis, 
are  reatrictwl  mostly  to  the  small  intestines,  which  are  swollen 
hypenvmic ;  the  swelling  Ijeing  particularly  markeil  in  the  toli 
follicles  and  Peyer's  patchea.  The  liver  may  shew  hy|>ersiiUA, 
Rptoen  enlargement,  and  the  kidneys  congestion  or  inflammation, 
animals  from  which  the  harmful  meat  was  obuiinod,  such  w  autlr, 
calves,  pigs,  may  have  ntatiifeattid  signs  of  septicemia  tl<!|»r;ndmg  npon 
injury,  puerperal  infection,  and  there  may  bo  evidence  of  inflamnuUsua 
of  the  ut«rus,  joints,  umbilic^il  vein  ;  or  it  may  be  that  thoy  mffiJPBd 
from  enteritis  and  pnlmoimry  inHaniniation.  Aft4<.r  slaughter  the  vuiniD 
members  of  the  Uncillas  ent^'ittdis  group  have  been  fuund  in  the  spfewi 
liver,  glands,  iling'^,  muscles,  and  other  parts  of  the  animals.  tn\  that  ike 
use  of  these  particular  oigans  as  food  is  especially  apt  to  be  foUovfd 
opiilomics  of  food  poisoning. 

The  lesions  produced  in  man  by  the  tojcina  of  the  fiarilifu  W« 
chieMy  affect  the  central  nervous  S3'>st«m  and  tlie  salivary  ghmda. 
nesco  has  demonstrated  changes  in  the  anterior  horns  of  the  grey 
of  the  cord  and  medulla,  especially  of  the  nuclei  of  the  cerebral 
nerves — oculo-raotor,   hypoglossal,  glos>*o-pharyngeal,  and  vagiu^     UoiL 
of  the  organs  shew  a  certain  amount  of  hypcrH?mia,  with  small  hiri 
rhages  anrl   round-celled  infiltration.     Pneumonia  or  congestion  »( 
lungs  bus  been  a  fe^iture  in  certain  epidemirs  of  meat  poisuniojC 
example,  tln^  Mtddleslwrough  outbrwik  of  epidendc  pneunti';  '        '' 
flionaliy  mussel  poisoning  is  associal*'*!  with  g.lslr1^in^<^stinal   i. 
and  then  the  stomach  and  intestines  shew  the  onlinary  signs  oi 

There  may  be  little  or  nothing  discoverable  after  deatli  in  tituJa 
poiionttnf^  possibly  Itecause   death  has  resulted  frtmi  the  cffwta  on 
various  ntal  centres  of  such  a  toxin  as  fungus  atropine.     When 
intestinal   symptoms    have    been  well    marked,   hi«murrhAgea   into,  m^ 
erosions  of,   the  mucous  menibrane  of   the  stoma^rh  and  int«stiD«  u* 
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|liently  met  with.  Thy  pist-mortem  changes  Been  after  V"^^*"*"g 
jaricus  mu.wtnus  :ire  closely  alUe<l  to  those  iownd  in  phosphorus 
poisoning,  jis  shewn  hy  marked  fatty  change  in  the  liver,  haut,  and 
JCt<Jney.  Konl  shewed  that  simihir  changes  followe<l  the  injection  oxperi- 
inctitAlly  of  amanito-toxin.  So  close  is  the  resemblance  to  phosphorus 
|ioisoning  rhat  confusion  is  very  possible. 

Symptoms. — The  manifestations  of  food  poiponin^  naturally  depend 
upon  the  nature  of  the  bacillus  or  toxic  agent  ingested;  disturbance  of 
the  alimentary  tract  is  most  frequently  observed, 

Tfif  }Kiiotl  of  inntimtion  varies  considerably  in  different  epidemics  of 
food  p(^soning.  In  the  present  state  of  knowlnlge  of  the  various 
rpiilemics  it  is  im{>o«8ible  to  define  sharply  the  lengtii  of  the  incubation 
following  the  ingestion  of  various  organisms.  All  that  can  be  feaid  is 
thnt  in  the  different  epidemics  the  period  has  varied  from  one  or  two 
to  eighteen  or  thirty  hours,  and  even  longer.  When  sympt^^ms  arise 
immediately  after  the  ingestion  of  the  food  the  probabilities  are  that  the 
toxin  hjis  been  prcfonned  in  the  food,  for  example,  in  authentic  cases  of 
meut  |Kiifioiiing  (hie  to  the  Badllm  enlei-HuIis.  in  )H>tuIism  the  onset  of 
symptoms  is  pi-eceded  by  a  somewhat  long  inter\nl,  viz,  twenty-four 
to  thirty -six  hours. 

■■  Tfif-  Symjitirms  of  Finnf  J'ohfmintf  htj  Orijfiniitnis  Moiujiiuj  in  thr,  Gnntp  (f 
^mHlliig  Enleritidis. — After  a  varying  iticiibationperiod  symptoms  arise 
which  recall  the  well-known  features  of  cholera  nostras,  cholerine, 
infective  diarrho-si,  of  catarrhal  gastro-enteritiB,  and  in  some  cases  of 
typhoid  fever.  The  onset  of  Hvmptoms  is  fpjite  sudden ;  vomiting  may 
occur,  giddiness.  diarrhiuMi  uccompanicd  liy  the  fwissago  of  yellow  or 
blood-stained  ofl'ensive  motions  and  great  thirst  Sometimes  the  onset 
is  shewn  by  a  rigor,  faintness,  muscular  weakness,  and  colicky  pains.  Ttio 
tcmperjiture  may  be  raised  and  the  pulse  frequent  and  of  low  tension. 
Muscular  twitching  and  dilatation  of  pu|)ils,  disturbance  of  vision 
and  drowsiness  may  \ye  present  and  give  the  ciise  the  aspect  of  the 
so-called  '*  typhoid  "  state.  Albuminuria  and  suppression  of  xirine  occur, 
AS  well  as  roseohir,  erythematoas,  herpetic,  or  urticnrial  skin  eruiitioua. 
Couvalescence  njay  bo  tedious,  and  delayed  by  relapses.  In  some  cases 
scurvy  is  simulated,  and  widespread  petechiae  oocur.  The  various  skin 
eruptions  may  bo  followed  by  extensive  dosquitmation,  most  severe 
on  the  p;dras  and  soles.  As  already  suitetl,  jtueumotiia  may  follow  the 
consumption  of  meat  infected  with  these  organisms. 

Svnipf<»/is  rtW.vi/*/;  from  /Vx's^Hf/'f/  htf  Puhrftrtirr  (hrfanifnia, — Although 
decomposed  mwit,  such  as  gjime  and  venison,  may  be  eaten  with  impunity 
in  moderate  amounts,  consumption  of  an  excessive  amount  of  such  fuo*l 
is  occasionally  followed  by  vomiting,  diarrhwa,  colic,  fever,  general 
weakness,  .'uid  cutaneous  eruptions.  These  lymptoms,  however,  are 
not  so  marked  as  in  poisoning  by  members  of  the  Jinrilhis  minituiis 
group. 

The  symptoms  set  up  by  changes  in  food  duo  to  the  action 
of  the  BacUius  protem  may  appear  twetVe  hours  after  the  ingestion  of 
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the  food,  t  tSchtmtbui'g  de^icnbcd  on  epidemic  of  poisoning  hj  the  ^»Ui 
pi'otfna  affeotin;:;  ihi'rLy-four  people  out  of  a  total  of  one  hundred  vinT 
had  pai'Uikcn  of  infected  beef  sausages.  The  muin  fivtnptonu  vet^ 
naiitioa.  profuse  diarrhfoa,  and  ilTOwaineas.  There  were  no  other  «]ni)[iU4u 
apeciidly  referal>le  to  disturbance  of  the  nervous  fiystem. 

Spnptirms  of  jHtisoniug  by  Via  tojin  of  UnrtUuA  U>tvUnu.i  inajr  lie 
cbamcteristic  as  to  make  a  clinical  diagnosis  coraimnitively  sim] 
this  does  not  alwiiys  hold  gotxl,  for  on  some  occasions  the  syni] 
accompanied  l>y  tho.se  of  gastro-entetilis,  sr)  that  6orao  i^ther  form  ol  iB«rt 
infection  or  other  disease  may  ho  suspected.  Van  Ermcntjeni  8tat*»  thr. 
the  symptoms  of  true  botulism,  that  is  to  say,  those  resuhrnjj:  nuatntfrlj 
from  poisoning  by  saiisagcs,  but  by  any  fonu  of  food  infected  wriih 
Btuillits  hohdiiniSf  are  easily  recognise<).  Diarrbivsi  and  vomiting 
itsually  absent,  or  are  otily  sli^dit  ami  tranBitor,>,  while  obflUDAt« 
stipation  and  retention  of  urine  are  ]]randMent  featuras.  UsuaUjt 
is  no  fever  and  no  disturbance  of  consciousness.  The  charactoricty 
are  referable  to  disturltanceci  of  the  central  nervous  system  tuiA 
various  secretory  glands,  the  former  shew-n  l»y  jKirtial  jiarnlysis  of 
supplied  by  the  cmnial  nerves,  resulting  in  double  vittjon.  |>tijsi£, 
tion  of  the  pupils,  and  |Mu-alysis  of  accfinimodation,  the  biier  by  drynt 
and  redness  of  the  mouth  and  phai'ynx  :  aphonia  and  dv 
charactenstic  features.  Death  results  from  involvement  ■ 
centres. 

The  siptiptmtts  of  pnisonin^  hj  milk,  chrfsf,  and  other  of  its  dertra 
are  in  the  majority  of  cases  gastro  intestinal,  and  it  is  probable  that  in  iKa 
^  epidemics  iX'cun-ing  after  the  use  of  milk  and  milk  pro<lucts,  the  ouip* 
is,  as  already  explained,  some  organism  alli<Ml   to  the  group  of  K  f^f 
eotniiitiuis,  li.  fuirritidiitf  etc. 

In  i^mn  cases  the  nervous  symptoms  suggest  atropine  poiiORifl^— 
for  example,  dilatation  of  the  pupils.     Double  vision,  deliriiun.  nrid  lock 
also  occur,  .symptoms  which  were  ascribed  by  von  Anrep  and  other*  Ui 
eH*ect«  of  ptouiatropine,  an  alkaloidal    body  wliich   has  been   fcmnd 
many  other  foods,  such  as  meat   sausages  that  have  uiiderL-  : 
faction.     We  are  quite  ignorant  of  the  special  ni-gani»m  i- 
the  development  of  this   poi^^on,  but   it  \n  more   than  prol)able  tluit' 
true  bacterial  toxin  is  responsible  for  the  symptoms. 

The  incubation-period  of  the  symptoms  in  the  Lincoln  epidemic  of 
(>oisoning  (rvlf  p.  8G4)  amountefl  to  twenty-four  to  thirty-aix  hourt 
special  feature  was  intense  snre  throat  with greiit  o?dema  of  the  u\ida,andl 
formation  of  :i  psetido-menibraiie  on  the  tonsils.     There  wa8  confli 
elevation  of  temjH-'t^ilure,  but  the  pulse-rate  was  not  much  alter 
tongue  was  furred,  and  an  eniptiori  occiuTcd  in  21*  niseis,  twenty 
thirty -six  hoius  after  the  onset  of  other  symptoms.     Tlie  rnah  r« 
German  me^isles,  and  was  often  accomjwtnicd  by  much  itching.    It 
appeared  first  on  the  neck  and  cbest.bnt  occasionally  on  the  face;  desep 
tion  followed  the  disapjwarauco  of  the  ra*h.     Additional  featura 
considerable  tenderness  and  swelling  of  the  ccn'ical  glands,  stiffiieM  all 


muscles  uf  the  neck,  signs  of  gastric  disturlHUice,  and  pains  iu  the  joints. 
Keco%"ery  was  the  rule,  and  took  place  in  about  a  week. 

Professor  Kenwood  and  Dr.  Vincent  have  refcrrctl  to  a  similar  out- 
break of  illness  iiRecting  50(»  people,  upp;irently  due  to  milk.  Besides 
malaise,  they  also  noticed  very  marked  afl'ection  of  the  tonsils  and 
cervical  glands,  as  well  as  high  fever,  headache,  abdominal  pains, 
vomiting,  hanuorrhiigic  stools,  and  a  measly  rash.  The  Ixicterial 
investigntiou  of  the  suspected  milk  gave  negative  resnltfi.  The 
occuiTcnce  of  sore  throat,  rnshe.%  etc.,  luia  been  noted  by  other  observers 
amongst  the  inmates  of  poor-law  institutions,  and  the  symptoms  have 
bet:n  varioiisly  altribut^l  to  Imcterial  or  other  infection  of  milk,  or  to 
the  preiJence  of  preservatives.  Dr.  Monikton  Copeman  has  deseiibcd 
*'an  epidt^mio  skiti  disease"  with  a  death  rate  of  10  per  cent,  which  wns 
possibly  due  to  the  action  of  preseivatives ;  for  in  some  cases  observed, 
direct  bacterial  infection  could  be  excluded  because,  as  iu  the  Hendon 
eases,  the  amount  of  preservative  present  in  the  milk  wouUl  have 
prevented  the  growth  of  any  orgjjnisms.  The  presence  of  toxins  may, 
however,  explain  such  an  epidemic. 

StjmpUim^  of  Mvs$d  Poisoninij. — Vaughan  and  Novy  have  grouped  the 
symptoms  of  mussel  pf»isoning  under  three  heads.  In  tlie  first  group 
symptoms  indicate  simple  gastroenteritis.  In  the  second  gTX)ii])  these 
symptoms  are  exaggerated,  and  the  clinical  iiicture  is  that  of  cholera. 
In  the  third  group  the  symptoms  are  refemble  U*  the  ner^'ous  system, 
and  include  a  sensation  of  heat  and  itching,  dyspna>a.  liWdity  of  the  face, 
and  paralysis ;  coma  and  death  may  result.  On  other  occasions  such 
symptoms  a.s  nausea,  vomiting,  various  parjesthesijis,  muscular  feebleness, 
mippression  of  urine,  dilatcfl  and  insensitive  jiupils,  have  been  ohservcd. 
Fever  is  usually  al^sent.  The  symptoms  may  ap{)ear  so<)n  after  cjiting 
the  food,  or  be  delnyeil  scvei-al  huui>'.  lirieger  aUites  that  death  may 
follow  in  one  and  thrcC'<|uarter  hours ;  five  to  six  mussels  arc  sufficient  u> 
cause  poisoning  in  an  adult 

tSt/nt]iOms  of  Poismiing  htj  Fhh, — The  use  of  the  term  ichthyotoxismus 
is  futile,  as  the  symptoms  appear  to  he  dependent,  not  so  ranch  upon 
the  food  being  tish,  iia  ujion  the  organisms  which  infect  it.  As  may  he 
gathered,  the  symptoms  are  such  as  have  already  been  descrilKxl,  Jtccord- 
ing  as  the  infection  is  due  to  JJ.  hofuUntLi^  li.  piuUms^  etc.  Diffuse 
scarlatiniform  rashes  so  familiar  after  the  consumption  of  mackerel, 
shrimps,  oysters,  are  prohiMy  due  to  varioiia  Imcteria  anrl  their 
toxins. 

.Si»eciftl  reference  ma}-  be  made,  however,  to  poisoning  by  Hsh  which 
hiw  been  contaminated  witli  tlie  .seoretiun  of  various  poisonous  organs 
prei^ent  in  the  same  animal.  Fugin,  the  [wisonous  body  found  in  certain 
organs  of  the  tetrinlon  of  the  Japanese  and  Chinese  Seas,  produces 
disturbance  of  the  ner^'ons  and  digestive  systems,  such  as  headache,  rost- 
lessnes-i,  salivation,  vomiting  of  large  amounts  of  mncus  or  of  blood, 
paralysis,  cyanosis,  dilatation  of  the  pupils,  and  death  fmm  dysjino-a. 
So  potent  is  this  poison  that  it  has  been  ui>ed  as  u  means  of  committing 


ftiiicide.     The  gastric  form  of  fish  poisoning  knowtj  to  the  Gonimiu  « 
Carliertcholera  is  chai-acterised  by  frequent  loose  evaniationa. 

The  ydromijzon  jhitiaiilis  or  lamprey,  if  not  first  treat«l  liWnlly 
with  nail,  will  cause,  when  eaten  cither  rav  or  cooked,  looee  blood-tUimd 
evacuations. 

Potddo  tuiumtnij. — From  tho  nnct-rtainty  aa  to  the  agent  reiJl) 
concerned  in  potuto  poisoning  it  is  difficult  to  specify  the  syinptuBi 
that  may  l»e  considereJ  characteristic  of  the  nuUady,  Amon^  the 
symptoms  which  have  followed  after  the  consumption  of  potatoes  or  food 
contriining  ]>ouitoes  arc  rigors,  fever,  headache,  giihiinww,  aUJiimiiu! 
crjimps,  drowainess,  diarrhd^ji,  and  voniiiinf^ :  such  a  group  of  manifc«Utioar 
makes  it  very  probable  that  the  tnio  cause  is  infection  of  the  foi<t  bj  la 
organism  capable  of  producing  a  toxic  body,  though  il  is  concei\iihU  ilai 
Bulanin  may  pluy  a  part  as  well. 

TVi^  stimptomi  of  mu.*hri}out  jtouioninfj  have  already  been  rtsfermd  uk 
to  some  extent-,  in  the  description,  of  the  toxic  gubstiincea  sepeirati'd  (r«»iii 
vjirious  poisonous  niushrooras  (vvlr  p.  870).  Kol»ert,  atiopiin^  UiiM-fiumtit 
grouping  of  the  symptoms,  describes  different  forms  of  mushroum  poiwi 
ing  or  mycetismus.  1.  Litestinal  fomi.^AImost  nil  mu-^hiixtms  can,  in 
certain  circumstances,  give  rise  to  symptoms  of  gastro-enteritia.  and 
mushrooms,  snch  :is  fiuftstiln  emetirn^  are  constantly  liable  to  do  ki,  \ 
at  present  it  is  not  known  upon  what  substance  this  effect  dopendn.  Ii 
some  c;ises  the  enloritis  is  su  extreme  as  to  resemble  chnteru- 
'* choleraic"  form  of  poisoning.  The  intense  diarrhoea  in  such  cai 
accompanied  by  severe  abdominal  pains^  cramp  in  the  legs,  intense 
cold  clammy  sweats,  suppression  of  urine,  subnormal  temperattire,  d 
and  coma.  Usually  the  mild  forms  of  gastroenberitis  come  on  aI 
immediately  nftcr  the  ingestion  of  the  mushrooms,  but  the  chol 
may  only  supervene  after  the  lapse  of  several  hours,  Accoi 
Dr.  C.  B.  Plowright  the  -7//.  phnliouits  is  resjwnsible  for  mo#i  < 
cases  of  intestinal  mycetismus  \  and  was  so  for  the  four  castas  nhMn 
by  him.  The  Helvclla  is  also  a  frequent  autsc  of  this  form  of  |K>i»oni 
abroad.  2.  Tho  cerebral  or  nervous  form  is  especially  common  af 
the  ingestion  of  Ag.  mnacarxus  and  its  ally  .4g.  jxtnth^rinus,  and  dcpti 
in  some  cases  not  upon  muscarine  but  upon  the  action  of  fungu*  a1 
and  various  toxalbumins.  The  cfmunon  symptoms  arc  dilaUi 
the  pupil  and  an  nltornation  of  delirium  ami  depression  ;  nimcuhf 
cramps  have  also  been  observed.  As  already  observed  the  sytnp' 
following  tho  consumption  of  Ag.  muscanus  sometimes  mure  cl 
resemble  those  of  muscarine  poisoning,  as  shewn  by  contraction  <tf 
pupils,  salivation,  slow  pulse,  and  collapse.  3.  Hirmatojxeuout  K 
— Kobert  includes,  under  tins  form,  the  c(Te<t-s  which  be  origi 
described  as  due  to  the  action  of  phallin,  but  admits  that  the  cvidcM^ 
for  this  belief  U  based  more  on  experimented  than  uf)ou  clinical  cvidei 

Diagnosis. — When  symptoms  arise  in  a  number  of  people 
rliately  after  the  consumption  by  them  of  certain  fo^ils  which  are 
uisod  to   be   possible  causea  of   food   ]»oiiioning,  such  as  fiah, 


molluscs  or  tainted  food,  it  U  comparatively  simple  to  cottoect  the  illuess 
^th  the  proper  cause.  Niitui-aUy,  more  dillicutty  will  be  met  with 
irben  an  interval  cUipsos  between  the  taking  of  food  and  the  onsta  o( 
aymptonis.  Thero  may  be  still  greater  difficulty  when  the  symptoms 
jiroilucetl  are  refenible  to  disturbjitiucs  of  the  central  nervous  system,  a 
po!K>ibility  which  is  less  thoroughly  apprehended.  It  is  obvious  ihai 
■when  symptoms  follow  the  ingestion  of  food  which  ia  generally  con- 
sidered quite  harmless,  and  which  when  eaten  is  free  from  oH'ensive 
odour,  and  to  all  appearance  ({uite  wholesome,  the  difiiculties  are  exceed- 
ingly gt-eat. 

Dr.  Durham  has  pointed  out  that  unexplained  epidemics  may  depend 
U{)on  contamination  of  food  by  the  organisms  of  meat  poisoning,  and 
tbut  in  such  cases  the  senim  reaction  may  establish  a  correct  diagnosis, 
even  though  the  8uu[>ecle<l  food  be  no  longer  obtJiinaI)le.  Among  mejkta, 
tliose  rich  in  gelatinous  material  are  especially  prone  to  do  hani).  The 
addition  of  gravy-stock  to  food  which  in  other  cases  has  pi'oved  to  be 
quite  harmless  may  ;u:c<>unt  for  symptoms  of  food  poisoning,  for  gi'avy- 
fitock   forms  an   admirable   mcdiimi    for    the    development  of   liactcrial 


Botulism  and  mussel  poisoning  attack  the  central  nervous  system, 
hut  the  onset  of  the  symptoms  in  the  two  cases  is  quite  different.  In 
mussel  poisoning,  acconling  to  Ostertag,  symptoms  may  develop  within 
less  time  than  the  limit  given  by  Brieger,  in  less  than  even  a  quarter 
to  half  an  hour  after  eating  the  food,  and  death  may  ensue  within  a  few 
hours.  The  graver  symptoms  are  not,  as  in  the  botulism,  ushered  ia 
by  long  intervals  of  ocular  disturbance. 

Since  cases  of  combined  attxipiue  and  curari  poisoning  are  extremely 
rare,  it  is  unnecessary  to  do  more  than  point  out  the  aimilarity  between 
botulism  and  thi)«  form  of  poisoning. 

Mciit  poisoning  m^iy  occur  not  only  in  extensive  epidemics  but 
may  be  confined  to  one  or  twu  individuals,  and  in  this  event  the 
diagnosis  is  difficult.  But  as  the  outcome  of  Dr.  Durham's  resejirches 
this  difliculty  has  been  larf^ely  overcome,  for,  as  already  mentioned,  the 
agglotination  reaction  of  the  blood  of  individuals  suffering  from  meat 
poisoning  miikes  it  possible  to  obtain  a  certain  diagnosis.  By  this  means 
the  varieties  of  me;it  poisfuiing  can  bu  discriminated.  Dr.  Durham's 
resnlts  have  been  confirmed  by  de  XnheU'.  (*J1). 

It  is  hanlly  necessary  in  this  article  to  discuss  the  numerous  problems 
and  diiiiculties  involved  in  these  agglutination  tests,  nor  to  enter  into  the 
refinements  by  which  the  groups  of  organisms  knowTi  collectively  :is  the 
Bacillua  eHieritidia  proup  may  be  differentiated.  It  may  be  tiaid,  how- 
ever, that  these  differentiations  are  rendered  possible  by  the  use  of 
tlilutions  of  various  strengths  and  by  the  employment  of  experimental 
«erunis. 

Wk   h  is  well  known  that  human  typhoid  serum  will  cause  agglutination 

^t  only  of  the  typhoid  organism  but  also  of  the  B<icillus  enkrituiis  and 

its  allies;   but  the  degree  of  dilution  necessary  for  the  agglutination 
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of  the  latter  organism  is  much  lower  than  for  the  H.  <y^j«m.  ln< 
same  way,  an  individual  infected  by  any  of  the  varieties  <if  liit  E. 
entr/'itidh  «8  the  result  of  meat  poisoning,  will  ugu.-illy  provide  a 
which  will  agglutinate  the  B.  niferUiiiUi  in  higher  dilutions  than  iroubl 
the  case  for  the  B.  tifphosu.^.  Thus,  Dr.  I)urham  was  able  to  shew  tb&t 
partietiltir  vuriety  of  meat-poisoning  urg-aiusm,  isolated  from  the  lirtrrcfl 
{Mitient  in  the  Hatton  epidemic,  was  agglutinated  bv  the  avnim  d 
survivors  in  dilutions  of  1  in  100  to  1  in  1 000,  whereas  the  trpfc 
(wicillus  was  agglutinated  by  the  scrum  of  ri  of  these  18  subjocts  wilii 
dilutio[t  of  1  in  lOO;  miirkiHl  agglutination  with  H.  ttrjihomu  wmm  g^\ 
hy  the  serum  of  idl  the  cases  when  the  dilution  was  1  in  30. 

The  task  of  diagnctsing  cases  of  meat  [toi^ornng  would  thus  appwr] 
l>e  eompar.itively  simple.  For  instance,  ihu  pjitient's  sernm  wodid 
tested  against  the  typhftid  IkicIUus.  and  :i  diugnusis  of  this  iiifectira 
Avould  bo  excluded  when  the  dihition  necessary  for  aggtuiinalion  «** 
low ;  then  the  s<'rum  wotdd  \te  tested  against  various  members  of  the 
fntn-itiilis  group,  and  if  the  degree  of  dilution  at  which  nggltitii 
occurred  was  very  high,  the  du&gnosis  of  infection  by  this  orpsi 
might  be  cimfidently  made.  Unfortunately,  there  are  cert:tiri  dithiiikiif' 
in  the  way.  In  the  fii'st  place  the  number  of  organi&ms  which  Moog 
to  the  group  of  />.  cnterili4iis  is  large.  It  is  known^  howe^e^.  tbt 
th&se  organisms  fall  into  one  or  other  of  two  groups  possessing  tli*^ 
tinetive  agglutination  relictions,  so  that  this  diflicidty  is  not  s  mr 
great  one.  Thi!se  two  groups  ;ire  separated  the  one  from  the  nckcr 
purely  by  their  agglutination  reactions,  and  the  second  grnup  inclwin 
besides  the  various  strains  sepanited  Viy  Dr.  iJitrhnm,  the  barilla-*  o(  Ik 
cholera  and  other  organisms,  acjxir.ited  by  van  HrnifUgem,  He  Not 
and  others.  Trautmann  has  grouped  together  a  niunber  of  ot 
organisms  which  are  morphologically  similar  to  B.  entcritidU  and  vi 
yet  diHer  in  agghitiiuiting  power.  Uis  five  groups  include,  liesidf 
nicat-iMiisoning  orgiinisraSf  tho  two  types  of  the  ]»u*atyphoid  ImciUiM. 
fiarHliif  niorhijicufut  Unns  of  BusciiAU  and  others.  The  task  of  <liff« 
tiating  diseases  dejwnding  on  these  similar  organisms  by  meoui 
ditVt'rent  serum  reactions  may  well  cause  di.simLy,  but  when  it  is  mot 
berod  that  all  conform  to  one  or  other  of  a  few  common  types  of  mt 
reaction,  the  tiisk  apj^ears  much  simpler. 

Tho  second  diHiculty  refencMl  tn  alrovo  is  that  the  serum  of  pal 
suffering  from  typhoid  fever  may  react  in  as  higb  (even  higher)  diluiMQi 
tho  Ji.  eiitriitidis  as  upon  tlu;  H.  h/}tfukiu.*.     The  rcsBarchcs  of  I.>r.  l^l 
find  do  NoVielc  have  shewn,  however,  that  these  dilBculties  are  ovrrii 
by  an  append  t^  the  use  of  ex]>erimental  serums.     I'hus.  if  an  aniinAl 
highly  immunised  with  the  B.  tyjilupiu.%  its  aerum  will   react   in 
higher  <lilution  (1  in  30,000)  on  the  B.  Ippktmtit  tban  upon  the 
members  of  tho  group  of  B.  fr'/m/«/i>(l  in  2000^    The  same  nieikiK 
he  itsed  to  differentiate  between  the  hog-cholera  or  Aertrvk. 
meat-i>oisonins    organisms,    and    the    other    group    of    mc. 
organisms  which   possess   an   agglutinative   reaction  like   thai  of   lii* 
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Micilliis  discovered  by  (liirtncr  in  the  epidemic  ;it  Frankenhaiisen.  It  is 
lUo  possible  by  this  nieiiiis  to  sejMirate  Uie  U.  toH  coinmunia  from  the 
n<^at-poisoning  orgjinisnis. 

Not  only  is  the  methoti  eliiboiatcMl  hy  ])r.  Piirhani  of  great  value 
(1  distingtiishiiig  the  varioiis  iorma  of  meal-ixiieuMinj;  organirtnis  the  one 
rom  the  other,  and  in  ditl'ercntialing  thorn  from  infections  V>y  other 
irganisros  morpbologiwlly  similar  though  widely  different  in  their  jiatho- 
Seoctic  effects,  but,  as  will  be  seen  under  the  heading  PrnphylaxiR,  it  can 
>e  employed  to  diagnose  these  infections  in  animals  before  they  are 
ilaughtered,  and  even  lo  detect  the  infection  in  mcjit  exjifwed  for  sale. 

i)r.  Sidney  Martin  (46)  ha^  studied  the  agglutinative  |xtwer  of  the 
U.  jiTotfus,  and  finds  that,  like  the  toxins  of  K  coU  communiif  atid  of  Ji. 
*yfth(i$uft  the  proteus  toxin  leads  to  the  development  of  an  agglutinin 
lAiHy  rapidly  and  in  comparatively  large  quantiliea.  Further  study  is 
required  on  the  specificity  of  the  agglutinating  reaction  of  the  proteus 
t<jxin  before  it  is  ix>4>;i1)le  by  this  means  U)  set  at  rest  the  vexed  <|uestion 
whether  the  /Vo/ciis  iuitjaris  is  merely  a  harudc&s  putrefactive  organism 
3r  one  which  is  seriously  concerned  in  the  stibjcct  of  mcjit  jxiisoning. 
Dr,  Klein  (.^5)  ha^i  shewn  that  the  serum  of  animals  and  of  human  lieings 
ftfTccteil  with  the  It,  cnlrriiitlia  ajtoriKjenrs  does  not  develop  any  agglutin 
atavc  property,  which  thus  makes  it  impossible  to  diagnose  such  infection 
by  Berum  tests. 

The  diagnosis  of  mufthroom  jmsotnng  may  be  very  difficult  if  the  symp- 
toms have  followed  uiK)n  the  use  of  the  liquid  pj»rt  of  mushroom  food  : 
and  when  the  symptoms  occur  several  hours  or  even  days  after  the  eating 
of  musbi*oora8,  the  association  of  the  cause  and  effect  may  be  ovcr]ooke<l. 
Fort^mately,  in  many  eases  fragments  of  mushroom  are  discovenible  in 
the  vomit  and  dejeett'i  ;  in  RUtii>Pcted  cases,  examination  siiould  Ik*  made 
of  the  gastric  and  intestinal  contents  for  remnants  of  the  fungus. 

The  Prognosis  in  the  various  forms  of  food  poisoning  depi.-nds  on  the 
nature  of  the  poisons  present  in  the  food.  The  mortalit}'  in  epidemics 
of  food  poisoning  <hie  to  the  /».  nitaitiilh  group  varies  considcnddy 
between  1  in  5  to  I  in  200.  In  mussel  poisoning  Uie  mortality  is 
higher ;  2  out  of  30  persons  affected  dying  in  one  epidemic  and  as  many 
as  I  in  3  in  another.  Tlotulii*ni  has  a  hijih  mortality,  death  occurring  in 
25  to  .'JO  per  cent  of  the  cases.  Intoxication  by  the  pruducts  of  the  //. 
protfita  is  not  as  a  nde  followed  by  a  fatal  result.  It  is  not  rle?irable  to 
ijuote  the  figures  of  the  mortality  following  the  ingestion  of  such 
ptomaines  .is  mytiloloxinc,  lyrotoxicon,  ptomatropine,  et^\,  until  these 
subjects  have  l>een  revised  in  accordance  with  the  great  change  which 
has  laketi  place  in  the  conception  of  food  jioisoning  during  recent  years. 
In  mushroom  poisoning  prognosis  is  difficult,  as  it  depends  not  only  upon 
the  iKissible  idiosyncra.sy  of  the  i>atient,  but  npon  the  amount  nf  mush- 
room eaten,  the  completeness  or  incompleteness  of  its  mastication,  and 
the  amount  of  toxic  principles  present  in  the  food.  The  cases  in  which 
vomiting  and  diarrhoea  follow  (piickly  after  eating  the  mushrooms  arc 
naturally  more  favoui-abk*  than  those  in  which  the  symptoms  come  on 


some  Lousidcr.ilile  time  latei-.  Vet  otber  s3mptoms  may  develops vttn 
when  vomiting  and  dianlnea  have  been  well  miLrked  *nd  prompt,  id 
they  may  supervene  several  liours  later. 

Treatment. — pROPHvraxis. — Oiir  uAtional  habit  of  cooking  aD  bM 
much  more  thoroughly  than  in  certain  continental  countrioi  ojifortmiitldy 
does  not  obviate  all  risk  uf  nieiit  und  tieih  poisonin<^.  Since  the  cs^ 
toxin-**  of  the  B,  rutrriti'Iifi  are  not  destri»ye<i  even  Uy  boiling  At! 
for  thirty  minutes,  cooking  sufficient  to  kill  the  orgMitsm  stdl  luai 
endotoxins  intact  in  the  meat  derived  from  uniiniiU  infected  by  iHi 
group  of  organisms.  Infection  of  animals  by  these  orgauismi  nuybi 
suspected  when  they  are  suffering  from  onieritis,  and,  by  means  ol  tht 
serum  reaction,  freedom  From  infection  by  the  nieat-[»oi>  >  ^  _  a;.r. 

can  iic  aiiccrtiiinc<l  during  the  life  of  the  animal     The  .._  ;i 

also  prondes  a  means  of  deciding  whether  meat  winth    \         i"   ■-! 
s;de  is  free  from  infection  witli  the  meat-iMiftoning  »>rgaii:-rii-   :<  i  n^,  ^^ 
to  tho  group  of  B.  enterititiis.     One  method  adopted  is  to  make  a  culun 
from  tho  depths  of  tho  moat  tiiider  examination  ;  the  cultivation  tuUb 
exposed  from  eight  to  twelve  hours,  to  a  teinfM'ratuixi  of  2'^^  to  30'  C.  H 
bacterial   growth   occur  in   this   interval   the   meat   should   be   rejactal 
According  to  van  Ei-mengem  this  test  is   reliable  eight  thiys  after  tiuf 
slaughter  of  the  animal,  and  even   though  the  meat  has  ali-eaily  shevn 
signs  of  put le faction.     A  moie  rapid  preliminary  teat,  introduced  br  tli- 
Nobelo,  depends  upon  tho  fact  that  the  muscle-juice  obtained  from  tW 
flesh  of  animals  infecte*!  with  any  member  of  the  B*irilh.-      '     '  ' 
is  capa))le  of  agglutinating  one  or  other  of  the  two  41  ' 
meat- poisoning  txtcillus  to  which   reference  hiis  filreiuiy  Wen  nude 
dilutions  of  1  in  10  or  1  in  20  being  used.     The  miL^clu-jiiiro  of  hull 
animalfi  oven   in  such   low  dilutions  as    1    in    1    will   £^il    to  give  anj 
agglutination.     The  result  nuiy  be  worked  out  in  about  two  houn;. 
negative,  the  slower  method,  described  a)>ove,  may  be  carried  out  as 

The  essential  pro]»hyl:ictic  measures  against  food  poisoi 
simple  putrefactive  organisms  arc  to  prevent  the  occurrence  of  i : 
by  storage  of  food  in  suitJible  pUices,  such  as  ice-chjimbcm  ;  and  to  cutidc 
all  food  which  docs  not  apixvu*  wholesome,  or  has  any  (kIout  of  put 
faction.  Tho  B.  Itotulinag  causes  but  slight  odour,  or  none  at  all, 
that  food  infecterl  by  it  does  not  arouse  any  suspicion.  'I1ie  symi 
of  botulism  are  apt  to  occur  in  discs  in  which  various  forms  of 
food  are  incompletely  cooked ;  for  instiuice,  the  outer  jKirts  of  ««i 
nuiy  z*oach  a  high  lem]>eniture  during  cooking,  whcrtyis  the  inlt-rior  iMji 
escape.  It  is  fortunate  that  a  tempeniture  of  80  C.  is  ade«{<iate  »*  * 
means  of  destroying  lioth  tho  B.  Uittdinus  and  its  toxin,  so  tliat  tboroii, 
cooking  would  thus  prevent  poisoning  by  these  agents.  Symptoms 
only  arisen  when  infected  meat,  ham,  presented  mcAt,  sausa^^va, 
fisb,  have  l>een  efiten  raw  or  incompletfly  cooked.  Frequently  such 
food  becomes  poisonoiu  after  being  kept  some  weeks  ;  in  such  cii 
stances  if  the  meat  be  covei*ed  with  gelatinous  materiid,  butter,  or  fat  w! 
serve  as  protectives,  every  opporLuuity  is  given  for  the  devolupmeat 


the  anaerobic  H.  botiitinu^,  Kuw  meat,  even  when  tiateii  just  after 
removal  from  a  aluughtercd  animitl,  never  causes  tho  symptoms  of 
botulUm.  Van  Ermeugem  roLommeiuis  that  all  mejit  having  even  merely 
a  ranciM  smell  should  be  excliulod  from  uhc.  Pickling  uf  meal  in  a  10 
per  cent  solution  of  salt  will  prevent  the  development  of  this  organism. 
It  is  ob\'ious  that  the  greatest  care  must  be  taken  in  the  sUjrage  of  all 
articles  of  food  which,  as  shewn  alvove,  are  eapuhle  of  providing  suitable 
media  for  the  growth  of  organisms.  In  all  cases  this  remiircment  may 
be  largely  met  by  ordinary  domestic  cleanliness. 

SbelKHsh,  such  as  mussels  and  oysters,  which  have  }ieen  stored  in 
;iratcrs  contaminated  by  sewage,  as  shewn  by  the  presence  of  the  li.  foli^ 
ifbould  be  ixnhesit'itingly  reiecte(].  It  will  be  remend)ered,  however,  that 
iufected  bivalves  when  placed  in  the  open  sea  may  be  rendered  quite 
initocuous.  Shell-fish  are  so  ufteii  eaten  raw  that  excessive  care  is  needed 
to  ensure  that  they  are  wholejiome.  The  knowledge  that  mytilotoxine  is 
destroycfl  by  boiling  with  [)otassium  carbonate  is  of  little  use  from  the 
pnu-tical  point  uf  vit-w.  It  is  known  that  simply  heating  mytilotoxine  to 
a  bemperutnrc  of  110    C.  does  not  destroy  its  poisonous  property. 

In  mushroom  pou<:oHiinj  prophylactic  measures  arc  all -important. 
Many  of  the  accident*  in  this  country  have  occurred  in  children  and  young 
people  who,  out  of  ignorance,  have  eaten  mushrt*ums  which  are  usually 
avoided  ;  for  the  same  r&ison  mushroom  poisoning  is  more  common 
in  country  districtjs  than  in  towns,  where  inspection  is  more  critical. 
It  is  a  well-reougnised  rule  that  mushrooms  should  be  cooked  )>efore 
being  eaten,  and  consumed  shortly  after  being  gathered  ;  and  that 
remnants  should  nut  be  served  up  again  at  a  subsequent  me<'il.  Mush- 
rooms shoulfl  Vie  well  masticatetl,  thereby  securing  more  prompt  rligestion, 
and  so  obviating  any  prolonged  stay  in  the  alimentary  canal  and  the 
possible  subsequent  formation  of  muscarine.  Mushrooms  which  have 
pulrefie<^|  wouUl  necessarily  l>e  rejected  as  articles  of  food,  and  mushrooms 
shewing  parasitic  invasion  by  other  fungi  should  he  discarded. 

Immehi.ATE  Tkkatmknt. — ^The  readiest  method  of  dealing  with  food 
poisoning  is  ob\  iou:»ly  to  empty  the  alimentJiry  tract.  When  aymptums 
arise  soon  after  ingestion,  and  if  vomiting  have  not  alrciid}'  occiured,  an 
emetic  should  be  given  at  once,  either  of  a  simple  form  such  as  sjilt 
and  water,  nnistard  and  water,  or  zinc  sulphate,  or  an  injection  of 
apomorphine  hydrochloride  (.^^fth  to  I'gth  grain,  or  5  to  10  minims  of 
the  injectio  apomorphina*  hypodermica)  guarded  Ity  a  suitable  dose  of 
•Irychnine ;  it  may  also  be  advisable  to  wash  out  the  stomach. 
AVhen  a  longer  interval  has  elapsed  since  the  suspected  fowl  was 
taken,  purgatives  should  be  given  in  addition — for  example,  an  ounce 
of  castor  oil  or  of  the  compound  mixture  of  castor  oil  with  5  lo 
10  minims  of  the  tincture  of  opium,  ur  3  to  5  grs.  of  calomel.  Diuretic 
mixttu-cs  may  help  in  eliminating  the  poison ;  in  the  event  of  very 
profuse  and  painful  diarrlui'a,  purgatives  should  be  withheld  and  seda- 
tive mixtures  of  bismuth  and  opium  given  instead,  or  small  doses  of 
calomel,  or  of  hydrargynun  cum  ereta,  may  be  given  at  frequent  inter>*al8 
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to  fisfiiat  in  checking  intestinal  decomposition,  without  prodacuii 
purgative  eft'ecus.  In  cuses  of  severe  collapse  (Uffiisi Me  fitimauAtoneh 
HA  ether  or  alcohol  may  be  used,  and  coflce  may  \tc  serviceable,  Ii 
of  QormAl  saline  solution  under  the  skin,  or  intravenously',  would  t«i 
further  hel]>.  The  dietary  should  be  of  the  siinpleist,  and  consist  U 
l>roihs,  and  jellies.  In  cases  of  collapse  and  coldness  of  the  extrvmit 
brisk  massage  and  the  use  of  warm  baths,  hot  bottles,  and  hot  bUnhrtT 
mny  aUi>  be  necessciry.  In  extreme  uasea  irf  choleraic  diarrhiM  a  bj 
dermic  injection  of  morphine  should  be  at  once  administered.  If 
respiratory  function  threatens  to  ceaae  us  in  poisoning  br  .-^rtiin 
(tetrodon),  artificial  respiration  may  bc^neceaaary. 

Pelzl  describes  three  cases  of  botulism  which  ended  in  iwovt-rj'. 
the  mu*icle9  of  the  t.esophagus  wore  i>aralysed.  it  was  Dcc«esary  to  feed 
jxitient  artificially  In'  means  of  an  <i!sophagoal  tuba.     Irrij^atioo  d 
bowel   was  al<io  carried  out,  and   pilocarpine   in  doses  of  ^  to  J 
was  »dmtuistored  by  thjB  mouth. 

i]fiL^irooiti  Pomniiiff. — In  the  a)>sence  of  any  raoLhods  by  vhicS) 
toxic  symptoms  may  \>c  attacked  directly,  immediate  treatment  ia  luuiilv 
symptomatic  and  of  the  same  character  as  that  already  deAchbed  i<f 
othei'  foims  of  food  (>oi;4onin^.  The  notion  that  muscarine  is  Urgi} 
responsible  for  the  symptoms  has  led  to  the  indiscriminate  um  «( 
atropine  in  nil  cases  of  mushroom  jfoisoning  ;  it  should  be  rwtfictid, 
however,  to  these  cases  in  which  the  symptoms  are  really  sug^ieom 
of  muscarine  poisoning,  and  as  already  shewn  this  is  by  no  mean) 
universal ;  in  other  forms  of  mushroom  poisoning  atropine  nay  W 
decidedly  harmful,  for  example  when  delirium  is  present.  In  tb< 
choleraic  form  the  use  of  morphine  may  l»e  strongly  indicated. 

Causal  Tiekatmknt. — As  might  be  expected,  the  disoovories  whki 
have  transferri^i  so  many  exjuiijties  of  food  |)oisoning  from  the  dotnJind 
the  chemist  to  that  of  the  bacteriologist  have  led  to  the  ho|w  of  a  terva 
treatment  for  sii<-h  cases.  So  far  little  htis  Ixjen  accomplished  in  iki* 
direction,  though  there  is  simie  (evidence  that  such  treatment  msybr 
possible  in  the  future. 

Dr.  Klein  (35)  was  able  to  show  that  the  injection  of  gniDaa-| 
with  non-lethiil  doses  of  //.  cnirrititiis  s}k>roprthfj(^  so  far  fr*jm  U 
to  the  development  of  inmiunity,  caused  them  to  be  more  siiscet 
to  the  organism.  Fischer,  working  on  the  organisms  of  the 
poisoning  group,  was  unable  to  rlemonstrate  in  nnimaU  subjocwi 
the  injection  of  large  amounts  of  cultures  of  those  organisms  any 
of  development  of  antitoxic  or  of  bact«ricidal  properties,  .'dth< 
serum  of  such  unimuls  shewed  a  high  degree  of  agglutinating 
Dr.  Durham^  how«ver,  found  protective  proportios  as  well  as 
nattng  ones,  in  the  serum  of  animals  injected  with  the  etraini  of 
meat -poisoning  organisms  conceniwl  in  the  Haiton  and  Chaddntoo 
outbreaks.  Kempnor  has  succeede«t  in  obtaining  an  antitoxic  eerm 
against  the  Bnrillus  httulinii,*  which  is  very  active  for  animnls.  He 
shewed  that  this  sei*um  is  capable  of  rendering  animals  imauae 


I  sut>aei|uent  iiioouUtion  or  feeding  with  the  B.  ImtuliHus^  and  that  the  serum 

I  is  not  only  preventive^  but  curative,  for  by  its  meana  toxic  symptoms 

I  experimentiiliy  produced  were  counteracted. 
■  "  H.  Batty  Shaw. 
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GEAIN    POISONING 

By  Prof.  T.  CtiyKOKU  Allhutt.  M.D.,  F.R.S.,  »ntJ  Prof.  W.  E.  Dunuc.  M.D. 

Karis  and  iiidt'tid  virttmlly  utiknown  as  ara  the  grain  intoxic;itioni  io 
own  L'ouiitiy,  wu  uii^hl  well  huve  Iwon  content  with  a  Iirief  referenato 
them.  But  the  luilhological  intorost  of  these  case.s  is  very  greait,  Koth 
frum  H  clinical  {x>i[it  of  view  and  frum  that  of  the  cxperimentJil  pfttboJopit. 
Thti  daumt^e  done  by  the  use  of  musty  grain  as  fooil  falls  u^nulhf 
nervous  system,  and,  above  all.  upon  the  medulla  and  spinal  cord ; 
over,  the  influence  of  this  part  of  the  central  nervous  system 
nutrition  is  in  no  diseoi^o  more  remarkable.  The  etfecU}  of  v; 
disorder  are  also  evident ;  and  this  is  due  to  stimulation  of  suiiie 
of  the  vasomotor  mechanism  aituatcd  probably  between  the  sjiiiul 
and  the  .sympathetic  nerve -terminations  in  the  btood-vc8Mls.  11* 
parallels  bctw^eon  the  etTect  of  the  grain  poisonings  ami  certain  (onwof 
.spinal  disease  more  common  in  this  country  are  also  very  in«tnirtii 
That  liaynaiuVs  dii^ease,  aorodynia,  an<l  erythrunielalgia  may  be 
tratod  by  the  events  of  gniin  poisoning  is  indicated  hereafter. 
are  three  well-known  modes  of  grain  poisoning;  Ergotism;  P< 
Lathyrism. 


Krcotism 

Synonyms. — Epidemic  Gangrene.     Germ.  Kriflelhaitkheit 

Although  this  work  is  not  concerned  with  the  historical  asperU  u( 
medicine,  yet  a  very  brief  account  of  the  story  of  ergotism  may  not 
out  of   place.     Pji8.sing   over  the  conjectural   matter — such   matter, 
example,  as  the  possible  reference  to  ergotism  in  soverul  places  in 
Old  TesUiment ;  or,  ng:iiii,  in  Hippocrates  and  the  vVmbians — wt*  comQj 
a   pestilence  which  wita  c:tlled  "ignis  sacer''  by   the  chroniclers  nf 
tenth  to  the  twelfth  centuries.     This  grievous  disease  ftt  a  later  date 
called  "St.  Anthony's  Fire";  but  under  this  name  certaiidy  mure 
one  disease  was  included,  especially  erysipelas ;  which,  indeed,  was 
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regaitled,  even  by  the  physicians,  as  but  one  of  the  forms  of  the 
Inease  wc  wow  know  to  h:tve  been  erj^otism.  Nonienolhture  was  Iim&e 
ftnoiigb  in  tho  twelfth  century.  That  St.  Anthony^s  fire  wai*  often 
Brgotism,  at  any  rate,  is  almost  proved  by  a  woodcut  reproduced  by  Dr. 
£kler»',  from  <icr«dortr,  in  which  the  saint  h  .i<]ore<l  by  a  man  who  h.is 
kwl  his  rijjht  foot ;  while  his  left  hand,  which  he.  raiaes  towards  the  sjiini, 
b  represented,  not  as  swollen,  distorted,  or  ulcerated,  but  us  burning  witlj 
\  living  llanic.  (JersdorfT  entitles  his  chapter  *'Von  clem  heynsen  Brand, 
Jen  man  ncnnet  sanet  Anthonina  fewr."  St.  Martial  wa-s  also  more 
!>r  less  ccmceriied  with  the  pestilence.  S^-philis  and  jnuigrenes,  ulcciT? 
Uid  vitherings,  were,  of  course,  confounded  with  ergotism  and  with  one 
Uiother. 

The  ipiis  sacer  of  Celsus  was  an  acute  eczema;  that  of  ^^i^■gil  and 
uolnmcUa,  probably  malignant  pustule  (anthi-ax).  Pliny,  being  a  closer 
observer,  describes  several  kinds  of  ignis  sacer.  Later  writers  took  the 
jaiue  varionnly  to  signify  malignant  pustule,  scarlatina,  scun'y  (Batemun), 
Uid  so  on.  Ehlci-s  says  that  to  Thnillier  belongs  the  honour  of  first 
letectiiig  the  part  played  by  ergot  in  the  tragedy. 

The  first  ejiidemic  which  can  with  some  certainty  be  ascribed  to  ergot 
a  recorded  in  tho  annals  of  the  convent  of  Xanlen  on  the  Tihine  (1). 
The  gangrene  of  ergot  was  not  always  dry  ;  it  is  here  stated  that 
'detestJthili  eos  pntredine  consnmjxsit,  it<i  ut  membra  rliHsoluta  ante 
aaortem  decidcrent."  A  hunrlred  yejirs  hiter  the  people  of  Paris  were 
Socking  into  the  chu)*chea  to  pray  for  cure  of  their  sufferings  from 
Sx^otism.  In  the  same  (tenth)  century  40,000  persons  are  said  to  have 
iied  of  the  "  feu  sacrt'*  '*  in  AquitAine,  Limousin,  and  neighbouring  parts. 
''The  cries  of  the  sufferers  were  piteous;  the  stench  of  their  Itmlwi  was 
intolerable ;  and  many  were  carried  otr  in  a  night."  The  only  pei-sons  to 
Bome  well  out.  of  the  atluir  were  the  clt'rg\',  who  received  rich  donations, 
rhe  bishops  of  Aquitiiine  carried  the  relics  of  St.  Afartial  in  procession  ; 
(rhen,  indeed,  a«  if  by  enchantment,  tho  plague  ceased.  Khiers  maliciously 
mggestfi  that  the  procession  took  pluce  in  the  late  spring,  at  which  season 
the  poison  becomes  attenuated.  The  scourge  was  moat  virulent  in  the 
ind  of  the  eleventh  and  early  twelfth  centuries,  at  the  time  of  the 
prusades.  Tlie  harvests  wen?  Iwwl  and  tho  bread  discoloured.  Dauphin6 
jj^  so  smitten  that  Pope  Urban  the  Second  founded  a  religions  order  at 
Rmine  devoted  to  St.  Anthony  ;  an  order  to  bring  help  to  the  afflicted. 
There  were  several  hffsj>itals  of  the  order  in  France.  That  at  Lyons,  as 
Babelais  tells  us.  hjwl  it*  doors  |>ainted  red,  emblematical  of  the  fire. 
5«nnany,  Flanders,  Bui-gundy,  Denmark,  and  other  countries  suffered 
heavily,  and  even  England.  Whole  districts  were  depopulated  as  if  by 
the  bubonic  plaj:ue.  The  English  epidemic  is  descrihed  as  "an  epidemic 
ffryBi]>elas  whereof  many  <lied  ;  the  pails  being  black  and  shrivelled  up." 

Hugh  of  Lincoln  is  said  by  his  chronicler  to  have  seen  many  who  had 
recovered  from  the  Kre,  at  Mont  St.  Antoine  in  Dauphin^.  Horribly 
crippled,  their  health  was  nevertheless  thoroughly  restored  ;  the  cripples 
Rcre  of  all  ages,  some  lacked  a  forearm,  others  a  leg,  or  even  leg  and 


thigh  up  to  the  groin :  all  these  stumps  wore  aotindlr  faealed.  To 
follow  this  woeful  atory  through  the  thirteenth,  fourteenth,  and  fiftwnti 
centuries  would  be  but  to  repeat  the  same  piteoufj  tale  of  poor  uid 
ignorant  people,  the  8|H)rt  of  a  malignant  fate  which  a  woni  tif  wniif 
would  have  averted  had  there  boon  any  to  utter  it.  The  result  wi* 
devastation,  physical,  moral,  and  civil  There  is  a  grim  htimour  in  tU 
story  tfiat  the  priests  and  sextons  often  suffered  much,  as  the  Mk  vvoVi 
pay  the  tithe  in  the  Hght<ist  grain. 

The  evil  was  most  destructive  in  bad  harvests  and  times  of  bmim, 
but  after  the  middle  of  the  thirteenth  ccntiu-y  we  hear  less  of  tbtt  SKnd 
fire,  although  it  lingered  long  in  the  current  speech.  Dr.  Ehlert  i^nua 
an  in8t;ince  from  Luther,  "  wie  die  irewen  erzl«  thun.  weiin  das  halij^ 
feir  in  die  bcin  komen  ist."  The  ]>laguc,  however,  if  leas  rimleotvu 
by  no  means  stayed,  as  we  shall  see  |>resontly :  and  the  modioine  bwb 
still  contjiined  elaborate  recipcH  for  its  cure.  In  the  Bight«enth  oeotar} 
there  was  an  epidemic  in  Denmark  (Holstcin)  and  also  in  Norway. 

Slowly  science  did  for  tliese  miserable  peoples  what  tht?  saint*  hiW 
to  do.  The  Abbi'^  Tessier  formed  a  good  judgment  of  the  conditioiu  likdr 
to  promote  an  outbreak  (he  speaks  of  Ln  Solognc) :  tbeso  are  thr**— 
(i.)  That  the  district  was  damp  and  foggy;  (ii.)  That  the  v^etaUr 
products  were  ill-thriven  and  stunted;  (iii.)  That  the  inhabitants  weit  in 
bad  health,  being  reduced  by  want  and  malaria. 

Thuillier  now  discovered  that  the  cause  of  the  plague  Uy  in  tU 
spurred  rye ;  that  the  intensity  of  the  mahwly  is  in  proi>ortion  to  ^ 
dose  of  this  {x>ison ;  and  that  the  rye  is  spurieil  in  damp  and  cold  si**m* 
Experiments  performed  on  animals  corroborated  and  clinched  the  otiif 
evidence.  Dodart,  in  the  year  167G,  was  commissioned  to  invettjpatstbf 
nature  of  the  disease ;  and  in  addition  to  previous  observations  he  ili^ 
covorod  that  tho  ergot  is  most  active  when  it  is  new,  and  loses  much  nf 
its  virulence  a«  it  grows  stale.  He  describes  the  symptoms  with  «oc»e 
care  and  accuracy  ;  to  these,  however,  we  shall  return  hereafter.  C  X 
Ltange  gave  an  a<lmirable  account  of  an  epidemic  of  ergotism  in  tW 
cantons  of  Berne,  Lucerne,  and  Zurich,  in  1709.  He  speaks  orf  ikf 
excruciating  pain  which  preceded  and  accompanied  the  gangrene; 
many  cases  and  epidemics  pain  was  absent,  but  it  was  usually  a  ter 
feiiture  of  the  mediicval  crgotic  plague.  Lange  also  traces  the 
ergot  in  a  very  careful  way.  This  epidemic  spread  in  Dauphin^ 
Langucdoc  ;  and  we  have  a  full  account  of  it  in  the  archives  <il 
Ablmye  St.  Anloino  at  Viennc.  The  ruthless  persistence  of  the  null 
is  again  noted,  the  victims  often  1>cing  in  torture  for  six  months  nr 
before  tho  release  of  death.  The  physician  of  the  aWwy  also  not* 
devouring  fire  which  bui>ns  the  affected  parts,  cold  as  they  appear, 
intolerable  pains.  lie  doftci*il»efl  the  gangrene  as  of  the  bUek  and 
variety  ;  but  another  doctor  of  the  abbey  saw  many  cjues  in  which 
gangrene  wa.s  not  altogether  tlry,  but  suppurating,  stank  hoi 
was  fille<i  with  worms.  Four  hundred  parishes  in  this  part 
were  attacked — men,  women,  and  children  indiscriminately. 
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In  1746-47  there  was  a  teiriblo  outbi'eak  in  Sweden,  Russia,  Sologne 
pun,  lea  IjitideK,  Artois,  Flanders,  and  other  places.  In  this  epidemic 
un  was  mt>&t  violent ;  so  Lhul  tho  fire  in  the  linibfl  drove  the  vielims 
ther  and  thither — some  in  their  agony  hurling  themselves  against  the 
alls  or  even  into  the  water.  Those  grievously  attacked  generally  died  ; 
io«e  who  survived  became  blind,  dumb,  or  denuMiLcd.  Saleme  exjieri- 
ented  with  the  poison  on  pigs,  ducks,  and  fowls  ;  and  the  animals  died 
'  gangrene.  Ue  coiroborateil  the  statement  that  the  fresh  ergot  was 
le  meet  virulent,  and  that  after  some  months  it  sweated  and  lost  its 
>iiM>nou8  properties.  About  this  time  Linmeus  led  observers  into  error 
y  alleging  that  the  malady  was  due  to  the  mdish  (raphaiius) ;  anfl  thus 
U  authority  led  to  the  name  of  raphania  for  ergotisnt.  It  does  not 
[ipear  that  Linmeus  had  ever  visited  the  ravaged  districts;  and  it  has 
nee  been  shewn  that  the  raphatais  is  never  pi>isonou8.  Later  in  tho 
ightcenth  century  there  were  many  severe  outbreaks  in  many  parts  of 
iuropo  ;  one  of  them  (small  in  e.xtent)  in  Suffolk.  An  observer  in 
no  afllietcd  distnct  found  an  average  of  twenty  spurred  gniins  in 
ach  handful.  Wagner  rejwrted  one-fifth  of  a  bulk  of  rye  to  be  spurred  ; 
nd  Bryce  says  that  10  per  cent  of  the  meal  might  consiKt  of  ergot. 

Eigoiism  has  by  no  means  ceased  in  Europe:  it  is,  however,  altuosi 
onfinod  to  the  Uussian  Empire,  in  many  parts  of  which  it  Btems  to  bo 
uU  endemic.  Speaking  generally,  a  better  knowledge  of  the  causes  of 
be  disease  and  of  its  treaiment  has  li^htenetl  the  weight  of  iht;  plague. 
till  many  and  grave  cases  are  seen  ;  and  during  the  last  century  miiny 
pidemics  in  many  fuirts  of  Euro)}©  have  l>een  described.  The  year  1*^45 
^nis  to  have  been  ycry  fertile  in  ergotism:  in  ISf^l  there  was  a  great 
utbreak  in  Ekaterinoslav ;  and  iu  ltJ83  a  like  outbreak  occurred  in 
'omak — out  of  300  patients  30  died. 

The  conviilaant  form  of  ergotifsm,  which  does  not  produce  such  highly 
haracterietic  effects  as  tho  gangrenou.s,  has  not  received  the  same 
istorical  recognition  as  the  latter.  Our  first  account  dales  from  the 
ixteenth  century  ;  and  it  is  particularly  noteworthy  that  tho  dcst'ription» 
I  epidemics  of  convidsant  ergotism  come  from  cotintries  which  have 
een  less  freipiently  the  seat  of  the  gangrenous  form,  and  not  from 
'ranee,  where  the  latter  form  of  the  disease  has  been  most  prevalent 
'om  the  earliest  to  modem  times.  The  gangrenous  and  the  convulsant 
jrms  have  always  hiul  almost  entirely  distinct  are:is  of  distribution,  each 
iseaso  appearing  time  after  tinift  in  its  own  tflrrilory  i\&  a  widcsprcid 
pidemic.  In  only  a  few  epidemics  have  both  forms  lieen  obeervcd 
)gether. 

To  avoid  detaining  the  reader  by  a  description  of  the  most  recent 
nd  therefore  most  scientifically  described  epidemics,  we  content  our- 
alves  by  giving,  in  the  list  of  references,  the  titles  of  the  most  important 
f  the  reports  and  studies  of  recent  years. 

Causation. — Ergotism  is  due  to  one  or  more  poisons  which,  under 
ertain  conditions,  are  elaborated  by  the  fungus  Clavicepa  pui*piirea ; 
emoter  causes  are  starvation,  misery,  and  ill-health.     Epidemics  thrive 
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only  under  conditions  which  are  favourable  to  the  growth 
paraflite  ;  that  is,  after  a  «lamp  aejuson,  and  piirlicularly  in  ywrn  wtes 
ii  hot  and  dry  summer  has  followed  a  very  rainy  spring,  especially  wbto 
the  grain  has  been  grown  in  marehy  districts  and  iu  the  shadft.  Kn^< 
atfoi-ds  one  of  the  most  noteworthy  examples  of  a  plant  which  clabonw 
riifl'erent  substances  according  to  the  climatic  and  other  cfindiliom  iindfT 
which  it  in  grown.  PajMiver  Romniferuni  jn-own  in  Turkey  jn'oW?  la 
opium  very  rich  in  morphirie,  but  in  the  British  Isles  the  same  pUi;t  \^^ 
duces  an  opium  cuntiiining  a  mere  trace  of  the  alkaluid.  And  so  it  is  with 
ergot;  unless  the  ergot  is  grown  under  certain  conditiouft,  and  then 
have  not  yet  been  precisely  laid  down,  it  elaborates  little  or  none  of  t^ 
active  principles  bo  which  its  medicinal  virtues  and  poisonous  pmpertiw 
are  due.  The  cause  of  the  inactinty  of  so  much  of  the  modern  erpit  li 
no  doubt  to  be  found  in  the  improved  conditions  under  which  rye  and 
other  cereals  are  www  grown.  Grain  is  now  brought  into  tjirupe  fruni 
Amenca,  India,  and  other  parts,  competition  is  more  acuti\  and  W  ti« 
plants  arc  sown  in  Europe  only  upon  suitable  ground^  which  in  moit 
cases  is  properly  prepared  and  drained.  These  conditions  are  not  tar 
favourable  for  a  free  growth  of  er^nt^  and  the  fungus  is  apt  tu  1**4!  it* 
power  of  pruducing  the  poisonous  constituent**  of  the  )»lant.  These  cnn- 
sidemtions  indicate  the  reason  for  the  decline  of  epidemic  ergotism ;  rrc 
which  is  the  commonest  cereal  attacked  by  ergot,  is  eaten  by  man  I« 
thati  formerly  ;  ergot  is  less  prevalent,  and  what  there  is  tonda  to  he  leu 
active. 

That  our  knowledge  of  the  composition  of  ergot  is  in  a  very 
satisfactorj'  condition  is  principally  due  to  the  instability  of  its 
principles.  The  active  bodies  so  far  sepiiratcd  do  not  crystalliM, 
ha^e  no  chanicteristic  chemical  reactions ;  it  is  probable  that  1 
have  not  been  isolated  in  a  pure  condition.  The  most  reliable  work 
been  done  by  Kobert  and  Jacoby  ;  as  a  result  of  their  re-searches  thrw 
groups  of  bodies  have  >>een  isolatiKl.  Fii'st,  ergotinic  acid,  a  nitrogeooul 
glucoside  with  the  properties  of  the  Siijtotoxins,  is  a  gastru-inieBliul 
irritant^  but  is  nut  ab8orl)ed  when  tjiken  by  the  mnuth,  so  that  beyond 
causing  some  vomiting  and  iljarrhu^a  it  is  not  likely  to  lojui  to  evil«fiifcU 
A  second  siibstance,  cornutinc,  which  is  probably  a  mixture  of  seveiil 
alkaloids,  has  an  action  resembling  that  of  picrotoxin,  and  produoM 
effects  by  excitation  of  the  central  nervous  system,  more  es}Kxially 
medulhu  In  poisonous  doses  cornutine  ]iro<luce8  clonic  convnlsifin^. 
third  has  l>cen  termed  by  Kobeil  epliact'linic  acid ;  according  i<i  Jacob; 
is  a  mixture;  he  has  isolated  a  nitrogen  free  resin  sphacolotoxiu  which 
regards  as  the  active  principle  or  the  gangreno-priKlucing  suh 
This  body  does  not  exist  free  in  the  cmde  ergtit,  but  is  combincti  will 
ergt>chr\'8in  as  cbrysotoxin,  or  with  an  alkaloid  secalinc  as  scralintxt 
Sphacelotoxin  increiisea  the  tonus  and  [wristaltic  movements  of  mtwt 
plain  muscle  throughout  the  Itod} ,  especially  of  the  vcsscla,  which 
ao  intensely  constricted  that  stasis  may  occur  in  cortAin  of  the  poriphcnl 
partA  of  the  circulation.     The  vaso-constrietion   is  ASsociHtod  with  the 
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louring  otit  of  a  hyuHiie  substance  that  more  or  less  completely  blocks 
he  smaller  vessels,  »n*l  results  in  perijiheral  gangrene;  the  walls  of  tbe 
■rger  arteries  become  thickeneil,  and  their  hiineii  ib  iliniiniuhcd.  The 
ction  of  Rphacelotoxin  is  certainly  not  peripherjil,  for  we  havo  frpipu^ntly 
hown  that  perfusion  of  the  dn;g  through  isolated  vessels  never  leads  to 
limintition  of  their  caliiire :  acconling  to  Dr.  Dale  it  coiTespondB  with 
bii  excitation  of  the  rranial  an<l  sacr^  tuitonomic,  and  also  of  the  true 
yxnpathetic  nerve-supply  to  all  organs  containing  plain  nnmelo. 

There  is,  therefore,  reason  to  l)elieve  that  the  two  varieties  of 
autism,  the  gangrenous  and  the  convul&ant,  are  caused  by  the  varying 
onount  of  the  two  constituents  cornutine  and  sphacelotoxin  present  in 
■be  eT*got 

In  the  case  of  ergot,  as  of  some  other  poisons,  certain  persons  are 
laid  to  be  peculiarly  susceptible  to  ite  eflects,  and  medicinal  dttses  of 
prgot  have  been  followed  by  sc%'ere  poisoning.  An  explanation  of  this 
is  no  doubt  to  be  found  in  the  extreme  variability  of  strength  of  the 
extracts  of  ergot.  A\'e  have  pointed  out  elsewhere  that  by  far  the  greater 
numl>er  of  these  at  present  on  the  market  are  rpiite  vnlneless,  in  that  (hey 
possess  little  or  no  ttowcr  of  constricting  vessels  or  exciting  the  uterus  to 
contract  Occasionally,  however,  a  very  active  sample  may  be  met  with, 
and  it  is  suggested  that  the  rare  ewes  of  i)oi8oning  which  have  been 
described  after  the  administration  of  medicinal  quantities  of  ergot  are 
caused  by  the  use  of  such  a  sample.  There  is,  however,  evidence  that 
ftorae  persfma  are  more  susceptible  to  ergot  than  others,  because  tiot 
infrequently  during  epidemics  of  ergotism  some  members  of  a  stricken 
family  escape  ;  other  patients  are  s|X)radica]ly  victims  in  the  midst  of 
general  imnnuiity.  Again,  those  persona  must  suffer  first  and  chiefly 
who  are  mainly  or  altogether  dependent  on  the  diseaiied  corn  for  food. 
Thus  cattle  died  first  in  some  epidemics ;  and  those  labourers  whose  foo«l 
■was  but  brejul  and  water.  S<i  long  as  milk,  cheew,  or  meat  formed  (Kiit 
of  the  diet  the  peasant  suffered  less  severely  or  not  at  all.  The  pro|)rictor 
who  dressed  his  own  com  was  lietter  protected  than  the  workmen  who 
ha<l  to  tjiko  their  corn  from  the  miller,  who  bought  the  cheui)est  giain  ho 
could  get. 

Pathology. — The  sensory  nerves  are  paralysed,  but  it  is  uncertain 
whether  tbe  action  be  central  or  jwriplieral  (Brnnton).  Tlie  muscles  and 
motor  nerves  are  unaffected.  Dr.  Mitchell  Bruce  says  that  the  i>osterior 
columns  of  the  cord  shew  sclerosis  somewhat  resembling  that  of  tubes 
dorsalia  The  arteries  are  thrown  into  a  state  of  contraction,  producing 
a  rise  of  Wood-preBsure,  In  some  measure,  however,  this  rise  is  diie  to 
stimulation  of  the  vasomotor  centre  in  the  bulb,  although  the  main  action 
is  on  sympiUhetic  nerve-cells  ;  none  of  the  action  is  peripheral  on  the 
vessels.  In  the  constricted  and  thrombosod  arterioles  a  glutinous  matter 
(decolorise<l  plasma  ?)  is  found,  and  the  walls  of  the  vessels,  either  primarily 
or  secondarily,  undergo  a  hvaline  degeneration,  especially  of  the  tunica 
intima.  The  blood  drawn  din-iny  life  is  dark  and  viscous.  After  <leath 
the  alKlomiiial  viscera  are  fouml  "  intlamed  "  (Brunton) ;   and  the  lungs 
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are  always  in  a  state  of  congestion.  Ehlers  repeats  the  senooi  vmito^! 
therefore,  against  the  use  of  ergot  in  enteric  fever,  in  which  daenr  it 
may  do  fatal  mischief.  The  iit4)riiB,  intestines,  and  bladder  are  tMaiuaU)r 
contmctod,  luid  the  continuous  medicinal  use  of  ergot  is  npt  todogrsre 
harm. 

The  detection  of  ergot  in  flour  ia  thus  performefl : — a  small  qtuaiiir 
of  the  sample  is  mixed  with  ether«  and  a  few  crystals  of  oxalic  ftcidsR 
added  ;  if  the  liquid,  after  l^eiiig  lioiloil  and  allowed  to  bucome  clev. 
exliibit  a  red  tinge,  ergot  is  pre^nt  in  the  sample  (Bottgcr). 

Symptoms. — Ergot  nmy  prove  fatnl  by  acute  intoxicsition  or  hr 
torture.  It  may  occur  in  two  chief  forms  at  least,  the  s[fii»miHlti 
convulsive,  and  the  gangrenous — the  variation  being  probably  due  to 
variable  qimntities  of  two  or  more  [)oiciotu>UK  principles  in  the  spar.  In 
the  acut<^  form,  which  is  more  common  in  children,  heariness  of  tb«  hoki 
..giddiness,  depression  of  spirits,  and  formications  may  pan  rapidly  int^ 
»lic,  tym)taii)tcti,  clonic  and  tonic  cram|>s  (Krumniekrankheit),  precoriul 
^anguish,  violent  vomitings,  purging,  and  stupor,  with  or  without  tm- 
vulsions  (epilepsia  epidemtca):  if  death  ensue  in  one  or  two  dayi»a*ii 
not  infrequent,  the  seizure  is  not  unlike  cholera,  but  \^-ilh  a  more  ckNukd 
sensorinm.  A  vesicubir  eniption  baa  been  seen  in  some  coses.  If  «»• 
valescence  follow  :in  acute  attjick,  whicli  is  i\  rare  resiUt>  it  is  very  tediouf 
and  im[>urfuct,  broken  b}'  relapses,  and  dogged  in  after-timn  by  •^o'Il 
sequels  as  epilepsy,  weak-mindwiness,  cataract  (Taube,  Meier,  (; 
and  many  other  misfortunes.  The  gangrenous  form  may  also  sot  i' 
terrible  vehemence,  though  of  coiu*se  for  the  destruction  of  ih--  ;  \ 
more  time  is  required.  The  agonising  pjiin  may  penetrate  the  aflktcJ 
limb,  or  limbrt,  like  a  fire  ;  hut,  on  the  other  hand,  there  may  be  no  piia 
An  erysipelatous  blush  may  pi-erede  lividity  ;  but  usually  it  is  absent,  sdJ 
the  lividity  jjassos  into  darkness  or  blackness.  As  a  rule  the  gani^mtr 
ia  dry;  but  moist  gangrene  is  wen  occasionally.  An  inHamm:itorT  *»nii 
marks  off  the  dead  part,  wliich  separates  without  ha'morrhage.  .M( 
than  one  limb  may  bo  aHecte<l ;  and  part  after  part,,  until  the  body 
^nscera  are  involved,  and  death  ends  the  nithless  course  of  the  dii 
At  first  the  bloo<I-pressiui*  is  raisod:  the  radial  ai-torv  is  felt  to  tight 
from  day  to  day,  and  the  pulse  becomes  very  small ;  as  the  diaeaw 
ndvancos  it  becomes  almost  or  quite  imperceptible.  When  the  miadutf 
ia  arrested  at  an  earlier  stage,  and  the  poor  autforor  rocoven,  bo  ^ 
prolmbly  crippled  by  the  loss  of  hand,  foot,  or  limK 

The  mahidy  may  pnr.«ue  a  very  chronic  but  not  less  pitilew  fflrni, 
when  all  the  sym7>toms  invade  the  botly  very  gradually.  The  rry«ij)«l«- 
tons  skin  may  die  first  and  liecome  detached  like  the  slough  of  a  anakC' 
Again,  there  may  bo  a  mixture  of  the  spasmodic  and  gangrflBOO 
symptoms  in  the  same  patient. 

In  n]itigate<l  attjicks  there  may  be  little  more  than  hcavineM  of  ck« 
hujid,  melaiichol}',  some  creopings,  and  slight  tonic  contractions  of  th» 
legs  ;  the  appetite  may  not  fail,  and  the  paresis  may  uot  go  beyond 
aniesthesia.      In  this  stage  it  is  not  uncommon  for  patienta  t«i  be  « 
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ftiuesthetic  as>  for  example*  to  sew  a  finger  to  needle\rork.  It  is  a  good 
rign  when  the  cree]>ing  returns  ;  an  irriuition  may  follow,  annoying 
*nougli,  but  welcome,  (is  in  recovery  from  frost-bile;  heat  returns  to 
the  cold  linilj,  and  the  characteristic  pidlor  of  the  face  give-s  jilju'e  to  :i 
freshening  tint.  These  recoveries  are  more  common  in  the  spring  and 
aarly  summer  before  the  new  grain  comes  into  use,  and  as  the  old  spius 
ue  losing  their  vinilence. 

DlafiTDOSls. — Ergotism,  only  too  easily  recognised  in  times  of  epidemics, 
inay  not  readily  be  detected  in  sporadic  and  mitigated  cases.  Ehlors 
does  not  hcaitate  to  raise  the  whole  <)uestion  of  the  relation  of  other 
diseases  marked  by  ischiemia  of  the  extremities  to  ergotism  ;  such  as 
acrodynia,  Kayiiaud's  disease,  and  erytbromclalgia.  As  to  acrodyiiia, 
Ehlers  unhesitatingly  attributes  the  cases  descriWd  by  Kayer  to  ergot. 
The  disease  arose  spontaneously,  appeared  epidemically,  and  in  damp 
seasons.  The  symptoms  certainly  presented  the  characters  of  ergotism. 
Ehlors  alleges  that  ergotisni  and  Kaynaud'a  disease  arise  at  the  same 
season ;  that  Raynaud  was  mistaken  in  supposing  that  ergotism  respects 
certjtin  ages  or  one  sex;  and,  finally,  that  the  cases  Nos.  9.  12,  and  15 
of  Raynaud  were  certainly  ergotism.  No.  9  and  No.  12  were  in  patients 
who  ate  rye  habitually.  In  the  young  woman,  No.  15,  a  gramme  ami 
a  half  of  ergot  had  been  administered  in  her  confinement  three  days 
before  the  symptoms  began.  Koburi  relates  a  case  in  which  sixty 
centigrammes  of  urgot  caused  gangrene  in  a  woman  shortly  after  con 
finemontf  anrl  death  a  month  latter.  In  other  cases  Ehlers  hints  that 
young  women  may  forget  to  inform  their  me<tical  adviser  that  they  haifl 
been  tJiking  ergot,  even  if  they  were  aware  of  the  contents  of  some 
medicine  taken  for  abortion.  Other  cases,  he  thinks,  were  too  indefinite  in 
character  to  ]>ermit  of  an  accniate  diiigiiosis.  \Vc  must  add,  however, 
from  personal  knowledge  as  well  as  from  the  evidence  of  his  treatise, 
that  Rjiynaud  did  not  overlook  the  possibility  of  ergotism  in  his  cases, 
and  decided  against  this  poison. 

In  1872,  and  again  in  1S78,  Dr.  AVoir  Mitchell  descril>ed  a  group  of 
symptoms  under  the  name  of  erytbromclalgia,  anil  re|)oited  six  cases. 
Man)'  cases  have  subsequently  twen  ]>ut  on  record  [vith  Vol  VI.].  One  of 
these,  recordc<l  by  Nieden,  is  pronounced  by  Khiers  without  hesitation  to 
be  one  of  ergotism  ;  he  is  disposed  to  put  the  same  intiTpreUition  on 
others  of  these,  and  urges  that  all  these  cases  should  in  future  be  studied 
in  the  light  of  ergotism.  The  differences,  however,  are  notable  enough. 
The  superficial  resemblance  of  acute  ergotism  to  cholera  has  already  been 
mentioned  ;  confusion  between  the  two  maladies  is  not  likely  to  arise. 
^  ProgTiosls. — The  mortality  in  severe  epidemics  may  l>e  as  high  as 
^!0  l>er  cent ;  in  the  less  severe  it  may  fall  as  low  as  10  j>er  cent.  As  is 
pointed  out  in  another  section,  the  symptoms  of  gangrene  mny  |>iiSH  off 
and  the  limb  recover :  but  this  event  is  not  to  }k  anticipated.  Acotc 
ergotism  is  generally  fatal.  In  chronic  cases  much  depends  on  the  dose 
of  the  poison  and  on  the  subsequent  prevention. 

The  treatment  of  ergotism   must   Ijo  largely  symptomatic.     Acute 
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cases,  in  wbicli  death  may  result  from  culliipee,  shoiiM  be  treat 
other  forms  of  imtant  poifloning :  the  atomwrh  raiist  be  emplie«i  ehlrr 
hy  the  tuhc  or  emetics,  8timulant4?  adminisLei'ed,  and  exteiital  vsnnA^ 
applied.      After   the  poisoti    has   been    absorbed    into   ibe   s}$t«in 
circulatory   and   nervous  symptoms  must  be   treated   aa  they  arui, 
mneh  the  same  way  as  in  cases  of  chronic  poisoning. 

In  chronic  poi&jnlng  of  whichever  form  an  endeavour  should  be  m*if 
to  trace  tho  source  of  infection  ;  not  alw-aya  an  easy  task  in  sj)or.wlic  caw* 
tlie  jiernicious  grain  or  drug  must  be  at  once  withdrawn  and   the  paitiml 
placed  on  light  fwxJ  of  approve<i  source.     The  patient  must  be  kept  irann, 
and  in  the  moie  sevei-e  cases  put  to  Ijed.      Dru^  treatment  is  nci:«**»rilr 
palliative ;  in  the  gangrenous  form  we  have  to  fight  against  the  stimuUm 
action  of  the  drug  on  the  sympathetic  nerve  ganglia;    it  is  thin  aftim 
which  produces  the  intense  viiso-conslnction  and  the  very  largo  incrpj 
in  systemic  blood  pressure.     To  coiintemct  this  oHoct  drugs  should 
given  which  exert  a  depressant  action  on  these  same  nerve-ganglia;  sd 
dnigs  are  coniunt,  lobelia,  and  the  alkaloid  sparteine.    Sparteine  is  ibe  b 
drug  for  the  purpose,  because  it  is  much  less  poisonous  than  the  otbcnj 
it  should  be  pushed  until  the  blood -pressure  is  appreciably  lowered.    In 
very   severe   cases,   however,   it   may   be  necessary    to   suppl^-mcni  tfc-? 
si^rteine   with   drugs   which   directly   paralyse   the  voasels.  such  ju  tii« 
nitrites.     Motor  nervous  aflections,  such  as  twtchings,  tremors, 
and  convulsions,  as  we  have  already  pointed  ouU  are  caused  by  excilatioal 
the  meilulla,  and  should  be  treated  by  drugs  such,  for  example,  a^  chl 
wliich  depress   this   structure ;  when  convulsions  are  severe  tht*  l»«li< 
may  be  kept  utuler  chloroform  for  a  time.     Small  doses  of  morphine 
be  used  to  relieve  the  sensory  effects.     The  bowels  should  be  madc.ifi. 
freely,  saline  aperients  being  most  useful  for  this  purpose. 


Pellagra 

This  disease,  which  presents  many  analogies  to  ergotism,  is  dao 
a  poison  the  nature  of  which,  like  the  poison  of  ergot,  GXort»  its 
mainly  upon  the  cential  nervous  system. 

Pellagra  is  at  times  epidemic  in  its  invasion  ;  at  other  times  or 
it  is  endemic  or  sporadic.     It  appeared  for  the  first  time  in  Eun>|)* 
fifty    or  sixty  years  aft«r   tho  inlr<Mluction  of  nuii^o   from   America:' 
broke  out  first  in  Spain  and  spread  laK?r  to  Fiance,  Lombardy.  and 
where.     Gosal,  in  ITHO,  tleficril)ed  the  diaeasB  in  the  Asturias  under 
name  of  ma\  dr  hi  twa :  the  Asturias  are  still  its  headquartrrs  in  S[ 
FrajwUi  of  Milan  termed  the  disejise  pelkgra  in   1771.      In  lialr, 
Creighton  tells  tts  that  it  first  broke  out  in  the  neighl>ourhood  of  L 
Maggiore  ;  and  in  1750  it  nipidly  extended  its  ravr^cs  in  North  It 
Us  extension  in  the  Emilia  and  in  Tuscany  has  taken  place  dunn<r 
last   ceniury.     In   Centnd   llaly  it  is   little  known  ;  in  Sou: 
Sicily  it  is  not  seen  Ht  all.     In   1881   there  were   103,958  p. 
Italy ;  and  in  the  year  1903  the  death-roll  from  this  disease  was  stated 
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to   be   264^.      Antonini  has  shewn  that  pellagra  hua  been  receding  in 

ftotne   provinces   and   incre:isinj;   in   others.      The    nnmber   of  pellagrous 

.pHtienu  varied  from  012  per  1000  of  the  u^ricullural  population  in  the 

least  affected  areas  to  50  per  1000  in  others,  such  as  Perugia,  CrcDionn* 

and  Padua.     Like  eigutisiii,  pelhigra  is  a  diBease  of  the  poor,  especially  of 

the  poorest     The  Italian  peasantry  arc  for  the  most  pirt  in  a  wretched 

condition  ;  ihey  are  ill  ilad,  ill  fed,  oppressed  by  hard  liiliour,  and  boused 

I  ill  huts  scjircely  fit  for  lliu  domestic  animaU.     The  peslilentre  was  formerly 

very  prevalent  in  Rumania;  in   1888,  10,62G  persons  in  Kuuiania,  out 

of  %  total  population  of  r>,330,'iy0,  were  suffering  from  pellagra.     Since 

1850  the  disease  has  shewn  itself  in  Oirfu.     In  still  more  recent  time**, 

pellagni,  has  spread  to  Egypt,  anti  in  certain  proWnees  apparently  has 

atTected  a  very  large  proixjrlion  of  the  poorest  peawml-s.      I>v.  Sntidwiih 

■piaaaiincd  3t.*>  niorr,  prcsumiiMy  hcjdthy,  in  eleven  different  villiige^  in  the 

pppovince  of  Gharbieh,  and  of  those  36  per  cent  showed  signs  of  early 

peilagi-a.     Vet  they  stoutly  denied  that  anything  was  wrong  with  them. 

Pell.'igra  is  pniclicidly  unknown   in   this  country  ;  a  aupposcd  case  has 

recently   l>een    publishc*!   (Ha)  ;    but,    iis    neither    the    symptoms    nor 

the    physic;d    signs    were    chamcteristic,    the    diagiiosts    must    remain 

Jpul>tful. 

^M  Causation. — Although  pellagra,  like  ergotism,  is  associated  with  Imil 
^Kot\  aud  wHter,  misery,  and  gi'inding  labour,  yet  these  conditions,  which 
favour  the  disea^^e,  are  not  sufficient  of  thenaselvcs  to  pro4lucc  it  :  the 
jwas^intiy  in  Southcni  Italy  are  even  more  miserable  than  those  of  Lom- 
Uirdy.  A  mure  8|M:cilic  can.sc  iB  necoss/iry  ;  and  there  is  now  no  doubt 
that  this  immediate  cause  has  lioen  traced  to  bud  maize.  There  are  three 
circumstances  in  the  history  uf  pellagra  which  throw  some  h'ght  on  its 
origin: — firsts,  that  pellagra  has  apj>cai'ed  only  in  eomfutrativoly  recent 
times,  after  the  introduction  of  maize  from  America;  secondly,  its  dis- 
tribution is  very  restricted,  and  that  endemic  foci  exist  only  among 
rural  pojMilations ;  and  thirdly,  that  epidemics  inviirinbly  follow  the 
ahimdant  use  of  maize  ;  where  it  is  not  cultivated  or  consumed  pelUigra  is 
nhsoiit.  Dr.  Crei;ihton  j>o)rits  out  that  although  maize  forms  u  large  part 
of  the  staple  diet  of  the  {MUisantry  in  countries  other  than  those  subject 
to  this  plagvie,  yet  beyond  its  ordinary  haunts  pellagra  does  not  occur. 
"Compared  with  the  maize  zone  the  iirea  of  iwllagni  is  a  mere  sjwt  on 
the  map."  Kvon  in  countries  such  as  Hurgundy,  Krancbe  t'omt*',  and 
the  Bresse,  where  the  climate  and  soil  are  somewhat  trying  for  maize, 
pellagra  i*arely  ap]>ejirs  ;  in  these  provinces  the  greatest  cam  is  taketi  to 
dry  the  grain  before  it  is  stored,  yet  after  a  partictdarly  had  harvest 
pellagra  may  arise.  These  considerations  make  it  very  improbable  that, 
as  I)e  (viaxH  insists,  sound  maize  may  set  up  the  dis<*ase  in  susceptible 
persons. 

Pellagra  is  less  prevalent  where  the  maize  is  supplemented  by  other 
foofls.  Corfu,  as  Dr.  Cr4'ighton  points  out,  is  almost  a  crucial  instjuice : 
maize  thrives  well  there,  but  its  culture  has  been  largely  displaced  by 
viae  culture ;    since    this   change   maize   has  been    imj>orted,    and    the 
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imi>ortHtion8  coiiaigt  of  the  inferior  maize  of  Romania  still  more  dabs^^ 
orauid  during  a  long  wnier  transit  by  the  Danube  and  Black  Sea.    B« 
W.illach  peasantry  of  Kumnnia,  who  are  subject  to  pellagra*  gather 
corn  before  it  is  ripe,  and  shoot  it  into  pits,  where  it  Ijecome^s  miut^, 
lower  Eii;ypt  the  poorest  and  most  wireieas  of  the  {^eaaunti  sowr 
maize  tieed,  g:ither   tlie  crop  before  it  is   ripe,  store   it  in  liamp 
before  it  i?  dry,  and  leave  the  cobs  within  their  ghcatha.     The  pc 
in  upper  Egypt  are  equally  poor  and  ignorant^  but  they  are  eaved  fron 
pellagni  because  their  stable  diet  is  not  maize  but  millet.     In  Nortbrra 
Italy  the  peasantry  grow  the  more  worthless  kinds  of  maize  on 
cultivateil  grounds^  sow   it   Iate>    harvest   it   before    its   maturity, 
careleaaly  store  it  undried.     The  millet's  grind  the  cheapest  com  for 
peasants'  use  ;  moreover,  the  loaves  arc  unlea%'cned,  half-baked,  and 
numldy  before   they   are    consumed.     This   kind   of   evidence   jjoct  ihj 
further  than  to  indicate  that  the  poison  is  <luc  to  onbnary  putrcdctife 
changes — changes  due,  no  doubt,  to  microbes,  but  the  microbes  cotweriMd 
may  be  the  ordinary  agents  of  decompositiou  :  the  special  ekaracli^of 
maize  poisoning  may  be  due  to  some  pecidiarity  in  the  chemical  »iraouin 
of  this  grain  itself.     One  fungus  to  which  the  disease  baa  been  attribotsd 
is  tfie  UdicuhiTui  ^i.^tUmp]  its  spores  are  seen  as  a  brown  or  greeniib 
brown  powder  which  is  deposited  under  the  epidermis.     Thififunguiii 
found  in  other  disetisod  grain,  yet  in  the  case  of  maize  only  is  its  inwioa 
followed  by  the  pellagra.     Whatever  l>e   the   nature    of   the   wgwii«n 
there  can  be  no  doubt  that  the  symptoms  of    pellagra  are  auifird 
some  poison   produced   in  diseased  maize.       Balardini    jierfunucd   fui 
experinientH  with  i>ellagra-maize  upon  men  and  animals.     FowU  wi 
were  fed  on  such  maize  l-»ccame  thin,  lost  their  feathers,  and  later  ifc 
power   of   movemeni.        Men    were   affected    princijMdIy    wiih    digc«U 
tmuhles  and  diarrlnra.      I^ombroso  made  some  more  exact  invcsti^ 
In  fowls  ho  observed  diarrhi£a,  casting  of  the  feathers,  ami  il«alh; 
mts,  wasting,  choreiform  movements,  and  death  ;  in  healthy  meti  aftef  j 
pn^Iongod  course  of  a  tincture  prepitred  from  the  maize,  loas  of 
vomiting,  diarrhit^a,  dcsqufimation  of  the  skin,  malnutrition,  and  diiatatwnT 
of  the  pupil.     He  pro{)ared  from  the  pellagrous  maize  a  fatty  oil  and  sn 
extractive  sub.st^uiee,  |>ellagrozuin,  which  are  never  fotuid  in  sound  maiia, 
but  which  can  be  artificially  produced  in  the  com  when  it  is  exposed 
fermentation.       Cortez,   working  in  Uueeniuun's  laboratory,  ban  ex| 
mented  with  the  toxic  subst^tnces  ol)tainod  from  maine  by  Lotobrota 
confirms  him  in  almost  every  point.     Procopiu  oven  states  that 
distilled  fnjm  damaged  maize  may  give  rise  to  (Kllagra.     Novi 
Ceni,  followini*  up  his  work  with   iJesta,  has  recently  stated  that 
found  aspergillu^f  in  '2\  out  of  28  cases  of  pellagra.     And  in  one 
who  died  of  pollagra-typhoid  the  mesenteric  glands,  which  were  «n1 
and  copper-red  in  colour,  yielded  JspertrilluB  fumvjaUu  on  cultivation; 
is  not  stated  whether  the  spores  were   seen  in  sections  of  the  fl 
Ceni  olTei*s  no  adequate  reason  why  cvdtures  taken  from  those  dyingJ 
acute    pellagra   give    negative    results,    and    his   experimenta  are  qt 
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insufficient  to  modify  our  present  views  on  the  nature  of  pellagra,  that 
it  is  a  poiBon  formed  outside  the  body. 

Peltagm  is  chiefly  a  diMJEise  of  luicMle  life^  and  of  women  more  often 
than  men  ;  but  children  arc  attjickud  not  infrequently,  and  Dr.  Creighton, 
treAting  of  its  heredity,  says  that  infants  at  the  breiifit  may  shew  nigns  of  it ; 
be  adds,  however,  that  such  infiints  are  partly  fed  on  the  household  polenta. 

Pathology. — AVhat^ver  the  poison,  its  effects,  as  in  the  case  of  ergotism 
and  Iathyri.sm>  fall  directiy  upon  the  nervoua  system,  and  the  main 
external  fesitures,  suth  as  erythema  and  gangi'ene,  are  secondjirj-  to 
changes  of  the  nervous  structures,  whether  of  vasomotor  or  directly 
"  trophic  "  origin.  Although  the  vasomotor  changes  are  not  so  dt-iinita 
as  in  ergotism,  yet  in  pellagra  they  seem  to  be  of  no  small  account.  The 
most  obvious  changes  are  found,  however,  in  the  apinal  coitl ;  atid  these 

precisely  such  as  the   iMvUiej*  would    lead   us   to  expect.       Tk)th   in 

tism  and  in  pellagra  the  jHwLerior  columns  are  injured.  In  the  most 
painful  cases  of  ergotism  the  posterior  root-zones  are  attacked  :  in  pellaj^ra, 
as  the  reiwrt  of  the  clinical  synijit^jms  would  indicate,  the  lateral 
columns  rather  are  implicated.  The  weight  of  the  disease  falls  on  the 
croaaed  pyramidal  tracts.  The  direct  cerebellar  tracts  are  never  touched. 
The  cells  in  the  anterior  horn  are  deeply  pigmented  ;  but  the  muscular 
Atrophy  of  the  later  phases  of  the  malady  is  general,  not  particular. 
The  lesions  of  the  posterior  columns  fall  chiefly  upon  the  cervical  and 
upper  dorsal  region  :  those  of  the  lateral  column  rather  upon  the  middle 
and  lower  thirds  of  the  dorsal  region.  Pigmentation  also  is  found  in 
other  internal  organs  and  in  the  skin.  Dr.  Sandwith  (50)  has  studied 
the  spinal  cord  in  three  cases  of  pellagm  poisoning.  In  the  first  case  there 
was  some  degeneration  of  the  posterior  columns  as  shewn  by  Pal's  method 
of  staining  ;  a  degenerated  root  entered  at  the  third  lumbar,  and  could 
be  traced  up  to  the  dorsal  region ;  the  (Kwi^rior  wnidium  columns  were 
unduly  pule.  In  the  second  c^isc  well-marked  degeneration  of  the  posterior 
columns  was  present,  evidently  of  root  origin :  there  was  also  an  increase 
of  connective  tissue  in  the  area  of  the  uttected  i-oots,  and  some  thickening 
of  the  walls  of  the  arteries.  The  posterior  roots  also  shewed  marked 
degeneration  in  their  extra-mei-lnllary  course.  The  third  case  shewed 
only  sume  doubtful  altcmtiuns  in  tlio  medulturv  shejith  of  certain  nerves. 
He  suggested  that  the  sclerosis  of  the  posterior  columns  was  of  root 
origin  and  that  the  increase  of  connective  tissue  in  these  columns  was 
secondary  to  degenenition  of  the  roots.  In  pathological  chaiacter  the 
changes  seem  rather  to  be  extremely  slow  degenerations  than  inflam- 
mations :  they  are  probably  Tiut  t^ssetitially  of  a  progressive  kind  ;  the 
advance  of  the  niii*chicf,  at  any  rate  in  the  earlier  stages  of  the  disease-, 
depends  on  the  persistence  of  the  causes.  The  brain  presents  general 
wasting  \  the  ventricles  are  somewhat  distended  and  contain  some  excesa 
of  fluid.     The  stomach  may  be  dilated. 

Symptoms. — Pellagra  has  three  characteristic  groups  of  svraptoma 
which  are  dissociated  with  (1)  the  skin,  (2)  the  alimentary  Ciuial.  and  (3) 
the  central  nervous  system.     In  the  spring-time  the  patient  comphiins  of 


896 


SyST£Af  O/-  AtEDICINB 


bodily  weakness,  heibdache,   depression  of  spiriU,  sleeplesetiMs,  cniB{i^ 

vague  but  often  severe  pains  in  the  spine  and  joinU,  rerti^  nl 
(lyspepsiiL  As  the  malady  progresses  the  skin  disease  appean,  tfabo^ 
the  eruption  is  not  consUnt ;  there  may  be  '*  jx* lliigra  sine  [wIUgnL' 

The  entption  is  an  erythema  which  chiefly  affects  the  {Mut»  expOMdl 
the  sun  ;  the  backs  of  the  hands  and  feet  become  shiny,  tense^  and 
The  skin  is  swollen  and  is  the  seat  of  burning  or  itching  seti&tium; 
petechiie  are  frequent,  and  bull»  appwir,  which  on  rupturing  la»e 
imlolent  viker?)  (pellis  agria  «  ulcer  of  the  skin).  In  about  a  foiudghil 
from  the  lieginuing  of  the  attack  the  erythema  subsides,  and  d«8qi 
tion  follows,  leaving  the  underlying  skin  thickened  and  stained  fl( 
liuliL  sepia  colour.  The  symptoms  usually  subside  in  the  autumn, 
reappear  in  an  exaggerated  form  in  the  following  spring.  The 
thus  recur  regularly  ever}' year,  the  thickening  and  pigment  ■  ni 

increased  on  each  occJision  in    the  first  four  or  five  yoai-*. 
the  intcgiuuenl  undergoes  atrn[)hy,  and  becomes  dry  and  wizened  a> 
old  ago  :  this  atrophy  is  especially  marked  on  the  bucks  of  the 
The  nails  and  hair  shew  no  change. 

In  the  later  stages  diarrhoea  sets  in.     The  dyspepsia  seems  to  be 
first  disorder  to  follow  the  invasion  of  the  poison  (T.  C.  A.).     In  aei 
cases  free  hydi-ochloric  acid  may  be  altogether  absent ;  in  all  it  is  mncli 
reduced.     A  ileticieucy  of  hydi-ochloric  acid  in  the  giistric  juii*c  i«  not^ 
however,  in  any  way  characteristic  of  pcllagni,  as  has  l>een  .asserted  :  w 
a  dehcieucy  is  present  In  most  forms  of  wasting  disease,     nigostion 
therefore  slow  ;uid  i»j|>erfect ;  peptones  are  deficient,  and  the 
discharge  facilitates  the  lactic  and  other  fermentations.     Agostim 
that  cjireful  attention  to  this  stomach  derangement,  including  lava^i 
of  benefit  in  pellagi-a. 

When  the  patient  has  thus  been  the  subject  of  the  disoaM  in 
recurring  attacks  for  three  or  fovir  years  his  depression  of  spirits  d( 
into  melancholia  of  a  severe  and   irremediable   kind.        He   coi 
suffers   from   globus.       The    nielancholiii   may   Ih;   altogether  dull 
heavy,  or  on  the  other  hand  it  may  have  maniacal   phases :  the  patii 
may  be  mootJy,  self-accusing,  and  remorseful,  or  he  may  present  maniic^ 
periods,  in  which  misery  or  a  horrible  burning  of  the  skin  may  drive 
to  suicide.     Systematic   monomania    ("  pamnoia")   is   never  seen. 
depression  may  idternate  with  mania^  so  stuftor  may  alternate  with 
vertigo :  and  twitchings,  ti'emors,  and  even  epileptiform  seizures  of 
cortical  variety  are  not  uncommon.     The  cmmps,  likewise,  nwy  p«M 
into  pciTuanent  contmcturcs. 

Falsies  form  juirt  of  the  (jrdinary  course  of  the  disease :  the  knce-ji 
may  differ  on   the  two  sides,  but  in   the  large  majority  of  cases  it 
increased  ;  it  is  rarely  absent.     Tendon  reflexes  arc  often  to  be  dct 
in  the  forearms.     The  gait,  though  uncertain,  is  never  ataxic ;  it  ral 
assumes  the  form   uf  spastic   jmniplegia.       Ankle  clonus,  though 
present^   is    not    invariable.     Thcsu   paretic    symptoms    ore    coi 
preceded  by  tremor.     .Sensation  is  virtually  uuaffoctod. 
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I  Together  with  this  ilegoneration  on  the  aide  of  the  nervous  syirtem 
lJi<»  whole  man  also  «leteri orates.  Flnsh  anil  strength  fall  away,  the 
KnentuI  faculties  wane,  and  life  is  hut  too  often  prolonged  to  the  dregs,  to 
l>e  cut  short  at  last  hy  ('olliiiiiative  diarrha'a.  With  each  suiTCSsive  year, 
jto  use  Ih".  Crciijhton's  words,  the  patient  becomes  nioie  like  a  mummy : 
bis  skin  is  shrivelled  and  sallow,  or  even  bhtck  at  certain  points  ;  bis 
ttones  protnide ;  hia  muscles  waste ;  hia  movements  are  alow  and  langiiirj, 
Ifezid  hift  Bonsibilities  grow  more  and  more  ohtasc.  The  disease  is  aome- 
tiineB  so clnuuic  as  not  to  shorten  life,  and  it  is  rai'ely  very  acute. 
'  Dlagpnosls. — In  countries  where  pellagra  is  known  there  ean  he  little 
diftictilty  in  detection  of  the  malady,  even  in  ita  earh'er  stages.  The  only 
(liBea^seH  t^i  which  it  shows  any  likeness  belong  to  the  e.'ime  claBs  of  pro- 
gressive dementias.  General  panth'sis  of  the  insane  might  at  certjiin 
imomente  present  some  resemblance  to  pellagra  ;  but  the  character  of  the 
lesions  of  the  limbs  or,  if  in  mre  o;ifleH  ihesM  he  absent,  the  lack  of 
grandiose  irleas,  the  feature^s  of  the  palsy,  and  the  historj'  of  the  origin 
of  the  attiick,  would  direct  the  obsener  to  a  true  opinion.  The  sjieech 
may  lie  alVected  in  jiellagra^  hut  not  in  a  charaeteri»tic  fashion.  The 
pupils  are  never  fixed  as  in  tabes,  but  some  myosis  is  often  present, 
are,  however,  recordetl  of  the  coincidence  of  the  two  maladies  in  the 
pei-son.  The  disturliances  of  sensibility,  if  any  be  present,  and  the 
iption  may  suggest  leprosy ;  and  leprosy,  like  iiellagra,  may  present 
remissions  if  not  definite  seasonal  phases.  In  iKKlular  leprosy,  however, 
Biji  granuloma  of  the  .skin,  and  in  an;esthetic  leprosy  the  rierve-thanges, 
PR  ch»racteristic.  The  colotu'  of  the  skin  may  not  he  unlike  that  iu 
Addison's  disease ;  but  the  eniption,  or  in  its  absence  the  ner^'oua 
symptoms  of  pelbigra,  would  suffice  to  indicate  this  disease. 

Prog'nosis. — ^\^len  the  <lisease  has  recurred  for  three  or  four  seasons, 
and  especially  if  the  mind  be  affected,  the  prognosis  is  very  Ivid.  One 
of  lis  (T.  C.  A-]  gathered  from  the  physician?!  of  the  Italian  lunatic  asyhims 
that  recovery  of  patients  once  arrived  at  the  asylum  stage  of  insanity 
is  almost  unknown.  Still,  these  are  extreme  cases :  the  mentJilly  afflicted 
in  their  earlier  ph:ises  may  recover :  too  often,  however,  the  advan^^e  of 
death  is  inexorable. 

The  only  treatment  is  to  remove  the  causes  of  the  intoxication,  and  of 
the  failure  of  resistance  ;  and  thereiifter  to  treAt  the  symptoms  on  general 
principles. 

The  Mini-strv  of  Agriculture  in  Italy  has  provided  drying  apparatus 
ioc  grain,  bakeries,  and  other  hygienic  advantages,  including  better  houae 
^bDmmodation,  in  the  infected  districts  ;  also  "  pellagrosari,"  or  places 
tef  the  treatment  of  "  pellagiosi/'  for  those  patient  on  whom  the  djs«atic 
has  gained  a  hold.  It  is  stated  (41)  that  a  decrease  of  the  malady  has 
followed  on  these  reforms ;  except  in  the  district  of  Penigia,  in  which, 
for  certain  incidental  reasons,  the  malady  seems  to  have  increased.  Dr. 
Sandwith  has  suggested  that  in  Kgypt  the  peasants  and  employers  of 

)ur  should  Ix;  taught  the  early  symptoms  of  the  disease.     At  this 
it  will  yield  to  treatment,  but  if  neglected  the  svm]>toms  increase  in 

vou  n. — PT.  I  3  M 
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severity  and  end  in  insanity  or  general  debility,  which  entirelj  anfiti ' 
individmd  for  work. 


Laihyiusm 

This  19  the  name  given  by  Cantani  to  another  m^i/  dt  mu^  due 
directly  tu  di8eiuse<1  grain,  an<l  more  remotely  to  wretched  coodiciofUofliiL 
At  the  end  of  the  eighteenth  centun',  and  at  the  beginning  of  theU^ 
suapiciona  arose  that  certain  jtalsies  of  the  legs  were  due  to  the  tt«.« 
footl,  of  the  Ltithffnis  sativus  and  the  L.  diem  (or  chick-pen).     Lathff 
•uitinis  is  indigenous  from  the  southern  Caucasus  to  northern  India ;  it 
\i    now    cultivated    all    over    India.       Nevertbelees,    {Mit^uning   by  ifa* 
various  species  of  the  dimity   Papilionaceo?  has  been  known  from  ^vrj 
early  times,  for  it  is  stated  in  the   Hippocratic  writings  that  "«i  Aim* 
those  men  and  women  who  contiTuially  fwl  on  pulse  were  attacked  br  i 
wealoH'sa  in  the  legs  which  remained  [wrmanent":    and  again,  in  Um* 
system  of  gai-dening  it  is  stated  that  broad  made  from  the  fl-- 
Ie<l  Ui  an  epidemic  in  the  seventeenth  century,  and  that  miI>- 
edict  furbidding  its  use  was  promulgated.     The  diaeaM  ba^  \jevti  v 
in  the  departments  of  Loire  ot  Cher,  in  the  Abruzzi,  at  Aiatri,  at  Aliai-, 
and  in  K^bylia.     No  poisonous  substance  has  been  separatnl  rrom  the 
pulse.     Some  authorities,  including  Sir  P.  Manson,  have  suggostnl  iJiai 
the  disease  may  be  due  to  a  poison  produced  by  microbes  gniwing  <«  lU 
pnlv!  (com pure  pellagifi  and  ergotism);  but  this  spec-ulation  t«  u 
j)orted   by  niiy  evidence.     Two  fejiturea  of  the  disea*ie,  as   it  mi-  i 
India,  are  its  6oa.sonal  incidence — lathyrism  always  breakjt  uul  in  l&f 
niiny  season — and  its  marked  jireforence  for  males,  only  al)OUt  one  f'-nij'' 
being  affected  for  every  ten  males.     Those  data  have  Ird  Major  II' 
to  believe  that  lathyrus  disposes  to  the  discjtse,  but  that  severe  oi    •  > 
damp  are  nnpiired  to  excite  the  sn«lden  seizure.     An  exclusive  or  .Jiu '• 
excluHive  diet  on   the  oltick-pen,  and  wretched  coiiditiotifi  of  life,  secuvi 
in  the  two  pre<:eding  diseases,  to  be  accessory  causes.      The  uulbrenkl 
Allahabad,  described  by  I>r.  Irving,  followed  a  failure  of  tiie  wheat 
Major  Uendley  doscribe.s  an  outbi'cak  in  a  village  in  which  10 
of  the  male  population  had  quite  suddenly  become  more  or  leM 
paralysefl  in  the  lower  limbs.     All  those  afl'ected — poor  hand-tA-i 
hilMiitrcrs — had    Hubtiisted    for   some   eightt^en    months   on    the   pi 
fjithifiVK  stitinis. 

Pathology. — Lathyrism  is  a  milder  disease  than  either  of  the 
ceding  kinds  of  grain  poisoning  ;  honco  no  doubt  the  great  imperit 
of  the  post-mortem  records.  Such  notes  as  "softom'ng  of  the  cird,' 
other  such  irmecurate  and  va^jue  jdtriisos,  give  us  little  tnfoiTnntinn ; 
pfft^ent,  therefore,  the  precise  lesions  can  be  inferred  from  the  symj 
only.  Tliese,  we  need  scarcely  wiy,  jMnnt  to  the  lateral  mid  post 
columns  in  the  luml>ar  region  as  esjiecially  the  seat  of  the  activity  <i\ 
morbific  ajicrit.  whatever  this  may  be. 

Symptoms.— Lathyrism  is  a  quicker  discAsc  than  either  ot  thn 


precediug,  and  not  so  ruthless.  A  patient  may  go  to  bed,  apparently 
quite  well,  after  a  hard  day's  work  in  the  rain  and  awake  in  the  morning 
to  find  himself  unable  to  get  out  of  bod  ;  his  limbs  are  stiff  and  creepy, 
and  in  bome  epidemics  much  pain  in  the  bick  is  compliined  uf.  l>uring 
the  next  few  days  weakness  increases,  progression  becomes  difficulty 
and  tremor  and  uncertainty  are  observed  in  the  hands.  Both  legs 
become  wejik  at  the  same  time,  the  calves  being  first  aflfected  and  then 
the  tliiyhs ;  the  peculiar  gait  is  ilue  to  the  gr*'at  weakne-ss  and  to  the 
increased  reflexes.  Thu  necounta  of  the  disease  oftfn  describe  a  peculiar 
rigidity  of  the  dvn-so-lumbar  muscles  set  up  on  the  side  opi>osile  to  each  leg 
as  it  is  mlvanced  in  liirn  ;  giving  a  throw  of  the  tnnik  backwanifl  and 
fiidewayti  against  the  weight  of  the  advancing  leg.  ThUB,  as  the  jHitient 
walks,  the  head  and  body  must  be  thrown  into  a  suecession  of  curves, 
describing  a  screw  or  a  chain  of  figures  of  eight.  The  leg,  on  the  other 
hand,  with  the  toe  pointed  and  the  heel  drawn  up,  is  thrust  out  with  a 
tremulous  extenKion  and  adduction  ;  thus  the  toe  reaches  the  ground 
before  the  heel,  or  the  heel  may  never  re«ch  the  grotmd  at  all,  and  the 
gait  become  a  tripping  on  the  toes.  In  some  epidemics  the  gait  is  said 
to  have  more  of  an  ataxic  character,  and  the  pain  to  be  grejiter ;  as  if  the 
poison  fell  more  nn  the  posterior  colnmns. 

The  difiturbances  of  sensation  eeem  to  be  no  less  remarkable.  Hyper- 
vfithesia  and  ijjira*sthesia  of  the  legs  may  lie  followed  by  anwslhesia, 
when  tlif  skin  reflexes  are  lost ;  but  in  other  epidemics  sensation  is  not 
affected.  The  tendon  reflexes,  however,  are  intensified.  Intolerable 
craepings,  as  in  ergotismj  also  torment  the  sufferer.  The  application 
of  the  hot  moist  sponge  to  the  spine  calls  forth  this  creeping  and  tremors 
of  the  legs. 

The  evolution  of  these  various  sjTnptoms  takes  four  or  five  weeks. 
The  sphincters  are  not  affected  as  a  rule :  but  in  severe  epidemics  and  in 
bad  cases  both  anul  and  vesical  sphincters  are  said  lo  be  palsied.  Reten- 
tion of  urine  is  more  common.  Sexual  power  is  cnfeeblwl  or  lost.  In 
none  of  the  accounts  is  mention  made  of  the  aims,  save  as  being  occasion- 
ally  tremulous.  Cutaneous  iiffections  such  as  urtiniria  and  broim'ng  are 
occasionally  observed.  The  mind,  speech,  and  pupils  invariably  escape 
anfl  the  p.itit-rit  has  no  sense  uf  illness. 

Diagnosis.  —  The  only  disease  which  simuhttes  lathyrism  at  all 
closely,  is  Krb's  syphilitic  spinal  palsy.  The  epidemic  occurrence  of 
lathyrism,  and  probably  the  al>sence  of  all   syphilitic  antecedents,  will 

ice  for  distinction.  In  cose  of  doubt  the  grain  may  be  tested  on 
animals. 

Prognosis  seems  to  be  more  favourable  than  in  the  two  former  kinds 
of  grain  poisoning.  If  the  diet  be  changeil  Ixifore  the  cord  has  become 
deeply  disorgitnised,  recovery  may  l:>e  anticipated. 

Treatment  at  present  consists  only  in  this  change  of  diet  and  in 
refnnu  of  other  adverse  conditions  of  life. 

Domestic  animals  are  liable  to  lathyrism.  Some  authors  assert  thjtt 
animals  have  been  fed  in    vain  on  the  pulse,   no   morbid  consequences 


90O 


SYSTEM  OF  MEDICINE 


having  folloved.     In  other  epidemics  tho  domestic  animats  hare 
distinctly  enough,  sometimes  before  the  discuso  was  nutud  in  men    Swi 
fed  oti  the  pidso  become  paralysed,  and  often  show  spAsms :  in  an 
herb:il  it  is  stated  tbit  these  uuimaU  fed  on  the  meal  lost  the  iiaeiil 
hind  limbs  but  grew  very  fat.     Sbecp  and  cattle  do  not  ap|Mar  \a 
affected. 

There  can  nu  longer  be  any  doubt  that  lathyri^m  iu  faonnnMif  W 
imliiced  by  feeding  them  on  liithyrus;  ami  these  cases  are  of  BaA 
interest  from  a  piLthological  point  of  ^icw  (57,  58).  The  horw  pre»nt»i 
Bci-ies  uf  s\'mpttimd  diifercnt  from  tbit  of  man,  which  may  aorount  fortki 
discrepancy  of  tho  accounts  of  the  susceptibility  of  animaU.  In  lU*  \atm 
the  heiirt  and  respiration  are  chiefly  affected  and  the  hir)'nx  ei])edallir 
so  that  the  aniniiil  stands  with  stretehed-fiiit  ne<;k  striving  against  tk_ 
asphyxia  which  soon  destroys  him.  Often  the  horses  appe;ired  qiiii 
wlien  at  rest»  but  during  work  they  took  to  roaring,  became  dyspmnc 
sometimes  suddenly  foil  down  dead.  Ctianging  the  diet  arrest* 
malady,  und  tracheotomy  prevents  the  sudden  death. 

After  death  the  miischief  is  found  mainly  in  the  colls  of  thv 
horns  of  tho  cord,  which  ar«  diminished  in  numb(*r  and  ;< 
is  also  thrombosis  of  tho  small  arteries.    The  arteries  ar»-  i  i 

heart   presents  signs  of  fatty  change,  and  so  likewise  do  cho  lotrincr 
muscles  of  tho  larynx. 

If  on  earefiil  repetition  of  these  observations  the  results  are  found  to 
be  constant,  and  to  Imj  attributable  to  the  puUe,  they  may  indicate  that  l^ 
nervous  mischief  is  not  primary,  but  consefpient  upon  vascular  le*ioQ» 
Tbroml>osis  is  mentioned  in  the  accounts  of  the  spinal  lesjonu  in  mui 
If  thi.s  Iie  correct  it  would  suggest  a  similarity  of  liciion  between  th^ 
lathyric  and  the  eriiotic  poisoning,  in  the  former  of  which,  as  wo 
seen,  uoagidations  are  formed  in  the  smaller  arteries. 

T.  C.  ALLBm 
\\\  E.  Ducox 
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By  H.  D.  RoLLESTO.^,  M.D.,  F.R.C.P. 

In  this  arHcle.  referettfc  is  Jirni  mad^  ift  thr  phi/stolopkaf  admi  of  alcohol.  A 
fetv  remarks  are  then  irtmU  on  the  raiious  common  alcohUic  drinks.  The 
])htiunneiia  of  drunkrnnees  and  of  actUe  nlc4dudic  poigonitif/  are  hrirjiy 
de«ribed.  Cfirouir  aMidism  w  n«rf  de4iU  xoilh  ;  and^  laMly^  an  accmtnt 
u  ^tfen  0/  dt^lirium  frenwns. 

Ethyl  Alcohol  (C^H^HO)  is  the  member  of  the  alcohoHc  series  found  in 
wines  and  good  epirits.  When  alcohol  is  obtained  directly  from  su^'ar 
ethyl  alcohol  in  formed  alone;  Ijut  when  indirectly^  l>y  trunsformation  of 
itarch  into  sngar,  some  amyl  alcohol  (CjHjiHO)  (in  the  fiwel  oil)  always 
rs  with  it. 
Absolute  alcohol  contains  not  less  than  99  per  cent  by   weight  of 
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alcohol,  and  not  more  than  1  per  coiit  of  water,  has  a  specific 
0-793  at  60°  F.,    unci  boils  at  TrtH'.  (173-6^  R). 

Jiectifieci  spirit  contains  10  per  cent  of  water.     The  Spirits  ■sirr.r.fnjj 
Ascertainment)  Act.  1818  (58  fieo.  III.  c.  25),  defines  "  Pnx'i  i 

))e  that  which,  at  the  t.emi)«nitnre  of  TjI'  Fahrenheit,  »'ei{ijhp  ; :  jun' 
an  equal  mwisnrc  of  distilled  wat<»r.      A  gallon  of  proof  spirit  coal 
appi*oxiinately,  •''O  per  cent  of  alcohol  by  wai^bt.     (Spirit  abore 
when  ignitetl   firoa  gunpowder  ;  spirit   under  proof  doe»   not,)      Kt« 
additional  0'5  per  cent  of  absolute  alcohol  above  092  is  said  to  tie 
degi*ee  alxive  proof  (29).     According  to  the  American  Mandord, 
spirit  contains  kl'l  per  cent  of  alcohol  by  weight. 

Physiological  Action. — It  is  important  to  differentiate,  if  iioaiiWf. 
between  the  purely  physiological  effe«tfi  on  the  one  hand,  and  it* 
pathological  effects  on  the  other.  From  want  of  this,  crml 
statements  have  boon  made  as  to  the  physiological  pffectA  of  alcol 

MelahAimx. — Very  divergent  opinions  hjive  been  oxpresswl  as  Vt 
effect  of  alcohol  on  metjibolisfin,  probably  Itecaiise  it  is  dithmlt  to  drM 
hard  and  fast  line  between  the  effect  of  very  small  amounts,  whi 
serve  as  food,  ami  that  of  larger  ({uantitiee,  which  act  i\?>  a  prolfr 
plusmic  poison  and  diminish  metabolism.  Since  it  undergoes  ojridabou. 
alcohol  protects  the  fats  of  the  body  from  eombustion  ;  in  fart  Atw»a<r 
foni\d  that  it  is  practically  as  efficient  in  this  respect  as  the  fau  ud 
carbohydrates  of  food.  The  use  of  alcoholic  drinks,  esficciidly  \A  tboN 
containing  sugar,  such  as  bcor  and  porter,  leads  to  jui  increase  in  iW 
amount  of  budily  fat  ;  usually  this  increase  is  uniformly  distribaUtd  onr 
the  body,  but  not  invariaiily  ;  thus  tho  diffuse  li|)onuiS,  the  motl  dbIeiiI 
examples  of  which  are  seen  in  the  neck,  have  a  dchnite  relation  toateobi^ 
excess.  While  it  has  now  been  shewn  that  alcohol  is  a  protcid-sponrr, 
sometimes  fails  to  have  this  action ;  it  is  not  improbable  that  in 
unaccustomed  to  alcohol  there  is  at  first  a  temporary  inerwue  of 
disintegration  of  pi-oteid,  but  that  the  organism  soon  adapts  it«eU 
aleolml,  so  that  the  katabolic  change  of  proteid  ceases  ami  the  tmtrit 
effect  of  alcohol  comes  into  pbiy.  Though  it  is  not  aljsolutely  pnn 
alcohol  probably  contributes  its  share  to  muscular  work.  Small  qtiant-il 
increjise  the  output  of  work  done  for  a  lime,  but  as  the  slimuUtuig 
passes  away  the  capacity  for  work  falls  considerably  ;  its  action 
consists  in  bringing  out  the  reserve  powers  for  a  short  effort,  imd  not 
restoring  or  husbanding  sources  of  energy.  The  ex|>erience  i 
long  marches  of  troof»s  is  that  the  use  of  alcohol  tends  to  d. 
total  amount  of  work  rlone.  It  may  enable  a  man  *'  to  spnrt, '  birt 
"  to  stay."     It  is  dissipative  rather  than  conservative  of  energy. 

DigeMire  System, — In  the  mouth  alcohol   gives   rise  to  a  fvelif^j 
warmth  and,   reflexly,   to  a  flow  of  saliva.     In  n  sinnlar  m;uuicr 
thought  that  it  may  dilate  the  ve&scis  of  the  brain,  thereby  stiruuLil 
(Bninton).     In  thf  ahmaeh  the  vessels  becomH  dilated  and,  reff< 
secretion  of  the  gastric  juice  is  increased,  with  a  rise  in  the 
pepsin  and  hydrochloric  acid.     Alcohol,  unlike  water,  is  mpidly  a1 
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jfrom  the  stomach,  and,  reachiug  the  stomach  again  through  the  blood- 

IvosseU,  indirectly  stimulates  socretion.     On  the  other  hand,  the  presence 

|o{  large  amounts  of  alcohol  retards  gastric  digestion  ;  some  wines,  such  as 

«herry,  exert  this  inhibitoiy  effect  in  virtue  of  their  solid  constitueuU 

*nd  not  of  the  contained  alcohol.    On  the  whole,  it  appears  that  in  normal 

conditions,  gastnc  digestion  in  its  entirety  may  not  l>e  materially  moditied 

(by  the  iiitHKliiction  of  alcoholic  fluids  with  the  food  (Chittenden).     The 

presence  of  alcohol  or  of  alcoholic  liquors  hinders  artificial  digestion. 

j        Circtdaiory  Stfstrnu — Alcohol  is  rapidly  absorhod  unchanged  into  the 

i|blood,  and  may  be  <l(jtecte<l  there  for  several  hours.     It  can  |KiSH  from 

![lhe  maternal  into  the    foetal    blood.      Expcriraentidly,    alcohol    rapidly 

lincreasee  the  viscosity  of  the  blood,  and  so  incrcjLses  the  work  of  the  heart 

(Hurton-Opitz).      It  dimininhes   phiigtM*3'toais.      Tn  hwdlhy  persons  siiiall 

Idoees  of  alcohol  or  of  alcoholic  drinks  tisually  pro<luce  no  alteration  in 

'  the  pulse-rale,  provide<l  that  local  irritiition  in  the  month  and  stomach  and 

other  factors,  such  as  the  effect  of  menud  excitement  and  movement,  are 

iob\-iafed.     In  the  same  circumstances  alcohol  has  no  effect  on  the  h(;Hit 

and  is  not  a  circulatory  stimidant ;  but,  as  the  result  of  local  irritation  of 

the  mucous  mendiiane  of  the  month  and  stomach,  the  heart  may  retlexly 

beat  more  fonibly  and  more  rapidly,  this  is  commonly  believed  to  be  the 

,  action  of  alcohol  on  the  heart.     As  these  efTecta  pass  off,  the  heart  beats 

lejw   i>o\vcrfuIIy   and    tnoi*e   slowly.     It   is  often  stated   that   there   is  a 

transient  rise  of  bhiod-pressuro,  followed  bj-  a  more  prolongeil  fall,  bnt  it 

appeal's  that  in  mwierate  amounts  alcohol  has  no  appreciable  effect  on 

arterial  bloo<l-pressiuc :  when  any  chiinge  does  occur,  it  is  alwa3'H  tn  the 

direction  of  a  fall,  never  of  a  rise.     Large  doses  give  rise  to  a  fall,  due 

to  the  <leprcssing  action  of  alcohol  on  the  centnd  nervous  system  und  on 

the  heart  (Abel).     The  jjeripheral  lilood-vessels  are  usually  dilated  and 

thns  the  familiar  flushing  of  the  face  is  producwl. 

Temperahttr. — As  a  result  of  the  dilatation  of  the  peripheral  vessels, 
and  the  large  amount  of  blood  passing  through  the  cutaneous  arKH,  the  lo.«s 
of  heat  by  radiation  and  convection  is  gi'catly  increased.  This  lends  to  a 
compensatory  increased  production  of  heat  by  the  tissues  ;  further,  alcohol 
is  oxidised  and  gives  rise  to  heat-production,  one  gramme  prodncing  seven 
calories  of  he-at.  The  outcome  of  the  effect  of  alcohol  is  in  the  direction 
of  lowering  the  temperature,  and  when  largo  quantities  are  taken  this  may 
be  extremely  marked.  Hut  here  again  it  is  imiwrtant  (o  remember  the 
distinction  between  the  physiologicJil  and  the  toxic  elfects  of  alcohol. 
Atwater  has  shewn  tliat,  when  given  in  such  small  doses  that  the  vusaeU 
of  the  skin  are  not  dilated,  alcohol  causes  no  considerable  increase  in  the 
amount  of  heat  radiated  from  the  Ijody. 

Hfupiriit&ry  St/gtetn. — Alcohol  is  a  respiratory  stimulant  and  increases 
the  volume  of  air  passing  through  the  hmgs  and  the  absoqdion  of  oxygen  ; 
these  eflccts  arc  more  readily  produced  by  alcoholic  bcvenigis  rnntaining 
BtitniJating  esters  than  by  pure  alcohol,  and  are  more  marked  in  tired 
than  in  normal  jwrsons.  The  increased  absor(>tion  of  oxygen  is  regarded 
by  Singer  as  the  resi>onse  to  the  <lcmand  created  by  the  increased  oxidation- 
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proctissuB  in  tho  tissues  which  conipoiisat«  for  the  mcreasod  Iom  of  boL 
Cotitradictory  BtAtemcnts  have  been  made  about  the  ctfwt  of  aloohd  « 
tht»  output  of  cMrl>oiiic  acid  gas,  but  it  api>ear&  (hat,  like  ordiiiarjr  (oodi; 
increases  tbu  amount  exhaled. 

i'entml  Nervous  Si/stnn. — Alcohol  hai?  first  of  aJl  an  inditrct  effr'- 
its  action  on  the  circulation  it  supplies  the  brain  and  ^spinal  en; 
more  blood  and  so  should  increase  their  activity :  it  acts,  how* ' 
on   tho  nerve-cells  as  a  functional   poison.     After  a  small 
alcuhul  there  is  ii  subjective  sensation  of  greater  effieiency  ;  Uit 
fallacifjiis,  aufl  is  duo  to  failure  of  intellectual  judgment.     Knc  , 
experiments  shew  that  the  simple  reaction- f>eriod  is  temporarily  accel' 
and  then  prolonged  after  alcohol ;  but  that  a  complex  reaction,  m 
an  iiAsuciation  of  iJeiis  is  involved,  is  observed  from  the  firstv    'Hi- 
of  alcohol  on  the  higher  centres  is,   therefore,  depressing.     'Hn- 
centres  connected  with   mental  activity  sutler  tirst ;  after  th«*  n: 
the  cerebellum  and  cord  ai*e  aCfcctcd,  and  last  of  all  the  automaliL-  r- 1  - 
in    the    medulla    controlling    the    vasomotor,    i-espiratory,    ami 
movomenta  bocome  paralysed. 

PhyainlogicAU   Jmounl. — Tho  amount  of  alcohol  which  cur   T 
daily  for  long  periods  without  producing  any  pHlhologicil   r4 
of  course,  with  the  age,  suiTounding  coridiiiuns,  and  idi" 
individmd.     From  experiments  on  soldiers  Parkes  and 
to  the  conclusion  that  one  und  it  h:ilf  uimces  of  ab(w:ilut«  alcohol  >« 
physiological  amount.    But  since  then  general  opinion  has  come  i"     . 
one  ounce  as  the  limit  for  tlie  average  pereon.    Great  dilVennices,  b" 
exist  in  different  individuals,  and  it  would  not  bo  safe  to  regard  evau  ^\u^ 
amount  as  univtiraally  harmless. 

Strictly  speaking,  alcohol  must  bo   considered  as  a  food  i>incr  it 
oxifiised  and  provides  energy,  but  it  is  not  a  complete  food  as  it  don 
build  up  or  repair  tissues  ;  it  is  a  very  expensive  form  of  footl,  and, 
imi>ortant  of  all,  its  toxic  properties  so  far  outweigh  it«  nutritive 
that  for  ptiK'tical  jiurposes  it  catmot  rank  with  other  foo<ls.     There  i 
iloubt  lh:it  hudthy  and  young  people  are  better  withoutLaicohtllic  dn 
even   mtMler.ite  amounts   often   lead   to  excess    in   the   young.     A» 
lulv.mces  alcoholic   leverages  may  l»e   uficfut   and   the  same  is  tnie 
regaitl  to  disease,  but  not  to  the  extent  that  is  often  praetisiMi  even  n 

£UmituUivn  of  .-ilcohol. — Moderate  amoanta  of  alcohol  Jire  oxidiud 
the  boily  in  the  &amo  way  as  car Ujhyd rates ;  from  9ri  to  98  per 
usod  up  in  the  body,  and  paeses  off  as  carbonic  acid  gu  and  m 
Alcohol  ia  nipiilly  ab.sorbe<l  unchunged  from  the  alimentary  canal  so 
none  is  fountl  in  tho  {ioiea.  Bin/,  estimated  that  of  2'U  }ter  cent  lea 
the  body  IS  escaped  by  the  lungs,  117  by  the  kidneys,  ;ind  U 
skin.  Alcohol  is  a  somewhat  feeble  diuretic,  the  niarkt<d  elfecl  of 
liquors,  such  as  gin,  being  duo  to  other  constituents. 
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Alcohol  bv  weight  in  VARiors  Liquors  (from  Atwatkr) 


CUrct 

4;enu)«n,  Rhine.  Mo- 
bile 
Port 

Sherry  . 
Mulatrm  . 
M*rsa]ii  . 
Mal&^  . 
Cliampague 
Tokay 


lUngr. 

AvcTvgr. 

per  cMit. 

pwcoot 

«-12 

10 

7-12 

8-6 

lrt-18 

17 

16-20 

17-5 

IB. 16 

15-4 

11-24 

16 

9-14 

12 

s-n 

10 

7-15 

10 

Brandy,        Cognnc, 

from  wlnu 
Bnuidy  fruni  ipihL 
Gin 

Whuky  . 
Rum 

BenodiatiliA 
Chartrouue 

Al>sintlic 


R«ti|{K    I  Av^nii^. 


per  e*uU 

40-60 
86-42 
20-10 
36-43 
40.80 


pvmnt. 


Alcoholic  Liquors. — The  etiect  of  alcoholic  hevera^i^  is  partly  due  lo 
the  etbyl  alcohol  thoy  contain,  ami  partly  to  the  presence  of  additional 
boilit;d.  Sugar  and  dextrin  may  be  useful  as  foods,  while  the  estors  (or 
coiu{HJUnd  othei-B)  and  s.'ilt«  nuiy  1>e  of  use  in  fiirth<>ring  the  procoBses  of 
digestion  ;  and  again,  other  members  of  the  akoholic  series — amyl,  butyl^ 
and  propyl  alcohols — furfurol,  and  definite  adulterations,  when  present, 
may  exert  a  decide<lly  toxic  action  ;  art  that  a  dose  of  such  a  fluid  may 
be  more  deleterious  than  the  same  amount  of  alcohol.  The  etl'ccts  of 
alcoholic  beverages  do  not  therefore  conespond  exactly  with  those  of 
alcohol.      Alcoholic  l>everage8  may  be  considered  as ; — 

(i.)  Beer,  jwrter,  cider,  etc  ;  (ii.)  wines ;  (iii.)  spirits ;  (iv.)  linueurs ; 
and  (v.)  other  alcoholic  and  allied  liquids  taken  purely  to  jtroduce 
intoxication. 

(i.)  Bur,  Porter^  Cidtr^  ek\ — Knglish  beer  contains  about  0  per  cent  by 
weight  of  alcohol,  besides  extractives,  salt,  sugar,  dextrin,  lactic  acid,  and 
lupulin,  the  :ictive  principle  of  hops,  Lupulin  exerte  a  depi^Bsing  action 
on  the  nervous  syett^m,  producing  sleep.  Stout  and  porter  contain  caramel, 
lo  which  their  colour  is  mainly  due. 

Sweet  cider  contains  alxiut  3  per  cent  of  sugar,  and  readily  undergoes 
fermentation,  becoming  changed  into  rough  or  hard  cider.  There  is 
danger  that  during  fermentAtion  the  process  may  go  on  to  the  proiluciion 
of  acetic  acid  and  render  it  sour.  Sour  cidei'  may  set  up  colic,  diairha-a, 
and  intestinal  disttuhinces.  Cider  contAins  malic  acid ;  hence  if  it  !>« 
allowed  to  act  on  lea<.l  some  of  the  metal  is  disBolve<] :  le;td  poisoning,  as 
pointed  out  by  Sir  George  Baker  in  1767,  may  thus  bo  set  up.  The 
good  offects  of  cider  in  gout  have  been  ascribed  to  the  acid  malates  in  it. 
Cider  contains  from  1  to  8  per  cent  by  weight  of  alcoiiol.  Peiry,  like 
cider,  is  allied  to  wine  rather  than  lo  beer. 

Tliese  liquors  may  give  rise  to  dyspepsia,  but  not  in  nearly  so  marked 
a  degree  as  the  more  concentrated  spirits ;  witli  the  exception  of  fully 
fermented  or  rough  cider,  they  are  undoubtedly  a  prolific  source  of 
gout. 


9o6 


SYSTEM  OF  MEDICINE 


unir 


Beer  has  been  adulterated  iu  many  ways.  Picric  add,  irtiji 
quasflin,  juid  chiretta  luive  l>een  ushI  inste»d  of  the  hop-bilters,  Cocniiu 
iudicua,  which  contaitie  the  neutral  principle  picroloariii.  is  probfthly  widiiii 
for  the  same  reason.  Opium,  for  its  narcotic  ott'octs,  salt,  prrsiimalilj- 
increase  thirst,  and  8u]icylic  acid,  ua  a  prcsen'ative,  have  lieeii  ;ii](li 
Arsenic  may  gain  an  entrance  iJito  beer  in  the  process  of  its  prod 
and  ^vc  rise  to  epidemic  arHeuical  poisoning.  In  the  oulhreft*  of 
arseiiit'ai  poiiM>ning  in  becrdntilvors  in  the  North  of  England  and  Midline 
Couutios  ill  1900  1901,  the  sugars  ii&cd  in  the  process  of  brewing  contaned 
ai*seiiic.  It  wjih  8hewn  that  the  source  of  the  arsenic  w}u  the  sulphttrii 
acid  employeti  in  the  production  of  the  sugars,  and  that  it  was  ouiir 
from  the  Spanish  pyrites,  which  often  contains  a  Urge  percenU^ 
arsfuiir  [IteynoUls]. 

(ii.)  li'in^s  are  obtainetl  from  tho  fermented  juice  of  the  grape.  W 
all  the  gluuose  becomes  changed  into  alcohol  the  wine  is  called  "drr 
if  some  sugar  remain  the  wine  is  eallcxl  sweet.  Tho  "body"  of  a 
deixttids  on  the  amount  and  blending  of  the  solids  (sugar  and  exttactiTtfk 
By  the  term  "  bouquet "  is  meant  the  porf iimu  to  the  uoee  ;  and  *if 
"aroma"  the  effect  on  the  postei-ior  naros  when  the  wine  is  on  the  (wk 
of  the  tongue.  The  boiiquct  and  an^ma  are  both  due  to  th«  ouupuiuid 
ethers  and  aldehydes.  The  maturing  of  win©  is  the  process  of  dpirpJ 
ment  of  these  ethers.  Roughness  is  duo  to  tannic  acid,  of  which 
wines  contain  far  more  than  white. 

Natural  wines  conUiin  5  to  It  per  cent  of  alcohol ;   \\  j*er  cent 
alcohol  in  a  solution  8to(>s  the  fermentation  of  sugar,  so  if  a  higher 
eentage  of  alcohol  be   found,   it   is  due   to   the   snlisequent  additi<itt 
alcohol.     Wines,  such  as  Port,  Sherry,  and  Ma^leira,  to  which  8pirit 
Ituen  added,  are  said  to  be  furtilitxl  or  braiiflied. 

White  wnos  are  made  from  white  grapes,  or  from  red  gmpes 
skins  of  which  have  not  been  left  in  the  fermenting  juice  or  "nrast" 
the  case  of  red  wine.s  the  skins  of  purplo  grapes  remain  in  the  must. 

Sparkling  wines  have  this  quality  in  virtue  of  the  carl>unic  acid,  f(mDe<l 
during  feraientrttion,  which  is  retainwl  in  them:  jis  in  ('ham 
8|)arkling  Hock.     Some  sugar  is  usnalty  added  to  Champagne 
finally  bottled  for  the  market. 

The  colouring  matter  of  wines  is  precipitated  in   the  emit; 
wines  become  lighter  in  colotir  on  keeping. 

Cfmditiunils  of  H'ines.—Aitev  alcohol  the  most  important 
wines  are  the  acids,  the  amount  of  sugar,  ami  the  ethers. 

Wine  contains  some  glycerin.    The  juice  of  the  gnipc  dooa  not  co 
tannic  acid,  which   is  obuiined  from  the  -nkins  and   the  pips.     Slalie 
tartaric  acids  are  found  in  the  juice.     Clarets,  Bordejuix,  and  Hun 
wines  contain  tannic  aciil ;  Hocks,  ^foselle,  and  Chablis  are  acid  frumi 
prtisenoe  of  tartaric  acid,  and  do  not  contain  any  tanruc  acid.     In 
wine  the  amount  of  acid  should  not  exceed  '5  per  cent.     The  acids  t 
the  alcohol,  and   thus  lead  to  the  formation  of  ethers.     Acid  wiiii 
keeping  deposit  a  crust  of  acid  tartrate  of  potassium,  tAnnin.  and 


ratters  which  is  at  first  copiotis ;  subsequently  it  becomes  scanty, 
jind  then,  when  floating;  in  the  wine,  is  kno^vn  as  *' beeswing"  In  luidi- 
tion  to  ftcifl  tarlrate  of  j>otaftsium  wine  coritAina  tjirtrate»  of  sixlium  and 
calcinni.  In  France  red  wine  is  frequently  "plastered"  by  the  addition 
of  potiifisium  sulphiiLe,  and  Lancereaux  suggested  that  this  was  an  im- 
portant factor  in  the  production  of  hejiatic  cirrhosis.  By  thp  i/»  tpiffi- 
(1901)  the  amount  of  sulphate  of  potash  allowed  to  be  added  to  wine 
was  re.Htricte<l  to  two  j^'-'inmies  per  litre. 

In  natural  wines  ;tll  the  sugar  may  be  transformed  into  alcohol^ 
in  fortified  wines  the  added  spirit  checks  fenndntiilion,  so  that  the 
sugar  remains  unchanged.  Sweet  or  liqueur  wines,  such  as  Tokay. 
MiUagiiy  Constfintia,  and  Tent,  contain  a  large  amount  (20  per  cent)  of 
mgfur.  Sometimes,  on  keeping,  these  wines  become  ropy  from  the  sug^ir 
fennentin^  into  a  form  of  mucilage. 

The  following  classification  is  Sir  A.  Garrod's  -.^{u)  Spirituous  wines, 
containing  a  considerable  qiuintity  of  sacoharine  or  unfermentwl  niatl<M*, 
«id  an  amount  of  alcohol,  usnally  above  15  per  cent  by  weight.  Tlio 
chief  wines  in  this  claas  are  Port,  Sherry,  Madeira,  Marsala ;  (/')  Liqueur 
wines,  containing  much  sug-ar — Tokay,  Mahiga,  Tent,  Constantia,  etc, 
the  higher  Sautornes ;  percentiige  of  alcohol  between  that  of  the  Ist  and 
3rd  classes ;  ic)  Acidulous  wines,  rich  in  acid  tartrate  of  potash  ;  alcohol 
not  much  above  10  jK'r  cent  («)  With  Uinnin  and  coloiuing  matters — - 
Clarets  or  red  Eordeiiux  wines ;  refl  Burgimdies  and  Hungarian  wines. 
(/9)  Without  tannin  or  colouring  matters — Hocks,  Moselle,  Chablis,  and 
the  light  drj'  Kiutemes.  (d)  Effervescing  wines,  containing  luifermeiited 
matter  and  freu  wirbonic  acid — Champagne,  sparkling  Hock,  MoscUe,  and 
sparkling  Burgundy. 

(iii.)  Sjtinls. — Whisky-,  gin,  rum,  and  brandy  contain  alcohol  in  con- 
siderable amount,  water,  and  the  conqKJund  ether's  to  which  their  cltanic- 
teristics  are  due.  There  is  a  little  sugar  in  gin,  but  none  in  the  others. 
Spirits,  from  the  large  amount  of  alcohol  in  them,  produce  more  marked 
dyspepsia  than  l)eor,  but  have  mtich  less  tendency  to  set  up  gout. 

While  the  concentration  of  the  alcoholic  drink  is  the  ini])ortjint  factor 
in  the  development  of  symptoms  connecteii  with  the  alimentary  canal, 
the  total  amount  of  alcohol — whether  it  Iw  txikon  as  wine,  lieer,  or  spirits 
— is  the  important  factor  in  determining  nervous  symptoms. 

AVhisky  (sp.  gravity  '915)  contains  about  40  per  cent  of  alcohol.  It 
is  obtained  from  malted  grain,  usually  liarley,  and  contains  some  amyl 
alcohol,  which  is  said — though  on  this  point  there  is  some  difference  of 
opinion — to  disappear  in  the  process  of  mellowing  and  to  lie  converted 
into  esters.  It  has  recently  been  stated  that  the  bad  effects,  such  as  heiul- 
ache,  formerlj'  iiscribed  to  amyl  alcohol  are  <lue  to  aldehydes,  and  especially 
to  fiu-furol.  Whisky  shuulil  always  1h3  kept  for  at  least  two  yeai-a  to 
enable  it  to  mellow  and  lose  the  unpleasant  taste  it  has  when  new. 
rKtring  the  process  of  keeping  its  alcoholic  strength  diminishes.  Originally 
almost  colourless,  whisky  gets  its  colour  from  the  sherry  or  othi-r  casks 
in   which   it   is  stored.      It  mav  be  adulteratetl   \vith   methyl   alcohol. 


cTcasote,  etc. ;  and,  besides  cauaing  gastrititi,  it  has  usually  been  crt«^ 

with  a  Hpeicial  aptitude  to  produce  cirrhcxsis  of  the  Uver. 

Ciiii  (Geneva),  Schicdani,  or  Hollands,  is  obtained  by  distill  i 
malted  grain.     It  contains  a  somewhat  varying  amount  of  alcohol 
40  per  cent),  and  a  little  sugar.      It  is  flavoiu^d  with  oil  of  juiui 
which  its  diuretic  action  is  duo.     Gin  may  be  conaidorcd  aa  a  tl;t' 
and  rectilied  vjuiety  of  whisky  ;  it  bus  much  the  taune  effect  sii  v  i 
It  h:u4  been  adulterated  with  sulphuric  acid,  zinc,  Icml,  alum,  and  ca 
When  sweetened  and  diluted  by  the  retailers  gin  is  known  as  gin   ■ 
or  "Old  Tom."     Unlike  whisky,  brandy  and  mm,  it  doee  tiol  iuij-i  ■. 
by  keeping. 

Rum  is  mjtde  by  fermenting  molasses;  its  ftavoiu-  is  due  to  txhf, 
butyrate ;  it  liaa  an  alcoholic  Htrength  of  40  to  80  |M?r  cent;  it*  tWl 
colour  is  duo  to  burnt  sugar. 

liraudy  varies  in  alcoholic  strength  from  40  to  60  per  crnt.  Cog* 
and  the  better  kinds  of  brandy  jire  distilled  from  wine;  ordinju^  U 
is,  however,  often  obtained  from  malt.  The  Havour  is  due  to  ei 
deriviKl  from  the  wine  from  which  it  is  distilled.  It  obtains  its  colnw 
from  the  oak  ciisks  in  which  it  is  stored,  and  sonietimea  from  wkltd 
caramol.  It  may  be  adulterated  with  methyl  and  amyl  alfohoU  b»1i* 
of  zinc,  of  load,  or  of  copper,  salicylic  acid,  and  cayenne.  BrwulT  i» 
supposed  to  be  particularly  apt  to  give  rise  to  delirium  troroens. 

Arrack  is  the  fennented  juice  of  the  cocoa-nut  Lree,  palmynk  asd 
other  ]mlmB ;  common  kinds  are  obtained  from  rice.  The  aJwbftHe 
strength  is  b'2  per  cent.  Hindoos  and  Malays  consume  much  of  iL 
Indian  hemp  is  Kometimos  put  in  to  poison  the  ijriukei'. 

In  Koumiss  and  Kefor,  obtained  from  fenueuted  mares  milk,  s 
fermentation — lactic  and  vinous — takes  place.  The  amount  of 
is  less  than  2  per  cent. 

(iv.)  Liqtuttr.f  are  strong  spirits  sweetened  with  sugar,  flatourcd 
aromatic  substances,  ntid  artiticially  coloured.      Liqueurs  of  BHU^h 
tacture  are  uuiuilly  inferior,  and  are  known  as  cordiahs.     Bitten 
special  kind  of  liqueur  with  tonic  or  medicinal  properties.     Oeni 
the  staple  bitter. 

Cura^i  is  flavoured  with  orange  peel ;  Kirschwaraer  and  M 
with  cherries.  The  flavour  of  Chartreuse  is  complex,  but  is  c 
to  b:ilm  leaves  and  to[)s. 

Absinthe,  of  which  there  are  aevend  varieties,  is  a  bitter  li*j 
is  not  ilruuk  uciit.  as  are  the  other  liiiueurs.  but  well  dilutetl  wi 
It  contains,  t)esjdes  volatile  oils  such  as  cinnamon.  clove&«  pep 
anise,  and  angelica,  only  0*33  per  ctmt  of  the  oil  of  wormwood  {A 
fi/witiMum),  which  is  responsible  for  its  pecidinr  toxic  effect*,  from 
75  per  cent  of  absolute  alcohol,  traces  of  chlorophyl,  and  t-onietimes 
It  has  a  convulsive  action,  stimuhiting  not  only  the  cortei.  thus  ^i 
to  epilepsy,  but  also  the  centrcH  in  the  medulla  ;  according  to  Prof 
the  cord  is  not  aflected  by  absinthe. 

Chronk  Alsinthism, — In  these  cases  there  are  digestive  d 
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kUrst,  emaciatioDf  loas  of  hair,  puU-bcs  of  cuUneoiifi  uniesche&ia  preceded 
by  itching,  treniov,  giddiiiesa,  depression  passing  into  inelant:holy  or 
dcmentiaf  and,  as  already  mentioned,  epileptic  lits  which  vary  diroetly 
Vith  the  amount  of  the  poison  Uiken.  "  Absintheurs "  sutfer  from 
tiHlliicimitiorm  of  hearing  and  sight  (piite  upurt  from  any  condition  like 
delirium  tremens,  und  become  utter  wrecks  physically  iind  morally.  Th« 
•dnig  is  chiefly  dmuk  in  I'an'a,  where  it  tvrs  introtluced  after  Ibe  Algeriiut 
var  of  1844-7  hy  the  soldiers  who,  when  on  senice,  had  l>een  advise<l 
to  mix  absinthe  with  their  wine  as  a  febrifuge. 

(v.)  Otfi^r  Akoholic  and  AUifd  LiqttuU  Eiujfloyril  to  Prodtux  InloxtMtion. 
' — Ether  ifl  occasionally  taken  to  induce  intoxicalioiL     [Fide  p.  974.] 

Women  have  recourse  to  tincture  of  lavender,  eau-dc-cologiie,  and 
even  tootb-wasbes  to  satisfy  their  ci'avings  for  inVjxicutiori ;  and  are  thus 
pjiahled  to  drink  secretly.  Tinctiuu  of  capsicum,  which  has  often  been 
employed  medicinally  to  overcome  drink-cra\*ing,  has  also  itself  been  used 
to  produce  drunkenness.  Jamaica  ginger  wiis  so  cxtetmively  consumed 
in  (Icorgia  (N.  Kerr)  that  it  h.is  been  scheduled  there  as  an  ifitoxicant. 
Its  cHccts  arc  siiid  to  bo  more  deprossing  than  those  of  alcohol  alone. 
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EHolo^j. — The  causes  of  alcoholism  may  be  divisible  into  the  usuflj 
two  headings : — («)  Disposing  causes  include  the  factors  which  iire  inherent 
in  the  in<lividtial  himself,  such  as  a  special  idio8yuci*asy  or  susceptibility  to 
alcohol  due  to  heiediUiry  i^niscH,  and  also  any  acquired  susceptibility  such 
M  may  rcaiilt  from  suu-strokc  or  injuries  to  the  head.  The  influences 
exerted  on  the  {tatient  by  his  surroundings,  profession,  occupiition,  or 
ttnde  are  included  undei*  thici  head.  Hereditary  tnint  may  bo  traced  in 
|ntory  large  proportion  of  alcoholic  cases — it  is  said  in  nearly  a  moiety. 
The  children  of  drunkards  are  extremely  susceptible  to  the  influeiute  of 
alcohol ;  a  quantity  that  would  not  allect  ordinaiy  persons  intoxicates 
them,  and  produces  residta  not  so  readily  seen  in  more  normal  persons. 
The  craving  for  alcohol  seems  to  be  handed  down  to  them,  and  they  take 
to  drink  as  a  duck  to  water.  It  has  been  said  that  when  the  father  has 
been  a  dnmkard  it  is  rather  the  moral  nature  of  the  olTspring  which  is 
altered ;  when  tlie  taint  is  on  the  mother's  side,  that  the  brain  and  nerves 
are  jiarticidarly  !iiibln  to  sufl'er :  the  mother's  influence  is  said  to  be  the 
more  powerful  of  tlie  two.  Drunkenness  not  only  breeds  alcoholic 
tendencies  but  produces  a  decidedly  neurotic  taint  and  a  disposition  to 
insanity ;  conversely,  the  offspring  of  neurotic  or  insane  parents  may  bo 
particularly  su8Leptil)le  to  the  effecls  of  alcohol.  The  influence  uf  heredity, 
therefore,  couriisu  in  an  unstable  <'ondition  of  the  nervous  system,  which 
may  be  due  either  to  drunkenness  or  to  disorder  of  the  nervous  system 
in  the  parents.  Thus  dninkards  beget  ** neuropaths "  or  "degenerates,"' 
and  neuro|»aths  again  ni^y  have  dninken  oflspring.  Dmukeiuiess  has 
been  divided  into  (a)  simple  or  acquired,  and  {b)  complicated  or  patho- 


logical ;  with  the  latter  we  are  now  dealing.  The  effect  erf  akobol  b 
dilTeitsnt  m  the  two  cases  :  a  degenerate  person  suffers  more  8«v«retljrttd 
more  rapidly.  Thus,  ho  is  more  likely  to  die  of  delirium  tremens,  vlaj 
iin  ordinary  drunkard  lives  on,  and  eventually  perhaps  dies  of  cirrhfhu 
the  liver.  Not  only  does  the  Uegenor.ite  person  become  afTected 
and  in  ii  j^reator  degree,  but  the  manifestAtions  are  somewhAt  difllajwil, 
;ind  are  especially  connected  ivith  the  nervons  system.  Inet^jwl  of  tV 
clas^sicul  intoxication,  a  nifiniiical,  melancholic,  or  atiieidal  dnmVen  6; 
follows  a  dcljatieh.  Delirium  tremens  is  more  frequent ;  its  sUge»  m 
more  prolonged,  and  are  raauifested  more  gradually  than  in  onliian 
(Irinkors.  ImpiiUive  drunkenness  or  dipsomania  is  the  result  ui  m 
ht-rcditary  tiiint,  though  it  may  come  on  when  initability  and  Iocs  *i 
inhihilory  power  iu  the  nerve-cells  of  the  cortex  have  Ije«n  acquirrd;  u. 
for  instance,  after  smi-stroke  or  hojid  injuries.  Such  a  ^ulferor.  however 
he;ilthy  the  stttok  of  which,  he  comes,  after  a  blow  on  thr  head  om  oin 
stroke  may  become  extremely  susceptible  to  alcohol ;  just  ait  il  be  wtn 
the  offt^prin^^  of  druiLtuLrds  or  neurotics.  Of  ihu  two  sexes,  mal«  an 
more  often  the  aubjoct  of  alcoholism  than  females.  In  the  ten  yeaneadd 
I'JOl  the  Ufgistrar-LIeneral's  returns  for  England  and  W'ale*  shew  dal 
2G,42G  jtei-sona  (IilmI  from  alcoiiolism  (including  delirium  treraeitfliot 
these  l"),riHI,  or  .59;U  |>er  ccnt^  were  males,  and  10,74.i,  or  40  r^6 
cent,  females.  During  the  same  period  the  dcallis  from  cirrhosis  uf 
liver  were  5rr6  per  cent  males  ami  44*4  per  cent  females.  The 
habit  almost  always  develops  l>efore  the  age  of  35,  and  somewhat 
after  50.  Of  the  total  deaths  from  alcoholism  in  1904  in  England 
Wales  '.)!  f>er  cent,  according  to  Dr.  Tathaiu,  occuried  writliin  "the  w 
ing  period  of  life,"  nz.,  from  '25  to  (J5  yeju^,  whilst  the  pi*t)purlion 
deaths  from  other  causes  within  the  same  limits  of  ago  did  not  exceed  31 
per  cent  of  the  total  at  all  age:». 

The  influence  of  occupation  is  well  marked.  The  liquor  tnfif 
naturally  is  pre-eminent  jis  a  hot-bed  of  intemperance.  Xext,  but  loi^ 
after,  come  trades  necessitating  exposure  to  severe  weather — thoM  <i 
cabmen,  drivers,  night-watchmen,  bargemoo,  and  hawkers.  Suldien  w^ 
domestic  servants  shew  a  considerable  ilegi'ce  of  intemperance.  SKiloTk 
partly  from  force  of  circumstJince^  partly  perhaps  that  their  outdoor  lii» 
countemcts  the  evil  results  of  alcoholic  excess,  are,  as  a  ckss,  eilhtf 
more  temperate  or  \ms  poisoned  than  soldiers.  The  church  bar  the  p^ 
of  honour  in  the  list;  among  the  other   professions  the  t- '  '» 

approach  must  nearly  to  the  ministers  of  religion,  then  otl  :r.f 

array  and  navy,  then  medical  men,  and  then  lawyen*.  Indixir  wt»f* 
lions  have  been  said  to  dispose  to  alcoholism  from  their  diUnees  mJ 
monotony,  and  also  because  the  effects  of  drink  are  not  count«nict<«3  bf 
active  exercise  in  fresh  air. 

Apart  from  direct  inhoritanoe,  the  fiurrouudiugB  of  the  ixnlirkluiL 
convix-iftl  or  niisemble,  and  the  cvamplcof  bis  pnranls  have  a  con«idenl)ii 
influence,  c£f>ecia]ly  in  the  li»wcr  classes  and  in  crowded  populatiopt- 
Kace  may  be  a  factor  of  some  importance    The  Jcwa  are  vexy  tempeatei 
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ably  this,  and  the  care  thoy  take  in  Aolecting  their  food,  To^y  acoount 
for  their  compju-utive  freedom  from  tuberculosis.  The  inhabitants  of  cold 
or  teni[>orate  cuuntrica  are  more  addicted  to  alcoholic  excesses  than  those 
of  the  tropical  climates. 

Increased  prosperity  of  the  coiintr\'  means  an  increased  consumption 
of  alcoholic  liipiors  per  head  of  the  [lupulation  ;  thna  the  consumption  of 
beer  \\cv  head,  which  was  2+^  Imperial  gallons  in  1861,  and  21)'7  in  1903, 
touched  ite  highest  point  in  1874,  ayear  of  great  prosperity,  at  34  j^Tillons. 
In  wines  and  spirils  together  the  couHuniption  per  head  in  1801  was  Ijj 
picita,  in  1875  10;}  pinta,  and  in  1903  7^  pints  ]>er  head. 

(i)  Exciting  causes. — Mental  ilistress,  loss  of  relations,  fiienda,  money, 
or  reputation,  drives  many  a  sol>er  man  to  the  bottle.  The  desire  to 
forget  leads  to  much  drinking,  cfipecially  among  women  ;  and  over-work, 
the  desire  to  tide  over  a  crisis,  worry  and  its  of t^ac company ing  sleoploss- 
new,  social  gatherings,  nay,  even  the  wine  of  the  Eucharist,  may  l«  the 
means  of  awakening  a  dormant  taint  or  of  sowing  the  seeds  of  the  drink 
habit.  Failing  hejilth,  rheumatic  or  other  pitin,  neurulgia,  megrim,  dys- 
pepsia, menstrual  troubles,  or  the  disturbance  of  the  meuop;iuae  may  act 
in  the  same  way.  Taken  fii'st  as  an  anodyne,  the  habit  grows  and  a 
definite  craving  becomes  esUiblished.  Chronic  alcoholism  has  l>eon 
developed  in  a  total  a}>stainer  who  wjis  taking  a  [mtent  tonic  medicine 
which,  imknown  to  him,  contained  alcohol  (17).  Sir  Isambnrd  Owen, 
from  the  daUi  of  the  Collective  Investigation  Ke[K>rt,  estimated  that  one 
in  every  three  of  the  jKipulation  is  liable,  under  appropriate  conditions, 
to  develop  this  morbid  tuste.  The  craving  is  rather  for  the  :ifte  re  fleets 
tlutn  for  the  lesthetic  pleasure  experienced  by  the  palate :  the  taste  of  the 
drink  itself,  indeed,  is  tti  some  drunkards  positively  oHcnsive.  The  means 
employed  may  \yc  pleasant  or  repulsive ;  ex[>ensjve  wines,  raw  spirits,  or 
whatsoever  comes  to  the  hand. 

The  morphine,  cocaine,  and  drink  cniviiigs  are  much  alike ;  from  its 
ubiquity  alcohol  is  the  means  most  commonly  employed,  and  once 
adopted  is  continued. 

ACLTK   ALCOHOUSM 

Drunken  Fit. — The  ordinary  phenomena  of  intoxication  are  too 
faroiliir  to  need  much  description.  As  with  other  poisons  or  drugs,  there 
is  no  constancy  in  the  dose  of  alcohol  which  produces  distinct  r&snlts,  or 
in  the  character  of  these  efl'ccts  in  different  persons.  In  some  persons 
a  small  amount  will  produce  most  marked  and  violent  intoucation ; 
this  is  especially  the  case  when  there  is  jui  hereditary  **  alcoholic 
taint"  Tlie  nervous  system  being  un-stablo  needs  but  little  of  the 
noxious  poison — for  such  it  is  in  these  cases — to  disturb  its  kilance 
and  to  precijutatc  a  eomlition  which  might  l>e  compared  to  temporary 
insanitv.  In  cases  with  a  family  history  of  insanity  the  influence  of  the 
taint  may  shew  itj^elf  in  nmniucal  excitement,  in  a  suicidal  or  homiciflal 
tendency,  or  in  other  imitations  of  n^cognised  mental  disease.  This 
extreme  susceptibility  to  the  influence  of  ulcohol  may  also  depend  on  an 
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atHpiircd  condition  of  nervous  instubility,  mich  as  follows  a  blow  un  lhi>  bad 
or  u  miu>8ti-okc.     Early  in  ordiimry  int'Oxication  a  want  of  aelf-onnini 
becomes  evidunt,  the  silent   man  becomes  confident  And  expAOnTii,  Uie 
bultitually  modest  man  houstful  and  egoistical;  the  rcfitraint  of  reuuw 
removed,  and  free  play  given  to  ihc  expression  of  the  feelings.     \k 
cluuiliiijj;   ol"  the  higher  jjsychical    centres  concerned   with  thutight, 
crimination,  and  the  control  of  the  emotions  advanceg,  it 
to  the  motor  areas ;  incoiirdination  of  idciis  is  succeeded  I  i 

<jf  speech  and  motion.     Sometimes,  however,  the  ordt^r  may  be  rvrmK 
and  H  pei'iion  aj^iiarently  sober  so  Kftig  i\&  he  is  sitting  down,  may  find  m 
getting  up  thiit  lie  is  no  longer  master  of  his  legs,  and  walks  like  %  ntu 
with   advanced    locomotor   ataxia.      These   efTecla  of  alcohol   have  ^itieA 
compared  with  tho8«  of  advancing  mental  disease ;  generul  panUytis  <k 
the   in&ane,  with   its  progressive  disintegration  of  the   nervows  syswa. 
being    imitated    by    temfKirary    intoxication.       Dr.    Maitdaley   dcwri'TP 
driuikenuess  as  a  brief  chronicle  of  the   successive   phases  of  it. 
displayed  iu  a  short  period  of  time.     First  there  is  a  condition  y\i  )-Uh. ' 
lated  energy  ^vith  weakened  self-control}  like  the  mental  excilemeut  vtiicli 
often   precefles  mania ;   then  follow  motor  and  Bensory  dtsorde 
herence  of  i<leas,   uncontrolled  t-xcitement  or  unreasoning  mel 
and,    lastly,   a  condition   of  stupor   which    might   be  called   t«fflponrr 
dementia. 

When  the  full  narcotic  effect  of  alcohol  has  come  about,  the  indivii 
is,  as  it  is  commonly  called,  dead  drunk.      In  this  state  of  alcoholic 
the  vasomotor  centre  is  paralysed,  and,  as  a  result  of  this  injuries  vr 
would  kill  a  sober  man  by  shock  have  com  para  ti\'ely  little  effect  trti 
dnnikard. 

Acute  Alcoholic  Poisoning. — WTicn  a  lai-ge  quantity  of 
taken  at  once — as,  for  instance,  when  a  bottle  of  whisky  or 
drunk  off  for  a  wager — the  effect  may  l>e  so  extreme  that  death  ra 
follows. 

Such  an  event,  however,  is  rare:   it  more  often  hapiietw,  whrW 
quimtity  of  strong  spirit  is  taken,  that  considerable  ooUapee  fn»m 
irniuting  effect  of  the  poison  on  the  stomach  walls  comos  on ;  then, 
absorption  takes  phice,  the  patient  gradually  passes  into  a  state  of  ooitf 
like   that   which    results   when   a   large   qiwntity  of  alcohol   is  tmbf 
gradually.     This  coma  is  due  to  the  narcotic  action  of  alcohol  on 
nerve-cells  of  the  cerebral  hemispheres.     The  unconsciousneM  is  of  Vi 
ing  degree ;  generally  the  patient  can  he  roused  by  porsistentlr  tApi 
the  foruhcyid  (tr  slapping  the  face,  or  by  the  application  of  the  btitt«rr. 
The  limlw  are  Hacciil.  but  tJiere  is  no  difference  between  the  two  sides  "^ 
in  hemiplegia ;  the  skin  may  bo  Hushed  and  somewhat  cyanobed.  bnt^H 
usually  cold  ;  the  pupils  arc  equal  and  generally  dilated.     The  pulse^^ 
full,  and  the  breathing  <leep  and  8ometime«  atertorons.      The  bnwlh  h*» 
liii  alcoholic  odour,  but  little  stress  should  l>e  laid  un  this,  as  ctirebnl 

hiemorrhage  or  epilepsy  may,   of  course,  come  on  after  drinking:  -or 

opium  or  other  narcotic  poisons,  such  as  chloral,  may  have  been  ni; 
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vitK  the  alcohol ;  or  again,  with  the  best  intentions,  friends  or  bystnmlui'S 
may  have  poured  Rome  6timii1iint  into  the  patient's  month  JLft«r  he  began 
%o  be  ill.  Muacular  twitching  or  ^erieml  convulsions  may  occur,  and 
these,  if  often  repeated,  may  lead  to  the  status  epilopticus.  If  this 
occur  the  temperatiu*e  may  rise  until  death  closes  the  scene,  apparently 
from  hyperpyrexia ;  still  niot-e  nii-ely  death,  after  an  epileptic  fit,  may 
occur  quite  suddenly  from  syncope,  with  but  little  pyrexia.  The  occur- 
rence of  convulsions,  howevei-,  is  a  comjNinLtively  infrerjuent  event  in 
•cute  alcoholic  poisoning,  the  ujitiat  course  l>eing  that  of  narcotic  poison- 
ing. The  factors  which  in  certain  co-ses  are  responsible  for  these  epileptic 
manifestations  lu^ — {it)  The  existence  of  ottlinary  epilepsy  in  the  patient 
or  of  an  hereditary  taint ;  here  drinking  is  one  of  many  events  which 
may  precipitate  an  attack.  {/')  The  CDUvidftive  action  of  certain  alcoholic 
drink.s ;  thua,  absinthe  .ind  fnrfurol  (which  is  ftamd  in  spirit  made  From 
rye)  give  rise  to  a  toxic  epilepsy.  Butyl  and  propyl  alcohols  have  a 
fimilar  convuUive  action  on  animals,  whicli  ethyl  or  amyl  alcohols  do  not 


the  exception  to  find  the  temperature  raised  in  alcoholic 
porsoning;  as  a  nde  it  is  depreased^sometinies  to  an  extreme  degree. 
If,  however,  the  individual  Im'  iimred  U\  :ilcohol  the  depi'cssing  eifcct 
on  the  temperature  is  grciitly  diminished  or  absent.  The  coma  may 
gradually  deepen,  iiud  death  from  I>ai7ily8i8  of  tlie  respiratory  centre  occur, 
or  perhaps  the  patient  may  come  round  antl  then  die  somewhat  suddenly. 
In  the  great  majority  of  cases,  however,  approjH'iate  treatment  is  followed 
by  recovery. 

Ih  Methyl  or  woi>d  alcohol  [)roduceH  inloxiciitiori  Kimilar  to  that  of  ethyl 
HBDhol,  but  the  onset  is  slow  and  its  duration  remarkably  prolonged — 
even  for  thive  or  four  days.  Amblyopia  may  follow  a  single  debauch  ; 
changes  occur  in  the  nerve-cells  of  the  retina  and  in  the  ojitic  nerve,  and 
have  been  referred  to  the  action  of  formic  acid  protlnced  by  the  oxidation 
of  methyl  alcohol  in  the  b*»dy. 

J Htn/iuKsui. — With  a  clear  account  of  the  event  there  may  be  little 
doubt :  but  more  often  Ih--  diugnotsis  is  one  of  probability  only,  and  not 
infrequently  it  is  impossible  to  be  ai.>»olutely  sure  of  the  cause  of  coma 
in  a  person  found  in  this  state.  In  such  circumstances  the  ]Mitienl  should 
be  kept  under  careful  snpernsion,  and  not  left  to  sleep  off  a  supposed 
drunken  fit  which  may  eventually  turn  out  to  be  a  state  due  to  gross 
cerebral  lesion. 

Alcoholic  coma  may  have  to  1^  diagnosed  from  poet-epileptic  states, 
from  fracture  of  the  skull,  from  intmcranial  ha'niorrhagc,  from  ])oisoning 
by  narcotic  poisons,  ami  from  the  toxremic  coma  of  diabetes  or  of  uni*mia. 

In  distinguishing  alcoholic  coma  from  iMstpCpileplic  stupor  the  history 
and  the  condition  of  the  tongue  (whether  bitten  or  not)  will  help.  In 
cases  where  drinking  b:ia  brought  on  an  attack  in  an  epileptic  subjects, 
the  condition  is  one  of  epilepsy,  and  not  necessarily  of  alcoholic  poisoning 
— since  a  Hmall  amount  of  stimulant  may  pixxluce  this  result ;  and  the 
treatment  shr>uld  be  directed  accordingly. 
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Fractures  of  the  skull  may  of  course  complicut«  druokonueais  uid 
coma  may  be  duo  to  depressed  hone  or  meningeal  hieinorrbage^ 

In  ceiebrnl  hsemorrhage  and  in  pontine  bt^morrbage,  pia'point  pu^ 
arti  uauHlty  present ;  the  breathing  is  genemlly  stertorous,  but  Um  mti 
stress  roust  not  bo  laid  on  this,  us  it  depends  more  upon  the  doml  postii 
than  nil  the  cause.      If  doubt  still  exist  it  is  wisest  to  wash  the 
out,  and  then  treat  the  case  as  one  of  cerebi'al  ha^morrbuge.     Even  li  tb' 
content*  of  the  stomach  smell  of  alcohol  there  may  still  Iw  an  inincraiiBl 
lesion,  i^inoe  the  excitement  of  a  stimulant  may  be  the  immediate  caoseoi 
cerebral  haMnoiThiige.     The  bladder  if  full  should  be  emptioil.  »*  Mta* 
information  may  be  derived  from  examination  of  the  lunnc.    The  y>' 
of  alcohol  in  the  urine  would  point  to  the  ingestion  of  a  large  ijul  i      , 
and  to  the  stroni;;  probability  that  the  cAse  is  one  of  alcoholic  |joU-:u:i. 
A  considemble  amount  of  albumin  or  sugar  would  *Uif^«t  un*-' 
dial>otic  coma  :  hut  small  (piantities  of  either  may  be  the  renult  oi     i 
cranial  lesions,  and  must  not  be  confidently  reliod  upon  to  jmltaile  Uie 
cause  of  the  sympt<jnis. 

TrtiUiiitni. — III  an  ordinary  eaae  of  drunkeuneas  uo  special  treaCmMil  u 
reipiiied  ;  but  when  there  is  much  stupor^  or  when  comji  is  immiuein. 
the  stomach  should  be  washed  out  by  means  of  u  soft  rubber  tube  uxl 
funnel.  an<l  the  palieiit  roused  by  the  application  of  the  liattrry,  ur 
8Up[>ing  with  wet  towels.  When  sutlitriently  ftwnWc,  strong  coffee  rmy 
be  given,  and  the  i>utient  put  intu  a  warm  bed.  Any  signs  of  coUa^m: 
muHt  l»e  treated  by  hot  applications,  ftiction,  and,  if  need  be,  by  a  by 
dermic  injection  of  liquor  sti-ychninie  or  ether. 

Violent  delirium  or  maniacal  excitement  may  Iw  rapidly  sulxlued' 
the  hvp^idermic  injection  of  aponiorphine,  which  is  followed  by  vi 
and  ;ilso  by  very  considerable   prostration.       ConnUsions,  if  r«cantiiL 
may  be  treated  by  the  careful  inhalation  of  chloroform,  and  rJi.^  rurr  Imi 
dangerous  pyrexia  by  the  cold  pack.     As  recovery  proceeds  u 
retpiire  appropriate  treatment,  which  may  with  advautAge  Ih'^ui  »]iu  * 
sharp  puige. 

Mfrrhui  AiuUomy. — Congestion  and  acute  inflammatinnof  the  ttonttc^ 
which  n\sult  fn:»ra  the  irritating  effect  of  strong  spirit^  may  go  on  to* 
superficial  ulceration,  but  it  does  not  usually  pass  bcyouii  the  oMBixbl 
stage  in  which  the  nuicoiu*  membrane  is  covered  with  ropy  macua. 
intestines  and  oesopbag^is  have  been  described  as  shewing  a 
injection  of  a  bright  red  colour. 

Haemorrhages  in  the  brain  and  lungs  hav6  boen  foumi  in  m 
The  bmin  has  been  described  as  having  a  distinctly  ale-  ' 
this  is  certainly  not  present  in  all  cases.    A*  shown  by  ami 
alcoholic  poisoning  produces  alterations  in  tlie  ncrve-crtlls,  the  pro! 
processes  of  which  undergo  the  moniliform  change,  while  cbromat 
disappearance  of   the   Nis«l  granides  occurs  in  the  ccU-boitu 
changes  are  not  special  to  ulcoholic  intoxication  since  they  occur  in 
conditions. 
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^P  Chronic  Alcoholism 

Chronic  alcoholism  is  the  condition  which  regult«  from  the  toxic 

fts  of  long-contiinied  alcohulic  excesses  on  nil  the  or^jaiis  and  tissues  of 
body,  but  especially  on  the  nervous  and  digestive  systems.  It  does 
ot  include  the  results  of  alcoholic  excess  wlien  fociissed  on  particidnr 
rgaiis — such  as  dementia,  peripheral  neuritis,  or  cirrhosis — hut  is  tho 
ggrcgnte  of  the  symptoms  resulting  from  tho  earlier  or  prelimiiuiry 
tAges  of  these  and  other  morbid  changes.  The  eorisUint  action  of  tho 
oison  leads  to  the  esiablishmcnt  first  of  functional  and  later  of  structural 
Itenitions.  The  fiuictional  and  metabolic  changes  induc'cd  in  the  first 
nstance  by  the  toxic  iietion  uf  nlooholic  bevGragca  lead  to  a  secoiKlary 
uto-intoxication,  so  that  the  disease  known  as  chronic  alcoholism  ia  the 
utcome  of  these  closely  relat^fl  factors. 

From  the  eoutinued  activity  of  the  tcraiicrancc  movement,  and  from 
be  general  belief  that  drinking  habits,  at  any  rate  in  the  upper  and 
aiddle  clasj^et;,  are  nnich  less  Ihiin  in  jjast  time,  it  might  natiindly  Iw 
xpected  that  alcolioliism  would  be  less  frequent.  Data  for  determining 
bu  point  arc  difficult  to  obtain ;  in  so  far  as  tho  deathrato  from  in- 
emperance  is  an  index  of  the  existing  frequency  of  alcoholism,  tliis  is  not 
he  ca«e ;  indeed,  luitil  the  end  of  the  last  century,  the  reverse  held  good, 
rhe  RogiHtrar-General's  returns  show  that  the  death-rate  from  alcoholism 
or  the  (|uinf|ucnnial  perKjiU  since  1866  steadily  increased  from  354  to 
i5*8  per  million  living  in  tho  quinquennium  1896-1900.  Since  then 
■ve  has  been  a  fall,  thus,  though  the  death-rate  per  million  living  in  1901 
M  96,  it  stood  at  84,  76,  70  for  the  years  1902,  1903,  1904.  The 
leath-raie  from  cirrhosis  of  the  hver,  which  is  closely  connected  with 
hat  of  alcoholism,  during  the  siirae  perio<l8  advanced  from  41 '9  (in 
.866-70)  to  134-6  {in  1896-1900),  and  has  fallen  to  117  per  million 
i^-ing  both  in  1903  and  1904.  Dr.  Tathani  points  out  that  while  these 
igures  justify  the  hope  that  there  has  at  any  nite  l»een  no  increase  in  the 
0B8  of  life  due  to  intemperance,  it  would  ha  rash  to  assume  a  subst-iuitial 
mprovement  in  this  direction  until  the  fall  in  the  fatality  of  those  diseases 
hat  are  most  obviously  associate<l  with  this  ha)>it  shall  have  become  more 
)ronoiincod  than  is  at  present  the  cjise.  Tho  uflicial  returns  shew  that 
he  consumption  of  alcoholi<'  drinks  per  head  of  tho  population  in  tho 
Jniteil  Kingdom  has  incre^ised  since  1856  ;  in  that  year  22'6  imperial 
pillons  of  beer  and  1*26  gallons  of  wine  and  spirits  were  consumed  per 
tead  of  the  population  :  in  1903  the  amounts  were  29*7  gallons  and  132 
;aUons.  In  years  of  prosperity  such  as  1874,  when  34  gallons  of  Iteer 
■epreAcnted  the  consumption  per  head,  and  1875,  when  1*8 1  gallons  of 
rine  and  spirits  were  taken,  the  amounts  were  much  higher. 

So  far  as  statistics  go,  therefore,  and  they  must  not  bo  presaod  too 
ar,  there  is  re:ison  to  fear  that  alcoholism,  although  it  appears  to  be 
liminished  in  some  walks  of  life,  is  not  really  less  frequent  in  one  way 
yr  another  than  formerly.     Secret  drinking  may  have  increased,  or  the 


frequent  use  of  "  nips,"  which  (loos  not  bring  aliout  the  ^^n^aer  fonosi 
(h'tiiikenness.     Tlie  increase  of  M^tjahli  and  Iiixiirj*  no  dutibt  Icid*  v< 
largo  use  of  aluohul  aa  an  element  of  "good  liviny."      On  the  oUwr 
the  diminution  of  ordinary  drinking  is  plain  not  only  to  cwjr  hour 
keeper  and  to  every  magistrate  Imt  also  to  the  brewcrie*. 

Morbid   Anatomy. — The  aetion  of  alcohol  ils  a  prutnplofiniic  pnimul 
of  paramount  importjince  and  h  directly  or  iniliretily  respousiUe  fur 
numerotu   nit^rbid   changes  found  in  the  organs  and   ti^^^uvs  of  cfc 
alcoholics.     As  rnonlioned  eUewhere.  si>mo  of  tho  changes  arc  dirpctly 
to  the  toxic  action  of  alcohol,  whilo  others  arc  the  outcome  of  niitii^ 
intoxication  Bet  up  by  alcohol.     The  changes  are  very  varied,  few,  ilaiiy, 
are  special  to  alcoholism  and  only  a  smaU  number  may  bo  ^irtsAcnt  at  tb* 
same  time. 

77//^  Alitiiriiltiry  Cnnai — Clirt>nic  congestion  ami  cat.irrh  of  iho  pharjm 
and  pharyngitis  are  commonly  met  with.  Chronic  n-sophagitiisi  h<u  iwii 
attribut«<l  to  alcoholic  exc<^S5,  and  it  has  l)een  thought  that  dihutjim  ut 
the  veins  at  the  lo\V(<r  end  of  the  atsophagus  may  be  due  to  jilcuhul  vml 
in  tho  absence  of  ]K)rtal  obstruction  and  cirrhosis. 

Alcoholism  is  a  freijuent  cause  of  cliionic  gastritis ;  the  mucous  Drra 
brane    becomes   thickened    ami    libt'oaeH,    and   shews    ficsiltor»-d   atva*  "t 
pigmentation,  more  ©s|)efrijdly  in  the  region  of  the  pylorus,  duo  tc  . 
congestion.       The   gastric   glands    undergo    degenerative    chjin;:>  • 
eventually  atrophy.      In  beor-drinkers  the  stomach  may  be  greatly 
Acute  gastritis  or,  in  mro  cases,  purulent  gastritis  may  1>e  prodii    • 
infection   supervening  in   an  organ,   the  resistance    of  which    ha-   '■ 
reduced  by  alcohol.     Oral  so|)siK  is  often  an  imi>ortdiit  factor  in  tbne 
cases. 

Chronic  congestion  levuling  on  to  catarrh  is  common  in  the  intcslioMi 
but  there  are  no  very  manifest  nake<l-eye  losions  in  the  intestinns  dt 
due  to  alcoholism.     Piles,  due  to  former  constipation,  may  be  madu 
bleed,  and  may  l)ecomo  extivmely  irritJiblc  after  alcohol  h;is  lK>en  takt 

Chronic  panciv^ilitis  with  or  withfiut  hnjwtic  cirrliosia,  uuiy  bo  can 
by  alcoholism.  It  is  probable  that  du<Klenal  catjirrh  may  spreiwl  into  ti« 
pancro.'itic  duct  and  fio  set  up  chronic  inllamimitory  changes  in  thu  gUftii- 
There  is  reason  to  l>elieve  that  alcoholism  commonly  iaducea  glyeotora 
and  may  cause  diabetes. 

Lir*'r.  —The  common  change  found  in  the  liver  in  clironic  alcohulil 
is  a  dopasititm  of  fat  in  the  hepatic  celts  which  may  letLd  to  conMi 
enlargement  of  tho  oryan.  The  change  fonnerly  spoken  of  a» 
degeneration  is  prolubjy  ;i  jmthological  fatty  intiltnition  brought  alMiut 
toxic  action,  the  vitality  of  the  cells  being  lowerwl  and  <leiHV*ilion  «tfl 
thus  favoured.  Tlie  most  striking  ciiange  in  the  liver  of  chrtmic  alcol 
is  multitobnlAr  or  jKirtal  cirrhosis.  Tho  rare  hyportr'>phic  biliiuT  rirrl 
or  Hanoi's  disease  has  uo  special  relation  to  alcoholism.  From  the  faill 
to  pntduce  hepatic  cirrhosis  in  animals  by  tho  adminisLnttion  of  ftloih<4' 
appran*  thiit  alcohol  is  responsible  (or  cirrhosis  in  an  indirect  fwhif 
namely,  by  setting  up  guatro-ciitvritis  which  gives  rise  to  fioisons 
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lerogenic  effect  on  the  liver.  Cirrhosis  of  the  liver  far  more  often 
followi)  ftlcoholic  exceas  than  any  other  factor.  But  it  is  noteworthy  that, 
although  alcdhol  is  the  main  anteretlent  of  cirrhosis,  it  is  by  no  means  so 
foniniun  fi>r  cirrhosis  to  occur  in  the  course  of  chnmic  alc*»hoiisni.  Thus, 
Funnail  in  2r)0  post-niortema  mi  cimfimit'tl  rlnniknnls,  whi>  haii  dicii 
siirfrlcnly  from  the  eft'cet.  of  aleoliol,  found  tinhoais  in  six  only,  and  con- 
chided  from  this  that  alcohol  does  not  jirwluce  cirrhotiis.  Further,  it  is 
reuijirkahlo  ho^v  niru  cirrhosis  is  in  women  with  well  iniu'ked  alcoholic 
ncnriiia.  Possibly  the  conti-ast  between  the  frequency  with  which  alcoholiura 
tigures  in  the  history  of  cirrhosis,  and  the  percentage  u\  cii-rhoais  in  con- 
firmed dninkai*ds,  may  be  explained  by  siipposint;  that  wlien  tht;  liver  is 
ptible  and  likely  to  suffer  from  the  action  of  alcohol,  it  hecnmes  affected 

parjitivfly  quickly  ;  so  that,  before  the  rlinioil  picture  of  chnuiic 
alcoholism  has  had  time  to  bo  completed,  the  airnnptoms  of  hepatic  cirrhosis 
Iwcome  clearly  outlined.  The  atatement  that  cirrhosifi  may  follow  pro- 
longeil  expDAure  to  alcoholic  fumes  ajHirt  from  any  consumption  of  the 
liqnor  is  vorj*  difficult  to  prove. 

It  has  generally  been  supposed  that  the  production  of  inflammatory 
ehan';e.s  in  tlie  coiuiective  tissue  of  the  jmrud  cjinalp,  leatls  to  the 
formation  of  new  fibrous  tissue  which  compresses  and  pi'oduces  atrophy 
of  the  liver-cells.  It  is  probable,  however,  that  the  morbid  processes 
in  cirrhosis  are  not  limited  to  the  fornvition  of  infiammatory  tissue, 
hut  that  changes  in  the  hepatic  cells  and  prolifenition  of  the  inter- 
stitial connective  tissue  occur  simultiineonsly,  and  are  due  to  the  same 
cause.  The  view  that  degeneration  in  the  cellular  or  active  part  of 
the  organ  is,  as  in  alcoholic  neuritis,  the  all-important  fiictor,  and 
that  the  fibrosis  is  a  passive  overgrowth,  or  of  the  nature  of  the  fibrous 
substitution  that  occurs  in  old  age  in  some  organs,  has  been  put  forward; 
but  it  does  not  seem  to  be  borne  out  by  the  histological  appeai-ances, 
which  undoubtedly  show  an  active  formation  of  youn^  connective 
ri:4sue.  From  the  direct  action  of  alcohol  on  the  cells,  however,  degenera- 
tive changes  result.  Thus  extensive  fatty  change  imiy  be  found  in  the 
liver  cells  in  cirrhosis  and  a  large  liver  is  produced.  Not  all  large 
cirrhotic  livers,  however,  owe  their  size  to  fat;  many  are  large  iti  virtue 
of  compensati^ry  hyperplasia  of  the  hepatic  cells. 

Hepatic  cirrhosis  is  very  fi'ei|Uently  ftS8ociate<l  with  tuberculosis  else- 
where. Thus  in  706  cases  of  cirrhosis  there  was  eWdence  of  tuberculosis 
in  209  or  29*5  per  cent  (^'^),  while  in  75  cases  of  tuberculosis  in  alcoholic 
subjects  there  was  cirrhosis  in  +6  or  60  per  cent  (Mackenzie).  It  is 
probable  that  alcoholic  cirrhosis  is  loss  frequent  in  persons  who  lead  an 
active  ou^doo^  existence. 

Acute  red  atrophy  (a  further  stage  of  acut«  yellow  atrophy  of  the 
liver)  has  in  nire  instances  been  found  after  excessive  alcoholism  ; 
prolsdjly  the  action  of  alcohol  ns  a  protoplasmic  poison  reduces  the 
resistance  of  the  organ  and  so  enables  the  actual  cause  of  acute  atrophy  to 
become  active. 

Kidmeys. — In  heavy  beer-drinkers  the  kidneys  are  commonly  large 


and  hjportrophicd  bub  shew  no  morliirl  change;  it  is  indeed  a  eooif 
tory  pi-occss  analogous  to  that  seen  in  dialwtes.  The  amount  of  »\ri>^ 
traversing  the  kidneys  is  protxibly  small  compared  uith  that  irhichj 
through  the  liver.  Since,  however,  it  is  a  tisAUe  poison  the  delic 
epithelium  in  common  with  the  brain  and  nerves,  must  sttfler 
toxic  action,  uh  shewn  by  transitory  albuminuria  followiug  e] 
drinking.  Some  degree  of  fatty  change  in  tht-  ix«rml  t^ptthelium  j»  tammou 
in  drunkards.  There  is  considerable  difTerence  uf  opinion  aft  to  ik 
influence  of  alcoholism  on  the  pro^luction  of  gntnular  kidneys :  vnm 
iitatistics  are  opposed  to  the  view  that  aleoholiEm  is  a  factor  io  de 
causation  of  the  disejise.  Thus  I)r.  Dickinson  (11)  found  it^amiW 
kidneys  nearly  in  the  same  proportion  in  two  aeries  of  149  patienlfc 
one  series  being  made  up  of  patients  who  were  connected  vvh 
the  lif|U(>r  tmific,  and  so  presvimably  drinkers,  and  the  other  wnn 
composed  of  jicrsons  who  were  not  drnnkards,  or  brought  in  i««i-twc 
in  any  especial  way  with  alcohol  Formad,  in  2S0  sudden  doniin 
occurring  in  confirmed  drinkers,  found  Bright's  disivise  in  L^'i,  And 
concluded  from  this  that  there  is  no  causal  rt^laUou  belwe«n  ilHnkioj; 
and  kidney  disease.  It  is,  of  course,  p<i58ible  that  hard  drinkm 
are  enabled  to  carry  on  the  practice  in  virtue  of  a  i*4im]jarative  grncnJ 
immunity  to  the  toxic  action  of  alcohol ;  and  the  fact  thai  Fonwd 
only  found  cirrhosis  of  the  liver  six  times  in  his  eases  sii 
tliis  hyfMthesis.  That  confirmed  drunkards  do  not  show  algu 
kidney  discaso  does  not  necessarily  prove  that  alcohol  may  not 
the  kidneys  in  more  suaceptible  persons  :  the  tf»xic  n^ult^  in  such 
might  be  so  markeil  as  to  prevent  the  individual  fnini  ilrinking  Ut  6XIMM 
It  has  been  alleged  that  alcoImliHm  nirerts  the  kidneys  indirectly — thU 
it  first  leads  to  gout  and  arterial  change,  and  so  to  the  kidney  of  arWrifr 
sclerosis.  Prof.  Welch  sums  up  that  the  weight  of  authority 
evidence  supports  the  view  that  excessive  indulgence  in  aJcohoUc  liqw 
fermenteil  as  well  as  distilled,  is  an  im^K>rt4int  cause  of  chronic  Bt 
(liscase,  especially  of  the  small,  granular  kidney. 

Respirahrtj  Orgam — Aleoliol  is  excivied  by  the  lungs  lo  some] 
The  direct  toxic  action  exerted  by  it  on  the  mucoujs  membrane  i» 
the  wmse  of  the  bi-onchiat  catarrh  which  is  not  uncommon  in  drinkerL 

Chronic  laryngitis,  witli  thickening  and  opacity  of  the  mucosa  wl 
becomes  like  the  epidermis  (pachydermia  laryngis),  may  occur 
drunkards. 

The  old  notion  that  alcoholism  is  protective  againat  the  development 
of  tuberculosis  it*  the  reverse  of  the  truth.  Dr.  H.  Ma<kenxie,  in  IJ 
cases, of  pulmonary  tuberculosis  occurring  in  drinkers,  found  a  (ni 
history  of  tubercle  in  1 0  only.  Since  a  family  history  of  the  dii 
present  in  about  30  per  cent  of  the  ordinaiy*  cases,  the  effect  of  iUcDb( 
producing  pulmonary  tuberculoBis  is  considendtle.  Pulmonary  lol 
culosis  of  an  active  type  is  vorv  frequent  in  peripheral  neuritis  of  ale 
origin,  and  has  been  regaixled  as  "  trophic,"  and  due  to  cbangeA  in 
vagi.     Such  a  factor  may  have  had  some  share  in  the  result ;  but 
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generally  debilitating  iriHuuiico  of  alcuholisiu  ia  proluibly  more  imitonant. 
I  AVith  other  forms  of  poriphcral  neuritis,  except  the  leprotic,  pulmonary 
'  tuberculosis  is  nut  often  coincident. 

I        Tubercles  in  the  lun^s  arc  fnH|uently  found  after  death  in  cases  of 
■pbosia  of  the  liver,  which  in  the  great  majority  of  instances  folluvrs 
l^bholic  excess.      In  o^\  cases  of  cirrhosis  tuberculous  lesions  in  the 
[irtiigB  occurred  in   22f)  per  cent  (35).     Of  Dr.  H.  Mackenzie's  cases  of 
I  ta1>crculoeis  in  heavy  drinkers  there  was  cirrhosis  of  the  liver  in  more 
'than  one-half;  in  lOU  consecutive  cases  of  fatal  pulmonary  tuberculosis 
occurring  in  persons  over  20  years  of  age,  in  four  years  at  St.  Cloorge's 
'  Hospital,  cirrhosis  of  the  liver  in  any  degree  was  present  but  12  times. 
^^    his   cases   of   alcoholic   pulnionaiy    tuberculo;4i8    Dr.    H.    Mackenzie 
PBKrred   excavation    with    bronchopncurnonic    consolidation    and    grey 
tubercles.     The  cases  ran  a  rapid  course,  and  Hbroid  tubercle  was  com- 
paratively rare ;  but  it  must  l>e  remembered  that  thone  were  cliniadly 
cases  of  tuberculosis,  and  this  observation  docs  not  clash  with  the  rule 
JMiwt  very  chronic  pulmonary  tuberculosis  is  commonly  present  in  the 
Indies  of  drinkers. 

"  SfttouA  Si/stcm. — Thorc  is  no  specific  lesion  of  the  hrain  in  chronic 
alcoholism,  and  in  many  drunkards  tliere  is  no  recognisable  cerebral 
chfuige.  It  is  i)rol>id)Ie  that  alcohol  <loes  not  act  directly  on  the  neural 
elementA,  but  by  disturbing  metaltolism  iea<ls  to  auto-intoxication  and  the 
production  of  toxins  which  cause  the  morbid  changes.  Thickening  of 
the  pia  uiater  and  arachnoid,  increase  in  dize  of  the  Pacchionian  bodies, 
and  ejcccss  of  the  subarachnoiil  Huid  due  to  atrophy  of  the  brain,  are 
common  in  alcoholic  wulijeets,  but  are  also  normally  found  in  old  ]>ersons. 
In  some  case.%  the  condition  variously  described  as  "pachymeningitis 
h«?morrhagica  interna,"  "  cyst  of  the  arachnoid,"  or  "  subdural  membrane," 
baa  been  found  ;  and  not  infrequently  there  arc  signs  of  chronic  menin- 
gitis, such  as  thickening  of  the  pia  mater  and  adhesion  to  the  underlying 
cortex.  The  brain  is  shrunken,  and  the  convolutions  distinctly  separated 
by  the  sulci.  The  ependyma  of  the  ventricles  has  l>een  described  as 
granular  or  villous, as  in  general  paralysis  of  the  insane.  Micii>8copica]ly 
the  vessels  passing  in  from  the  pia  mater,  and  those  in  the  bmin  sub- 
stance, are  tortuous,  fibrosed,  and  may  shew  hyaline  change  and  miliary 
aneurysms.     The  perivjiscular  lymph-spaces  are  tlilated. 

There  may  Xm  sclero^in  from  hyirerplasia  of  the  neuroglia,  diminution 
in  the  immbor,  degenerative  changes,  and  jtigmentation  of  the  nono-cells 
in  the  superficial  and  other  layers  of  the  coru*x.  'l*he  ganglion-ccDs  may 
be  swollen,  vacuolated,  and  shew  an  absence  of  the  Nissl  gnmules  or 
chroma toly sis,  and  an  eccentric  position  of  the  nucleus  {ritli:  ^g.  7, 
pi.  vi.  vol,  i.). 

Chronic  myelitis,  probably  due  to  meningitis  and  not  showing  any 
systemic  arnmgement,  may  occur  as  the  residt  of  injuries  so  slight  that 
but  for  tlie  accessory  element  of  alcoholism  no  change  would  have  occuri  ed 
in  the  con!  (16).  The  condition  may  I>e  associated  with  neuritis,  but  is 
independent  of  it.     Degenerative  changes  in  the  cells  in  the  anterior 
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uornim  may  occiirt  as  in  otKer  kitids  of  peripheral  neuritu,  from 
interruption  of  the  axis  -  cylinder  prcK-'esses  of  ibe  cell*.  S^ritenm 
Bclerohua  in  the  cord  are  occjisionally  aeen,  and  vrhon  in  ibe  uetml 
ing  tracts  might  h«  attributed  to  neuritis  or  An  extension  of  tit 
eamo  proceas.  Bevan  Leiris.  however,  considere  this  by  no  mmtf 
probable,  and  says  thp  cord  chanpeR  are  due  to  slowly  encnacbnif 
srlerous  obaii^ef^  .s]ireadiii^  from  the  nienibruiies  and  crpepin^  alon|i  ike 
vascidur  tructs,  especially  along  the  jrosterior  median  raphe. 

Nt.mts. — Optic  neuritis  in  alcoliolic  subjects  n»av  l»e  due  to  dirooir 
meningitis.  Two  lesions  have  liecn  described,  rctro-bulbax  intumilal 
neuntis  and  atrojihy  of  the  uervo-tibrcs. 

The  changes  on  the  nerves  Iwgiri  near  their  peripheral  distnlitifwfi, 
especially  in  the  intramuscular  bmuchcs  of  the  motor  nerve*.  Finn  ti 
one  or  more  spots  on  a  nerve- fibre  the  meduUarv'  isbeath  dttappem 
entirely,  the  remainder  of  the  sheiilh  alM>vii  and  Iwlow  this  intcmiptido 
still  staining  with  osmic  ncid  ;  the  axis-cylinder  in  the  affected  put 
becomes  altenuatefi  and  finally  ruptures.  The  f>art  of  the  nervc-ti?'^  ^ 
tween  the  rupture  and  the  muscle  now  undergoes  Wallerian  drgcu- 
(S.  Martin).  The  process  is,  therefore,  primarily  one  of  peripheral  atn^ 
poisoning  »rid  degeneration,  and  not  of  neuritis  in  the  ordinary  acnr|rt 
ancc  of  that  temi.  Severe  neuritis  nwiy  come  on  or  be.  ik>  to  q»ftk, 
precipiteted  in  an  alcoholic  Bubjoct  as  the  roault  of  some  infoctioa 
other  intoxication. 

Tlie    degenerative   effects    of   alcohol    appear   more    rapidly  in 
peripheral   than   in   the  central    nenous   system.      Recovcrj*   occiin 
pt'riplier.%1   neuritis,   unleieri    the   secondary  degenerative   changes   in 
corresponding  norvecellH  have  progressed  tiMi  far. 

Hmrt. — There  is  commonly  excess  of  the  epicardial  fai  and 
fatty  infiltration  of  the  heart-walls,  which  may  seriously  emliarrsai 
action.  Fatty  change  in  the  myocardium  is  the  must  inijM>rUTtt 
produced  by  alcohol  and  leads  to  dilatation  and  in  some  inst 
to  sudden  and  fatal  syncope.  In  many  cases,  however,  there  are 
definite  histological  changes;  some  i-^ises  shew  interstitial  myocarditif 
or  patches  of  fibrosis  (Aufrccbt),  but  they  are  certainly  not  constant  iml 
are  proliably  due  to  coronary  disease.  Moreover  the  diwct  action  nl 
alcohol  on  the  heart-mnscle  enfeebles  its  contractile  power  and  so 
to  dilatation.  The  alcoholic  heart  is  dilatod,  presents  compeni 
hy|tertroj>hy,  iind  may  weigh  as  much  us  24  oz.  In  most  cases  tbs 
side  of  the  heart  is  first  and  mairdy  aH'ected,  but  in  some  casea  the 
change  is  dilatation  of  the  right  ventricle  (Drcschfeld). 

The  alc(>holic  heart  re^tembles  a  dilated  heart  due  t(»  chronic  inl 
nephritis,  though  the  kidneys  only  shew  the  effects  of  chronic 
engorgement  or  of  compensatory  hypertrophy.     The  asiiK»ciatiim  o| 
kidneys  and  renal  heart  has  ofteti  proved  a  stumbbng  bloc*k. 
changes  in  the  valves  of  the  hcjirt  in  alcoholic  pjitionts  arc  often 
a.*  ihe  re»ult  of  the  toxic  action  of  alcohol ;  thus  Pn>f.  Osier  jiccepts  tlu» 
explauation  of  some  cases  of  aortic  rofiux.     The  dilat«<l  and  hyiwrtrvpbied 


rbB  (Munich  or  Tiiliingeii  tioer-]it!urt8)  of  those  accustonitHl  lo  drink  lieer 
ss  may  be  oxplainetl  by  supposing  that  at  first  thoro  is  eonipenaatory 
liyportrophy  in  order  to  deal  with  the  inci-eastHj  vohiiiu'  of  1i!o<k1  atirl 
pos«i)>ly  with  iu  incre4iscd  viscosity,  and  that  evontimlly  this  coniiK-tiwitory 
mechanism  hnmlcB  down. 

.-/r/mVof  ami  I'^ins.  —  Alcohol  us  usimlly  eaid  to  produce  tvrterio- 
ftcler<»sis,  but  this  has  bi^ri  dinpniud  by  C^alrot.  That  nicoliol  mii}'  act 
BA  a  tissue -poison  on  the  vessel-walls  cannot  be  denied ;  on  the  other 
ba^nd  alcoholism  is  ficijucntly  combintnl  with  other  factttre  responsible  for 
urtcriosclcrosis,  and  may  further  their  efl'ccts ;  thus  alcoholism  favours 
the  onset  of  syphilitic  arteritis.  It  is  more  likely  that  alcohol  is  an 
indirect  factor  in  the  genesis  of  arterioflclerosis,  and  that  as  the  result  of 
the  disturlmnces  of  metabolism  and  gastroenteritis  induced  by  it,  toxic 
bodies  are  pnxluced  which  set  up  endarteritis.  Chronic  endarteritis  of 
the  aorta  may  spread  to  the  aortic  valves  and  produce  incompetency- 

Indirectly  alcoholism  jirrxluccs  changes  in  the  veins :  thus  cardiac 
failure  and  the  resulting  chronic  venous  engorgement  lead  to  dihitcd  nnd 
varieose  veins,  gout  U\  thrombosis,  and  dyspepsia  and  cirrhosis  to  vunons 
stigmata  and  acne  rosjicea  about  the  face. 

Thr  Gfjirrntivr  Oif/diis. — The  testes  have  been  described  as  much 
Mtro]»hierl  in  drunkards,  but  this  event  is  very  exceptional,  and  may  have 
been  an  accidetital  association.  I^nccreaux  has  described  an  alteration 
in  the  seminal  tubes  nf  the  nature  of  a  premature  senile  change. 
Chronic  alcoholism  diminishes  the  fertility  of  both  sexes,  and  leadg  to 
a  stunted  and  ill  (Icvelojied  oHspring,  and  so  plays  a  raf>st  important  part 
in  infant  mortality  and  racial  degeneration.  In  women  it  has  been 
thought  that  this  is  bi-onght  ul>out  by  interstitial  changes  and  fibrosis 
of  the  ovaries. 

Thr  mSI'iu  may  become  very  smooth,  waxy-looking,  and  extremely  soft 
to  the  touch  ;  tliis  is  jwrtly  due  to  the  accumulation  of  fat  under  the  slcin, 
and  jiartly  to  atrophy  of  the  skin,  Gcncrjil  obesity  is  common^  esjMJcially  in 
beer-drinkers  who  almost  excli].sivcly  supply  the  \iotims  of  difluse  lifwrna. 

Tfir  MiLitieit  of  the  body  appear  flabby  and  somewhat  fatty.  In 
pcnphoral  neuritis  Dr.  Sharkey  (30)  has  described  active  inHamtnatory 
changes  occurring  in  the  paralysed  muscles. 

Bones  tiiul  Johds. — The  Itones,  like  the  rest  of  the  lK)dy,  are  said  to 
ehew  iin  increase  in  the  amount  of  fat.  Alcoholic  drinks  have  no  in- 
fluence on  arthritis  deformans.  By  producing  the  metabolic  disturbances 
resulting  in  gout^  alcohol  affects  the  joints  in  a  marked  though  indirect 
■way.  The  stronger  wines — Port,  Sherry,  Mwleira — and  heavy  bocr  and 
porter  are  most  jxiwerful  gout-inducing  agents.  Burgiuidy  is  very  badly 
borne  by  gouty  imticnts.  Chamimgnc  differs  in  its  cH'ccts,  the  dry 
brands  being  less  hannfnl  than  the  sweet.  Claret,  Hock,  Moselle  and 
the  lighter  forms  of  malt  liipiors  have  comimratively  slight  gout-pro«iucing 
tendencies.  Sir  A.  Oarrod  t^jiys  lliat  neither  the  acid,  the  sugar,  nor  any 
known  principle  in  alcoholic  drinks  can  be  shewn  to  l>e  the  active  fact-or 
in  producing  gout. 


932 


Sysr£.\f  OF  MEDiC/NE 


Symptoms  of  the  ousel  aro  gradual,  and  ibc  pHtient  prob«bl;  doei 
not  setik  modical  udvice  until  the  malaily  ia  fairly  well  eatAliIi^heil. 

In  the  early  stages  thorc  is  a  disinclination  to  work  »nrl  »  genet 
want  of  energy  ;  so  tliat,  althuugb  routine  occujiation  may  be  got  tbrutij 
it  is  not  well  done,  and  any  adilitiunal  exerlion — physical  or  nieuul- 
avnidod.  This  malai&c  is  succeeded  by  headache,  low  epiriu,  aod  a 
vading  sense  of  impending  misfortune.  The  mental  ^towers  are  wc&k«s«>l; 
there  is  indecision  cveti  in  niattors  of  little  or  no  importance^  irriubiblj, 
and  want  of  self-eontrol :  sleep  fails,  or  is  unrcfre^hing,  and  the  oooditka 
is  often  that  of  iieunisthenia.  Tremor,  an  early  syniptrjm,  beecnii 
manifest  in  the  bands,  lips  and  tongue.  An^tic  says  that  lliis  inmuc 
first  occurs  in  the  feet,  and  is  worse  in  the  morning.  I>eiii-  '■  ■ 

the  exhaustion  of  insomnia,  and  not  entirely  to  the  toxic  < 
To  a  certain  extent,  in  the  early  stages,  the  tremor  can  !•■     .  ,   i 

an  effort  of  will ;  it  is  fine,  and  is  brought  out  by  any  luu^jiMr    t 
especially  by  an  effort  re^piiring  precision  or  aome  slight  mani] 
skill.     A.  sudden  noise,  such  as  the  banging  of  a  door,  may  make 
pa.tieiit  tremble  and  perspire.     There  is,  indeed,  a  general  conditioa 
junipirtess  and  nervousness — signs  of  a  disordered  cerobnvl  function, 
tremor  is  perhaps  the  fii'st  thing  to  attract  tho  patient's  attention,  atxl 
stop  it  be  baa  recourse  to  an  early  morning  dram  ;  but  Eoq<1  ba«  n  nil 
effect.     These  early  symptoms  persist  and  become  more  marked  u 
disease  advances. 

la  a  well-developed  case  the  features  are  probably  flabby^  and  thi!  fiM 
(»ft4)n  shews  signs  of  chionic  venous  stasis  :  on  the  notte  this  may  pui 
into  the  familial'  acne  rosacea,  well  described  by  Trouaseao,  ttul 
popularly  regarded  iiA  **the  indelible  stigma  of  dninkonDeas." 
inference  is,  however,  by  no  means  necessarily  correct ;  ft.  may 
in  uterine  disturltance  and  in  gastnc  eaUirrh  duo  to  cnustts  other 
alcohol.  There  is  often  some  injection  and  slight  oedema  of  tlie 
junctiva,  and  an  icteric  tint  may  bo  seen  over  tho  sclenUics.  The 
of  the  lx)dy  generally  is  smooth,  soft,  easily  perspiring,  usually 
or  even  waxy.  Extreme  vasomotor  excitability  and  ft  Icndeacy  M 
dermographism  may  be  pi-esont,  and  pruritus,  acne,  and  ecwoM  W 
induced  by  periodic  excesses.  Alcoholism  may  set  up  a  ha^tnoniific 
tendency.  The  tongue  is  usuidly,  though  not  invariably,  flaL>by  ud 
furred,  and  trembles  when  protinided ;  in  women,  however,  the  tot^piffi* 
often  clean,  or  it  may  be  bare  of  epithcliiuu.  Superficial  glossitif  ff 
leucoplakia  may  bw  found,  especially  in  male  alcoholics.  The  l»r«tfci» 
foul,  even  apart  frum  dyspepsia,  and  often  bfui  a  jwcuHar  heavy  odoQT 
readily  recogiused  by  experienced  observers ;  the  moutli  am)  throat 
dry,  and  thirst  is  fretjuent.  Pharyngitis  and  laryngitis  of  a 
character  are  often  met  with,  and  lejid  to  frequent  hawldng  of 
and  to  some  alteration  of  the  voice  W'lxxii  of  ap[)Ctit«  sjid  indiffc 
to  focKl  may  pass  into  a  jwsitivv  lo.ithing,  so  that  very  little  nouri»hr 
is  swallowo<]  other  than  that  which  is  contained  in  the  alcuhalic  <LriiJ»_ 
Like  the  other  symptoms,   the  anorexia  is  worse  in  the  momtng 
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jreakfn^t  is  eaten,  and  a  state  of  exhaustion  follows,  which  drives  iu 
fictirn  to  seek  support  arid  relief  in  spirits  or  hcer.  This  want  of 
ippetito  is  aggnivated  by  rooming  nausea  and  sickness  due  to  gastritis : 
\  small  ipuntity  of  yellow  mucus  is  usually  lirou^ht  up,  and  the  >uime 
rondition  of  catarrh  spreads,  though  in  a  less  marked  dcgi'ce,  to  the 
nteetines,  and  gives  rise  to  the  looseness  of  the  bowels,  whicli  is  a 
■ell-tale  symptom ;  a  capricious  state  of  the  intestines,  in  which 
onstipation  and  diurrhrna  alternatt^,  is  not  uncommon.  The  gastro- 
ntestinal  symptoms  vary  considerably  in  intensity.  Stnang  spirits  are 
he  most  |X)tent  factors  in  the  production  of  dyspepsia.  Neat  spirit  is 
imch  more  effective  than  larger  ipiantities  well  diluted,  inasmuch  as  ita 
rritaling  Jiction  is  more  concentrated  on  the  mucous  membrane  of  the 
iU;mach.  Occasionally  the  catarrhal  gastritis  of  chronic  drinkers  may, 
«  the  result  of  a  debaiicli,  become  <|uickened  into  an  acute  att-ick,  and 
uematemosis  may  occur  without  any  evidence,  either  at  the  time  or 
ubst-quently,  of  hepatic  cinhosis. 

Large  draughts  of  beer  may  ]iroduce  dilatation  of  the  stomnch  and  its 
kccomjianying  symptoms.  The  liver  in  such  cases  is  often  tender  and 
inlarged ;  a  condition  which  may  be  due  either  to  th«  early  staigcs  of 
•irrhosis,  or  to  cardiac  failure  and  consequent  chronic  venous  engorgement, 
rhere  are  vnrious  forms  of  the  alcoholic  heart;  there  may  be  acute 
lilatation  with  a  7-apid  and  irregular  pulso  ;  in  the  chronic  forms  there 
ire  ngnsof  dilatation  with  \'aryini;  degrees  of  compensatory  hypeitropby, 
>reathlessness.  general  or  widesprciul  O'dema,  and  other  evidences  of 
mckward  prossiirc  A  rather, si»ecial  f»Tmi  of  alcoholic  heart  in  beer- 
Irinkers,  especially  when  the  ijuantitics  taken  are  enormous,  has  been 
lescribed  as  the  Tiibingen  or  Munich  Ijeer-heart.  The  alcoholic  heart  is 
►ften  reganled  iis  secondary  to  valvidur  disease  or  to  arteriosclerosis,  as 
he  clinical  manifestations  arc  much  the  same. 

In  women  sterility  often  result*.  Although  ever}'  vnriely  of  men- 
;trual  disorder  may  occur,  mcnorrhagia  is  the  most  common,  and  is 
lossibly  due  to  endometritis  of  the  body  of  the  uterus. 

Insomnia,  which  may  have  been  present  throughout,  becomes  worse, 
md  is  accompanied  by  nightmares  and  dreams  of  a  terrifying  and  dis- 
reasing  character.  In  the  dozing  state  between  sleeping  and  waking 
tartling  hallucinations  of  sight  or  of  hearing  may  further  disturb  the 
Kitient.  They  corR'spond  to  the  mMi'df  rulilimii's — mists  and  clouds 
>efore  the  eyes — noises  in  the  ears,  and  giddiness  experienced  in  the  day- 
ime.  In  rare  instances  t-oxic  amblyopia  duo  to  alcohol,  or  perhaps  to  its 
xtion  cond)ined  with  that  of  tobacco,  has  been  described  ;  there  may 
Jso  be  a  central  scotoma  for  red.  green,  and  to  a  less  extent  for  blue. 
Various  periphend  sensjitions,  niiniltness,  tiiigling  and  cramps,  or  pain 
>f  a  lancinating  character,  which  app&irs  to  be  neundgic  ami  gouty 
ather  than  the  result  of  definite  neuritis,  may  be  met  with  :  also  starting 
ind  jumping  of  limits,  worwe  at  night.  The  eiu-ly  symptoms  of  alcoholic 
peripheral  neuritis  are,  of  course,  fre<^uently  present,  but  are  not  suthcicntly 
lonspicuous  to  stand  out  from  the  more  general  collection  of  symptoms 


known   us  chronic  alcoholiHin.      MuscuUir  tcrulemess,   espcciAlly  m 
tegijf  alterntioii  ntirl  impairment  of  sensation,  pain,  wasting  ami  pumii 
miiM!](»,  e8|iucially  thu  vxteiiKors  uf  the  fuot,  loftding  Ui  foot<4in)p,  uvlei 
M\i\  lr»^s  of  kitcc-jei'k,  niity  all  occur  iind  lc»ve  no  doubt  a&  to  the  (3 
ence  of  the  lesions  descrihed   under  peripheral  neuritis.     [I'idf  artirlr, 
vol.    vi.]       Alcoholic    neiirilis   h^piis    and   is   l»e«t   marked   in    thr  1^« 
uffecling  the  extenii»>rfi  e.s]X'cially  ;  but  subsequently  it   »pn 
It  is  mro  for  it  to  utUic^k  the  cniiiiul  nerves  in  iin  isohiteil  Ia- 
in severe  cases  the  va^mh  in  probil)ly  not  uncommonly  affectftl  and  m»T 
l)e  responsible  for  earrliac  disturbance  and  failure  ;  jKissibly  some  csMftnl 
facial    i^iralysiK   hve!   alcnholjo   in    origin,    thuu^h    uru'ecogni^ed  as  mch. 
Alcoholic  neuritis  is  much  commoner  in  ^vomeu  tbnn  in  men,  and  aftfls 
follows  quiet  and  secret,  though  persistant,  tlrinking. 

As   the  restlessness  ami  neivoiiBiieHs  gri)W  worst*,  the  deprcMtion  d 
spiriis  may  be  ao  8ovei*c  us  to  lead  to  suicidal  aitempis,  or  oveucttalij  ti) 
pass  into  melancholia.     Want  of  will-power  and  lack  of  self-control  »nf 
aswiciated  with  failure  in  the  memory,  and  fonn  prominent  Jcattir.  = 
the  mental  state  of  chronic  alcoliolism.     The  imtural   feelings  un 
altorntion;  distnist  and  <lislike  supplant  affeetinn  for  members  of  thtf  Liuuu  , 
an  nnti-si>cial  attitude  u>  mankind  in  general  devel<ip« ;  and  los>»  of  prttprr 
self-respect  is  shewn  by  sluvenliness,  ^viint  of  personal  cleanliness,  inrf  a 
willingness  to  subsist  on  the  support  of  others.     There  is  a  great  "l"-' > 
tion  in  the  manner  in  which  the  items  of  th«  jioistand  of  the  envir- 
Mierally    are   regardi'd.      In     psychosis    polv-neuritiea    (or    Kor-  ■ 
•"ndiTMiii-'),   usually    seen    in    women,   theje    is,    in    .uldition   to  nl-  ■'• 
pi'iij)heial  neuritis,  a  slate  nf  mentjd  coiifiiHitai,  descril>ed  by  .bi-  ^    m 
Sir  S.  Wilks,  in  which  the  patients  lose  account  of  time  and  [tlif,  -o-m 
to  live  in  a  strange  world  of  their  own,  and  will  describe  in  detail  ore 
that  are  real  t4i  no  one  t'Ue.     A  less  marked  fonn  of  this  want  of 
relation  with  the  outside  world  makes  the  chronic  alcoholic  absolut 
uiiirustuortiiy  and  apparently  a  puqKiselej*8  liar  of  the  most  unkln 
kind. 

Not  only  arc  the  mental  and  the  intellectual  processes  impaired^  bat 
there   is  blunting  of    the   moral   sense,   so    that   falsehood   and   dc 
especially  where  iiidtUgence  in  drink  is  concerned,  iKscorae  habtttul 
shameless.     This  is  very  commonly  seen  in  women  drinkcM ;  and  in 
tite   Iof*«   of  even   these   shrcwls   of  solf-respect  is  shewn  in  the  cyi 
candour,  albeit  somewhat  untruthful,  with  which  they  admit  their 
cxcfsiws,  whilr,  at.  tlie  sanw  lime,  they  insist  upon  the  recent  rcfor 
which,  you  nmst  know,  has  conio  over  their  life. 

The  monotony  of  the  course   of  chronic  alcoholism  may  be 
from  time  to  time  by  delirium  tremens,  or  the  local  efTecCs  in  some 
tissue  or  organ  may  become  prodonxinant,  and  throw  the  general  symi 
into  the  shade  ;  so  that  the  case  now  appears  as  one  of  ciiTh^Msis, 
failure,  perijiberal  neuritis,  now  jiasses  into  alcoholic  dementia  or 
forms  of  definite  metital  disease. 

Chronic  alcoholism  weakens  the  resistance  of  the  body  generally. 


fiivours  micruhic  iiivtision.  It  disposes  to  the  occurrence  of  various  ueute 
pyogt'iietic  iiifectioris  us  h  wAl  shtMsn  in  tho  iiicideuce  of  tropica!  abscess 
of  the  liver  in  drinkci's  us  cdinpaiTfl  with  ul>8tainers.  The  iiitluence  of 
alcoholism  in  the  etiolog)-  of  piilmonar}'-  iu\d  pcritoncjil  tuberculosis  is 
equally  undoubted.  Experiuierils  on  animals  fully  confirm  tliese  cUniud 
obnervations.  It  is  noUnious  how  Isuily  jilcolinlics  bear  acute  diseaao  or 
injury.  Thus,  pneumonia  is  generally  iidmittcd  to  be  very  fatal  in 
di'unkai'ds,  and  its  ocuuiTence,  or  indeed,  wny  other  seriuiw  accident,  such 
as  a  broken  lirub,  is  fr6i|Ueritly  associated  with  delirium.  Alcoholism 
facilitates  the  toxic  etfects  of  plumblsm  iind  the  nuinifestations  of  syphilis. 
The  progrnosis  of  chronic  alcoliolit^m  is  not  vary  hopeful.  The  craving 
for  drink  is  extremely  hiiiil  to  i;r;idicate ;  and,  tliough  it  may  bo  kept  in 
abeyance  for  months  or  years,  there  is  always  Uie  danger  thst  it  will 
reassert  itself  wht'n  sudden  strain  or  trouble  arises.  The  dillicnlly  lies 
rather  in  rofor"mati<in  than  in  cure  of  its  results.  The  dyspe]>.sia,  tremor, 
sleeplessness,  and  so  forth,  cnn  be  alleviated  with  comiHirative  ease  so 
^^Wg  as  the  [jatient  is  deprived  of  alcohol. 

^B  The  occun-enco  of  t*[tilepsy  is  of  bad  omen.  The  influence  of  alcoholism 
^n  the  production  of  insanity  is  very  difhcult  to  eMiniate  since  intemper- 
ance is  freipiently  an  much  the  cH'cri  of  mental  weakness  as  its  cause; 
in  the  fifty-ninth  reiMMt  of  tlio  commissioners  in  lunacy  intemjxiraiico 
iras  an  assijnied  cause  of  iiisuniiy  in  '2'^7  pur  cent  of  the  male  admi.'^siuiis, 
and  9*4  per  cent  of  the  female.  The  prognosis  will,  uf  course,  be  much 
more  serious  in  a  long-sttinding  case,  and  in  periphemi  neuritis  when  the 
polyneuritic  psychosis  (KorsakofTs  syndrome)  is  present.  When  orpuiio 
change  hits  taken  ])lHce  in  the  brain,  arif)  dementia  has  re.snlted,  I'ecovery 
is  highly  improbulile.  However,  in  some  cases  of  chronic  alcoholism, 
even  though  structtual  change  be  pi-esent,  the  outlook  is  not  so  gloomy. 
Thus,  in  periphend  neuritis  i-ecovery  is  freipient.  In  cirrhosis  of  the 
liver  the  process  may  be  arrested  and  compensatory  changes  may  le;id  to 
H  condition  of  lat«ncyand  \<jry  fair  health.  On  the  whole,  much  depends 
on  the  form  of  treatment.  The  immediate  symptoms  of  the  habit  can 
usually  be  Si»tisfact*>rily  overcome ;  but  a  permanent  and  complete 
recovery  ia  a  matter  of  anxiety  and  uncertainty,  and  no  case  can  be 
considered  cui-ed  until  at  least  two  ytairs  have  elapsed  without  any 
relapse  into  the  habit.  Ii  is  often  stated  that  reformation  uf  female 
inebriates  is  impossible  and  hopeless;  but  speaking  with  an  experience 
of  20  years  I)r.  liranlhwaite,  the  inspectfir  under  the  Inebriates  Act*, 
1879-iynO,  is  emphatically  of  opinion  that  "with  efpial  considemtion 
and  treatment,  women  are  every  whit  as  roformabh^  as  men  and  possibly 
even  more  so." 

Diag'nosls. — Since  chronic  alcoholism  manifests  itself  chiefly  by 
nervous  and  digestive  disordei's,  it  may  be  sinuilated  by  the  dyspepsia 
and  accom|>unying  nervousness  which  occur  in  failing  health  complicated 
by  overwork  or  worr}*.  A  .similar  con<lili<)n  may  be  met  with  in  women 
al>out  the  onset  of  the  mcnojmuse,  and  in  those  who  live  on  little  more 
than  strong  tea. 
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The  eat^y  stage  of  general  paralysis  of  the  insane  and  some  cun  of' 
chronic  alcoholism  (psciido-general  parnlysis)  iwiy  rlosely  rMi^mhle  each 
other ;  in  hoth  there  is  u  progressive  degeneration  of  the  bighi^r  cetil 
an  impairment  of  inhihition,  and  a  loss  of  self-control  leading  to 
ordered  action.  If  deHriit«  exaltation  of  ideas  be  pn?aent  or 
irresohite  lip  movements  be  persistent,  the  diagnosis  it>  usimIIv  cl 
but  there  are  cases  of  general  paralysis  in  vrhich  the  bodily  syniptnm? 
arc  present  without  any  menbil  ititcrntion.  In  such  cases  signs  of  giulnc 
disturbance,  loss  of  appetite,  morning  sickness,  and  the  absence  of  chaos?* 
in  the  pupils  would  point  to  chronic  alcoholism.  Alcoholism  mijr, 
however,  pbiy  a  part,  though  not  of  the  first  importance,  in  the 
duction  of  the  general  paralysis  of  the  insane.  Since  drinking  mar  bti 
symptom  of  the  early  sUige  of  general  paralysis,  the  two  morbid  st 
m^iy  be  concurrent.  Careful  inquiry  into  the  history  and  sympumu  will 
be  necessary  to  decide  in  such  doubtful  cases  {fitlf  vol.  vii.  p.  721). 

The  tremors  of  jxiralysis  agitaiis  and  of  disseminater]  sclerods  caii  b« 
distinguished  by  their  special  characteristics  from  that  of  alcohohsD. 
The  tremor  of  ner%-ou3ness,  hysteria,  and  senility  may  be  mistakwi  for 
that  of    alcoholism;    but    furtlier  e.xiimiiratinn  into  the  case   will  ••tl 
the  diagnosis.      Chronic   alcoholism   and   tabes   have   sevend   {)*iini» 
resemblance :  the  ataxic  form  of  periphend  neuritis,  as  its  name  |te>ci: 
tabes  implies,  may  be  confoundeil  with  locomotor  at'ixLs.     Gastric  cris 
can  usuiUly  be  distinguished  with  ease  from  the  gaatiitis  and  nckneti 
drinkers.     The  eye  symptoms  of  tal>es  should  always  he  looked  for 
cutiBidering  the  diagnosis  of  tbcHO  two  diseases.     In  malarial  cacbexin 
nervous  manifestations  may  closely  resemble  those  of  chronic  aloiholii 

The  treatment  consists  in  cutting  the  patient  off  from  alcohol 
pletely  ;  but  unfortunately  the  uxi»tence  of  the  drink-habit  and  crar 
render  it  very  difficult  to  secure  this  in  the  conditions  of  ordinary  li 
Even  if  the  patient  do  his  best,  he  is  usually  unable  to  withstand 
besetting  habit.      Strong   moral   suasion  anrl  a  ftdl  knowlodge  of 
eflFects  of  the  oWl  may  perhaps  keep  him  an  absuiincr  for  a  time  ; 
whore  t«mptittion  meot-s  him  at  every  other  turn,  as  in  everyday  lif<- 
muHt  almost   necesburily  do,  it  is  almost  too  nuich  to  ex[>cct  hini 
remain  so.     In   some  instances  residence   in  a  bouse  or  nurstng-hc 
under  the  immediate  .supervision  of  a  doctor  is  successful.     A  long; 
voyage  on  a  ship  or  yacht  fr«m  which  all  alcoholic  drinks  are  exelnd 
is  sometimes  rccommendoil,  hiu  the  diffictdticsof  preventing  snrreplil 
alcoholic  indulgence  are  consi<l«rable,  and   the  opporttmitics  for 
are  so  numerous  that  this  plan  of  treatment  is  seldnm  iMlvisahlo, 

Undoubtedly  the  l>est  plan  of  treuitment  is  for  the  patient  to  go  il 
a  sjuiatorium  specially  devoted  to  the  medical  treatment  of  ioebrietj, 
into  a   Retreat   established    an<l    licensed    under    the    Inebriatos 
(IS7i)-l900).     At  prusent  a  patient  cannot  bo  received  into  a  b'( 
Retreat  agiunit  \\\%  will,  however  extreme  his  dnmken  habits  may 
To  avoid  any  confusion,  it  may  l>e  pointed  out  that  the  IncbriAic 
formatory  Act  uf  1696  provided  for  th«  committal  txi  reforroatoriet 
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inebriates  "  and  "  police  court  recidi vista.'*  Having  voluntarily 
a  Ketreat  under  the  Act,  the  patient  rcnmins  there  for  a  definite 
id  if  he  escapes  during  that  peno4l  he  can  he  brought  back. 
LtioD  is  thus  avoided  in  a  way  which  is  almost  imposaitile 
sere,  and  at  the  same  time  the  inmate  is  under  skilled  medical 
nent.  The  tenn  of  detention  in  the  Kelreat  sIiouUl  never  be  less 
months ;  a  year  is  necessary  in  ordinary  caaes,  but  in  severe  or 
ite  cases  a  term  of  two  years  is  desiral>Ie.  The  form  of  request 
lisbion  to  l)e  signetl  by  the  patient,  and  the  statutory  declaration, 
ade  by  two  frienda  of  the  applicant,  are  appended. 


Rbqocbt  fob  Reception'  into  Retreat 
Uvder  the  Ineiniatei  Ac4m,  1879  h  1900 

To  the  Licensee  of  the  Retreat 

ttndewigued,  liereby  requust  joii   to   receive  me  aa  a  patient   in  your 
at  I  in  accordance  with  the  above-mentioned 

I  undertake  to  remain  therein  for 
^  uideM  sooner  duly  discharged,  and  to  confonu  to  the  regidationB,  for 
B  being,  in  force  in  the  Retreat 

Api>li4:arU'$  Signaiun 

wed   named siK-neil    thie 

Eion  in  my  presence,  and  at  the  time  of  his  (or  her)  so  doing  Batietied 
^hat  he  (or  she)  was  a  person  to  whom  the  Inebriates, Act,  1679,  applies, 
ptated  to  him  (or  her)  the  effect  of  this  opp1icAtt(m.  and  of  his  (or  her) 
in  into  the  Retreat,  and  be  (or  she)  appeared  perfectly  to  understand  the 

Dated  this  day  of 

Ju&biee  of  the  Peaesfar  iKe  County  { 
or  Borough  of  \ 

ApjilicantfM  name  in  full 

Addres$ 

D€9enptum 


ff,  solemnly,  and  sincerely  declare  that 

ran  applicant  for  adraissioa  into  the 

Inebriate  within  the   meaning  of  the  Inebriates  Act,    1879,*   and   wo 


Statctobt  Declaration  in  view  or  Advusion 
The  Inebriatet  AcU^  1879  to  1900 


ri  "  Habitaal  Dninknni "  (or  luebmte)  i»  defined  in  the  Act  of  1 879  a«  mwuiing  s 
who  U  hy  Trftsnn  of  halritual  intemperatv  drinking  of  intoiicflliniif  liqiior,  at  time* 
1118  to  hinueir  or  boreeir  or  to  oth(i>  or  inropalile  o('  n<Auaintig  himself  or  lierself,  and 
mr  ntTuirx.  The  SecreUry  of  Stat*  is  mlTweU  that  "  lutniicitting  li^pior  "  niay  include 
other  than  alcohol,  if  thvir  ha>'itiial  intemperate  n»  briiiK»  th«  cotuiUQiur  into  the 
>uof  AD  "Hftbitunl  Dninkani." 
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severally  luake  thia  solemn  declaiatitjn,  conaeienCiotulf  believing  Uie 
be  true,  and  by  virtue  of  the  Statutory  Declamtioa  Act,  1835. 

Tai^n  ttnd  ttechired  severally  at  'n 

in  the  County  of  I 

thiii                           iliiy  of  1  n       .  I 

Before  me  |' 

{(k)  J  J',  for  the  County  or  Horough  of  I 

(6)  A  Commianoner  uf  (hulu  J 

To  be  signed  by   two   friends  of  the  patient  before  a  Magintr^*'  i<t 
Commi&siouur. 

The  first  step  is  complete  withilrawal  of  all  alcoholic  drink.    TW' 
naturally  has  a  marked  clfect  on  the  pjitient^  who  at  once  fe«ls  the  n«ed 
of  hJH  acHUHtomed  Ktimulant      Meprefwinn,  rujiLleBsneBB,  auil  soine  de^'W 
of  collapse  nmy  rfjsiilt ;  but  cxpcnciice  shews  thut  no  haiiu  follow g  fnm 
the  suiUlen  and   complete  removul  uf  »U  stiniuliutta.      'I'hore  is 
of  the  oUl  Imliof  that  delirium  Lremeiis  can  bo  thus  predpilaK 
|>atient  should  be  carefully  but  unobstrusively  vratt-hed  after  his  anil 
and   his   strength    Buslained    by   simple  fowJ,   |K'ptoni8c<l    if    n* 
liegiiuiing    with     milk,    l^Mi^er's    fowl,    sanatu^en     (Mann),    ami 
advancing  to  solid   food,  fish,  and  so  forth.       Feuding  rnay   be  diffic 
from  want  of  appetite,  or  from  vomiting.     Vomiting  is  far  from  Ui 
altogether  an  evil,  ae  it  removes  tenacious  mucim  from  the  stomaeht 
so    improves    the   conditions    of    digestion.       The    sickne»   should 
treated  by  small  quantities  of  liquid  food*  lime  or  aoda  wator,  all 
bismuth   or   ellcrvescing  mixture,  or  by  5-minim  doses  of  ipocaci 
wiuc.     Sleeplessness  should  only  bo  treated  by  sedatives  if  it  \n'.  nvjct 
Morphine,  chloral,  and  cocaine  shouM  benvoide<l,  lest  the  germs  o(  a 
cniving  be  sown  in  the  |Kitient.      CIdoralamide,  itaraldehyde,  thunal, 
bromidi's  may  bo  used  if  necessary ;  and  the  hypotlermic  injection  uf 
grain  of   hyoscine   has   be«n  rocommendod.       Hut  liefore   narcotics 
employed,  sleeplessness  should  first  be  combated  I>y  outrdoor  cxeitiM 
fresh  air,  wet  jmcks,  or  massage. 

The  bowels  must  be  carefully  attended  to,  And  the  appetite  jum) 
digeslion  stimulated.  Pepsin,  bitters,  tonics,  and  dilute  acids  af«  al«> 
of  uso.  Much  will  depend  ou  the  way  food  is  taken  ;  ne  he  improi 
the  patient  should  get  out  a  great  deal,  and  should  be  well  proWded 
suitable  oi'cupation. 

Many  drugs  hiuu  Ikeen  and  are  still  used  with  a  view  of  countci 
the  craving  for  drink.       Strychnine    is   often    employed.       It   hi 
extensively  givon  hypo<lermically,  and  lias  licon  cumbined  with  atr 
The  latter  drug  hjis  buen  strongly  recommended.      NauRcatitig 
auch  as  ipecacmuiha,  apomorphinc,   have   Ijcen  adde<l   lu   the  alcob 
bcvemges  so  as  to  generate  a  diat^wta     Tincture  of  capsicum  in  S  to 
minim  doses  has  some  effect  in  lessening  the  tusX^  for  .stimulant^^ 
well,  however^  to  remember  that  it  is  an  alcoholic  drink,  ami  tliat  il 
been  used  .ls  an  intoxicauL     (^hiinine,  rcil  cinchona  bark,  gentian. 
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bUori,  strophaiithus,  citrate  of  calfeine,  coca,  ergotin  hypodennically, 
*wid  other  drugs  have  also  bt»on  rccoinm ended  for  thiB  purjioBO. 

The  so-called  "gold  cure"  is  said  to  consist  in  ( 1 )  hypodcnnic  injections 
<rfrtr\'chnine  sulphate  j-J^  gr.,  combined  with  atropiuu  sulphate  ..oog'-t 
ordatiinno  sulphate  ^^  gr.,  given  fuur  times  a  day:  (2)  medicine  by 
lie  mouth  every  two  hours  during  the  day  and  evening,  coraposod  of 
chloride  of  gold  and  sodium,  ^V  gr.  ;  ammouiitm  chloride,  1  gr, ;  aloin, 
feV  &'  \  ^ui^  extract  of  nhiirtmm,  ll\^x. ;  and  tincture  of  cinchona,  11^x1. : 
(3)  hydrotherapy,  wet  packs,  vapoui'  baths,  and  so  forth.  Dr.  Fenn, 
^t»m  whose  [iu[>ci'  these  details  are  taken,  concludtw  that  60  ]>er  cent  of 
patients  after  u  month's  treatment  remain  total  abstnincr».  This  method 
of  treatment  desenfs  unprejudiced  trial  at  the  hands  of  the  profession, 
for  the  manner  in  which  il  has  been  exjiloited  a«  a  proprietiiry  cnre  has 
nattirally  made  orthwiox  practitioners  look  askance  at  it. 

Niuuei-ous  "spfcifics  "  and  jmlont  "cures"  ha\'e  boon  vaunted  ;  somu 
>f  them  appear  to  contain  strychnine  and  atropine.  An  anaty^its  of  tifty 
liffercnt  proprietary  medicines,  some  of  which  have  been  recommended 
is  "temperance  drinks,"  shewed  that  each  contained  alcohol  in  amounts 
?arying  from  (i  to  47  5  per  cent  (27).  it  is  not  ]>erhupH  8iirprit-in<^  that 
Jic  condition  of  the  patients  is  sometimes  much  worse  after  they  have 
udergone  these  "cures." 

»H.\'pnotiHm  has  been  employed  with  some  success  in  creatinp  a  dis- 
B  for  alcohol ;  while  the  i»aticnt  is  in  one  of  the  stages  of  the  hypnotic 
ttate  be  is  told  that  in  future  he  will  not  be  able  to  titke  alcohol :  this  is 
.reatment  by  post-hypnotic  suggestion.  It  should  only  i>e  practised  >'y 
i  medical  man,  and  in  trustworthy  hands  is  worih  a  trial.  It.s  aetioti  is 
omewhat  uncertain,  but  some  admirable  i-esidts  have  been  published, 
Old  no  doubt  suggestion  plays  an  Important  part  in  all  "cures." 

All  aati-aloohotic  senmi,  obtained  from  horses  treated  with  largo 
(uantities  of  alcohol  by  the  mouth,  has  been  advocated  by  Sapelier  for 
lersons  who  consUuitly  take  alcohol  Imt  have  no  organic  lesions  such  Jis 
rterioscJeiosis,  cinho-sis,  tuber cul^mis,  syphilis.  Our  knowledge  of  its 
|Be  is  not  sufficient  to  justify  a  definite  opinion  as  to  its  power  or  value. 


DELiRnTM  Tremens 


<SVN.— Alcoholic  delirium.  "The  Horrors") 


Delirium  tremens  seems  to  have  been  first  recognised  as  a  symptom* 
Xoup.  and  separated  from  acute  mania,  by  Sutton  of  Greenwich  in 
,813  ;  and  to  have  been  accurately  thtscrilHjd  by  Ware  of  Bi>aton,  U.S.  A., 
n  1831. 

Etiology. — Though  often  described  as  acute  alcoholism,  and  as  sorae- 
imes  coming  on  after  a  single  Imnt  of  hartl  drinking,  delirium  tremens 
%  usually  an  exacerbj»tion  in  the  course  of  chronic  alcoholism,  in  con- 
tant  soakers  who  are  rarely  drunk  but  hardly  ever  sober. 

rOU  II.— PT.  \  So 
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An  hcrLHliturv  Uiint,  whether  of  insanity,  alcohoUsint  or 
neurosis,  iiicreastw  tlie  liiibility  lo  dulirium  Ircmens.  This  u  probiKIr 
&fae  dflturmining  factor  in  many  cn&es  iti  wliicti  the  r^ymptonu  tiATs  AriMs 
ncutely  after  a  single  debauch  in  a  jKM-son  not  an  babitUEtl  drutLkanL  TV 
unsUible  condition  of  brain  miLtit!r  which  is  acquired  by  long-continiw^ 
alcoholic  oxct?:4i  in  other  ca»e8  itt  hereditary  in  the  ueuropaiiL,  ftnd  in  tV 
offspring  of  drunkards. 

It  was  formerly  supix>sed  that  delirium  Iremenft  waia  often  c«i^  ht 
the  intomiption  of  the  drinker's  accustomed  alcoholic  stimulus.     I' 
truth   is   that  the   distaste   for  diink  is  the  U'^^inninji;,  and  nnc  i ;  .- 
earliest  symptoms  of  an  impending  altat^k  of  dulirium  in*meu8 — the  rciiih 
luid  not  the  cruise  of  the  disease.     The  attack,  indc«d,  is  often  hnm^ 
on  by  a  bout  of  harder  drinking  than  usual 

A  sevHre  injury,  a  sudden   shock,  monud  or  bodily,  or  f^ 
jicntc  disease,  especially  pneumonia,  may  in  a  eonstfint  drinl*' 
the  sympt^tras  of  delirium.      After  operations  this  form  of  drliri>i:i 
fK'Cur;  but  it  is  practically  unknown  in  chihiliirth,  though  tt  ocoui<-i;^.> 
follows    iitcrino   operations.       This   staU;   ha^    l^ecn   called    **uMOciAtol 
delirium"   (Gowers),    or    "  tntumatic   delirium"   (S.    West),   and  is 
imndeiit  on  two  factors,  («)  th«  long-continued  toxic  effects  of  «! 
and  {b)  the  depressing  effect  of  injury  or  disejiso ;  so  that, 

being  equid,  the  prognosis  is  not  so  goo<l  in  this  form  of  d  i 

delirium  tromons.  Inileed,  in  onlinary  cases  of  the  diseajso  there  i»  ofteo 
acme  minoi-  exciting  cause  which  acts  as  a  "last  stniw"  in  the  caw  ctf  « 
soaker  on  the  verge  of  delirium  tremens ;  thus,  there  are  tmuiuckiaiil 
stiiges  between  the  classical  form  of  delirium  tremens  and  that  irtiifb 
appears  to  be  precipitfited  by  momentary  accident  It  has  )>een  tbcnjrkt 
tlijit  the  exciting  cause  of  delirium  tromons  ia  some  Ho*ondan'  aruto 
u>xietnia,  prol>ably  bacterial  and  from  the  intestinal  tnu-t  (Fi 
Uobertson). 

Morbid  Anatomy. — In  fatal  cases  of  delirium  Ireniens  thr  ge 
lesions  of  chronic  ulculiolism  may  Ife  found  after  death,  tu  the  ilcUni 
so  frequently  an  oxacorbation  of  that  disease. 

The  kidneys  are  usually  Inrge,  and  present  the  hjrpcrtrophy  doe  ta«i 
incrcjused  functional  activity.  The  liver  is  fatty  and  oft«n  much  imraiwl 
in  weight  from  this  c^iuse. 

Inasmuch  jls  death  is  usually  due  to  cardiac  faihire  the  ht^an  is  flsltbr, 
Hoinewhat  dilated,  and  often  shews  8<ime  fatty  chatigr  in  tht>  nVf' 
cardium  (udiby-cat  striation).  From  the  manner  of  death  bypo«taltf 
conge-!(ti»jn  fif  the  linigs  is  commoidy  t^j  Iw  exjjeclLxl. 

For  other  morbid  changes  the  reader  is  referred  to  pp.  9H,  916, 

Symptoms. — In  the  premonitory  stage,  which  is  of  variable  d 
there   in  iiicre:wing    restlessness  and  nen'ousness.     Appelito  for  ( 
lost,  and  often  even  the  taste  lor  alcohol  fails,  »r  is  inrneil  to 
on  the  other  hand,  drinking  inuy  be  cunLinutMl  right  up  to  the 
of  severe  symptoms.     The  ni;^ht  brings  no  re.iI  riwl  or  refresh 
passing  sliunlxirs  are  disturbed  or  broken  liy  unpleasant  or  terrific  ibtnit- 


ALCOHOUSM 


93« 


Hallucinations  crowd  into  the  waking  moments,  and  begin  to  be  trouble- 
leonie  also  in  tbc  daytime;  but  at  first  tbey  may  be  diverted  or  even 
^di&miased  by  an  effort  of  will 

The  onset  of  tiie  ucttiul  dL'lirium  in  the  second  stage  is  indicated  by 
Un  ex:igi;eration  of  thefle  symptonia.  Tremor  is  n  marked  featmei  and, 
though  it  is  more  manifest  in  the  hands,  tongue,  and  lips,  it  is  only 
necessary  to  lay  a  iiand  on  the  patient's  shoulder  in  order  to  detect 
vibrations  all  over  him.  This  tremor  is  a  further  develojiment  of  that  of 
chrfinic  utcoholism,  and  is  part  of  a  great  and  indeed  universal  muscular 
kmrest  which  shews  itself  in  continued  though  ineffectual  activity.     The 


tendons  of  the  patient's  finders  iuid  the  hands  are  continually  at  work, 
repeating  tlie  habitiiid  manipulations  of  his  trade  or  occupation,  cease- 
lessly pidlin^'  up  and  picking  at  the  bod-clothes,  or  scratching  the  body ; 
)io  tidgets  perpetually,  and  never  rests.  At  time.s  the  sufferer  wriggles 
under  the  clothes  like  au  imprisoned  animal.  The  mind  is  active  enough, 
and  is  engaged  in  making  plans  for  the  future;  or  is  swept  into  the  whirl 
of  hallucinations  which  can  no  longer  be  dismissed.  The  deliiiuni  is 
Inisy  with  a  continual  succession  of  cverchangiug  ideas,  but  each  train  of 
thought  lasts  for  a  short  time  only.  A  general  uneasiness  and  a  desire 
to  move  on  jwssess  the  patient;  he  woidd  piick  n|>,  st^irt  on  a  journey, 
or.  as  Trousseau  expresses  it,  get  away  from  himself.  The  activity  of  bis 
mental  processes  is  incontinently  expressed  by  garrtdous  and  incoherent 
talk,  concerned  chiefly  with  the  figments  of  his  brain ;  though  surrounding 
circumstances  come  in  for  some  eontemptuoas  or  querulous  comments.  Yet 
for  a  time,  even  in  the  midst  of  his  multitudinous  and  imaginary  pursuits, 
lie  can  collect  hiniHt'lf  Kutltricntl}'  to  answer  simple  (pieBtion»  ap[>op.itely. 
The  face  is  anxiou.s,  the  skin  bathed  in  pci-spiraiion,  the  eyes  furtive 
and  perpetually  moving,  and  the  pupils  usually  dilated.  The  excitement 
is  due  to  fear,  engendered  by  delusions  and  by  the  Wsual  and  auml 
hallucinations.  These  are  nearly  always  Inuthsome  or  terrifying — such 
as  beetles,  swarms  of  rate,  fishes  in  the  l>ed,  horses'  hc<ids  thrust  through 
tlie  walls,  or  yet  more  forniidabte  crejitiuns  of  a  nuirhid  imagination. 
Jjiter  he  ceases  to  recognise  those  around  him,  he  sees  in  his  fnends  or 
attendants  designing  enemies  or  derisive  fiends,  and  fancies  that  insults 
ftnd  offensive  remarks  emanate  from  them,  or  that  they  are  attempting  to 
poison  him  or  to  feed  him  with  offensive  food. 

'  The  prevailing  note  of  the  deliiium  is  one  of  terror:  in  order  to 
■BgLpc»  the  juiticnt  is  ever  anxious  to  be  up  and  otl',  and,  if  at  iilwrty, 
Hbid  make  an  immeiliate  exit  without  ceremony  tir  dressing ;  sometimes 
Indeed  by  the  bedroom  window  insteafl  of  the  d<x>r.  He  is  suspicious, 
«ver  on  tht;  watch  for  some  horrible  object  concealed  behin<i  the  curtains 
of  the  b«l  or  lurking  in  a  comer  of  the  room.  Occa.sionally,  under 
ihime  hallucination  or  delusion,  he  may  attack  the  att+^nd.ints  ;  but  gent-r- 
ally  he  cjin  be  controllctl  or  humourwi  witb  tact.  The  pul.«*e  is  now  rapid 
and  soft,  the  ^>ngue  moist,  tremulous,  and  covered  with  crejimj*  fur.  The 
temiMirature  is  usually  raised,  in  mihl  caseu  to  100"  ur  101  ,  and  in 
•erere  cases  to  103^  F.,  with  no  local  lesion  to  account  for  it;  though 


the  apprtihciision   of  a  Uteiit  pntiuinoni&  must   never  oacApe  the  nuui 
of    tbti    physician.       Tbei-e    is    coxu]jlet«    iiisonmia    ami    abMace 

The  uncomplicated  disease,  as  Ware  pointed  out,  is  tcU-liinitnig 
lifter  two  and  a  hjdf,  Ihreu,  or  four  days,  the  acute  ^tage,  in  nuMt 
muK!rguu.s  u  BpouUineoiis  ainulioraLion.     Hu;  iiiitient,    wh<i  hoM 
from  ahsolute  iusomiua,  sinks  into  a  quiet,  rcfivshini;  fileefi,  and  when  V 
a\vakti8  is  free  from  the  debriuui  and  hallucinalionb ;  ihoiigb  he  doc«  w^ 
lose  the  tremor  for  sonic  time.     In  favouralile  cases  con vjilc>»ocncci« 
In  severe  cases,  espeoially  where  there  have  Ijeen  severtd  pro^Houa  att»( 
the  lempurature  may  rise  aiifl  fatal  hyjierpyrexia  result;  or  a^tti,  p 
monia  may  set  in  ;  or  the  delirium  may  continue,  and  ihv  patient 
into  a  low  typhoid  state  ;  or  collapfie  or  death  fioni  synLX>pe  may  «wid« 
close  the  scene      In  other  easels^  aj^in,  the  delirium  may  '•• 
signs  of  general  failure  supervene.     Sometimes  epileptic  seizu; 
which  are  of  very  grave  impoi-t. 

Diagnosis.— Acute  mania  iH  the  disease  most  likely  to  bir  confuiu>irtl 
with  delirium  tremens;  hut  the  history,  the  tremor,  the  special  cb&nctti 
of  the  hallucinations,  und  iho  behaviour  of  the  patietit,  will  di^ting'ii'ii 
the  latter  from  the  fut'uter.  To  j^'eneral  pandysis  of  the  insuiv  with  tran-f 
there  is  some  resemblance  ;  l>ut  the  mental  exaltation  of  ihp  nriifll 
stages  of  general  paralysis  should  distinguish  tht»e  patienta  At  um 
the  territi<Mi  subjects  of  delirium  tremens. 

The  (juefltion  of  diagnosi.s   betwoott  meningitis  and  other 
organic  brain  disease  and  delirium  tremens  does  not  often  arise,  ih* 
•ippKU's  to  liavf^  arisen  in  formt'^r  limes  ;  the  presence  of  itamlvttiii, 
headache,  oplic  ueiu-itis,  irrugular  pulse,  and  oppression  of  coniscitflKnc*_ 
point  to  organic  brain  lesion  ;  while  the  presence  of  the  chamctfi 
delirium  and  tremor  would  at  once  suggest  delirium  tremens. 

In  fevers,  such  as  enteric,  where  deliriiim  may  lonn  part  of  dir 
disease  quite  apart  from  alcoholism,  it  nuiy  at  a  given  moment  bediffic«ll 
to  decide  vvlitjtlier  the  delirium  be  symptomatic — that  iH,  due  to  the  fipoa& 
fever,  or  whether  it  be  the  form  of  doUrium  tremens  (' 
lirium  ")  which  supervenes  when  injury  or  acute  disease  befalls  %  i 
The  imiK>rtant  condition,  however,  in  this  case  is  not  the  deliriiint, 
the  primary  disease. 

For  the  diagnosis  between  delirium  tremens  due  to  alcohol  uid 
similar  deliritmi  due  to  withdrawal  of  morphine  from  the  morphinist, 
reader  is  referred  to  the  article  on  Morphinism  in  this  volume,  p.  U'l.'' 

Prog'nosis. — In    first   and    uncomplicated    attacks    recovery   in  »kT' 
general,  though  in  a  chronic  alcoholic  recurrence  is  cjtlrcmely  prr>U 
Old  age,  previous  attJicks,  and  the  presence  of   oom[dicalinns  or 
morbid  conditions,  render  the  disease  a  formidable  one. 

In  "  associated  delirium  "  the  nervous  system  is  sufTerin^*  on  the 
hand  fi-om  shock  due  to  the  injury  or  rliscjise^  and  on  the  other  from 
long-continued  etfeots  of  alcohol ;  the  prognosis  i*  tin  reforc  wonfc  ihani 
ordinary  cases  of  delirium  tremens.     Much,  of  course.  d«])cnds  on 


ehftract«r  of  the  injury  or  acute  disease  ;  in  pneumonia  n  drinker's  chAnce 
of  recovory  is  poor,  and  double  pneumonia  is  practically  ulwjiys  fata.1. 

The  sUitVi  of  the.  hcjir-t  ia  of  primary  iraportanco.  A  heart  already 
dilate<i  is  a  very  serious  condition.  Signs  of  approaching  cardiuc  faihiro 
— «iich  as  faintnesji,  a  small,  irregular,  very  frequent  (over  130)  or  ruii- 
uinji^  pulse,  a  soft,  feeitle,  or  itiaudihlu  Hrst  sound,  or  a  munnur  at  the 
apex  with  an  accentuated  pulmoniiry  second  sound  are  of  very  bad  omen. 
Pro  -  existing  kidney  disease  is  a  grave  condition,  as  urfemia  ni;iy 
stijH-Tvene. 

If  pneumonia  appear  in  the  course  of  the  disease  the  outloolc  becomes 
very  aiixioiw.  A  tenipi-Talurft  of  ahout  103'^  F.,  e5|>ecially  in  old  iind 
debilitat^l  subjects,  is  always  a  cause  of  gmve  anxiety  ;  it  may  be  due 
to  the  insidious  establishment  of  pneumonia,  which  may  easily  escape 
detection  uule^  lookefl  for  from  day  to  day.  or  it  mav  be  merely  an  index 
of  the  profotmd  functional  disturbance.  Tlyjwrpyrexia  is  usuall}'  fatal. 
Convulsions  in  the  early  stage,  according  to  Sir  \\.  (Jewel's,  are  not  of 
much  ini{Mirtance ;  but  when  they  occur  later  the  prognosis  becomes 
very  grave. 

A  patient  who  takes  and  digests  his  f<Kid  nsiully  does  well :  while 
cirrhosis  of  the  Hver  or  gastric  caLiirrh,  by  interfering  with  digestion, 
diminishes  the  jiatient's  chances  of  recovery.  If  the  liisease  nm  on  and 
sleep  be  not  obtained,  or  obtained  only  in  very  insufficient  amounts,  there 
is  great  clanger  of  exliaiistion. 

On  amendmetit  the  s^Tnptoms  may  only  partially  abate  and  a  condi- 
tion of  mental  enfecblement  may  persist.  .Vfter  repeated  attacks  some 
degree  of  weak*mindednesg  is  often  pei-manent. 

There  are  then  three  degrees  of  the  disease: — (i.)  Uncomplicated 
attAcks,  in  which  the  prognosis  is  good  ;  (ii.)  "associated  delirium."  in  whicli 
the  prognosis  depeiuls  lai'gely  on  the  severity  of  the  atrectlnii  exciting  the 
delirium;  and  (iii.)  ciises  complicated  by  old  age,  debility,  previous 
attacks,  or  the  presence  of  visceral  disease,  in  all  of  which  the  prognosis 
ia  verj'  bad. 

Treatment.  ^The  most  important  points  iu*c  food,  sleep,  management, 
and  restraint. 

Feefling  is  of  gi'eat  importance,  seeing  that  the  patient  is  in  a  half- 
fitarve*!  condition,  and,  aa  a  nde,  has  taken  little  frM>d  for  a  considend>lc 
time  before  the  onset  of  jieute  symptoms.  Ciireful  feetling  from  the  out- 
let is  very  important,  both  for  immediate  relief  and  to  prevent  exlmus- 
tion  and  cardiac  failure  in  the  Inter  stages  of  the  disease. 

Anorexia  and  unwillingness  to  t-ake  fooil  (which  may  bo  due  to  a 
deUision  that  it  is  f>oisonous,  disgusting,  or  offensive)  require  considei-able 
tact  and  goodnature  on  the  i»art  of  the  attendants.  If  necessary,  a  nasjd 
tiibe  should  be  passed  and  fluid  food  thus  introduced  into  the  stomach  at 
intervals  of  not  more  than  three  hours. 

Beef-tea,  peptonised  milk,  soups  or  broths,  and.  If  acceptable,  pounded 
fish  or  mincemeat  should  be  given.  Care  should  be  taken,  however,  not 
to  overloa<l  a  stomach  the  digestive  powers  of  which  arc  almost  certaiidy 


much  impairefl  hy  chronic  catarrh.     Vomiting  must  he  rombwtwi  br  k 
offorvoscing  flmiights,  lime-water,  and  careful  fettling  vritb  smHll  <iihuiti:ii 
if  it  persist,  nutnent  enemas  or  sup|»ositorie3  may  be  employeti.     Iri 
presence  of  severe  compliratinns.  such  as  canliiic  failure,   pneiimonu, 
gront    c.vbtiiistion,  cjirdiac   and   vaflomotor  fllimuliiiits  Buch   as  lUi^ut 
lidreiialin,  elher,  and    ammonia    should   be  given   by  the   mouth; 
absoqjtion  is  slow,  anti  if  the  3)*mptoraa  continue,  hypodermic  inj* 
of  digitalin,  adrenalin,  liquor  strychninnp  TI\ij.-v.,  or  ether  arr  indie 
A   brisk  purge  should   he  given  at  the    beginning  of  the  ottu^lc,  «Q(1 
rei»eate*l  if  the  tongue  be  foul  or  constipation  he  preaejit 

In  pneumonia  inhalation  of  oxA'gen  may  be  necessary. 

5/«ip. — The  disease,  as  was  shewn  hy  Ware^  tonds  to  run  a 
course.     In  favourable  cases  the  acute  stage  terminates  in  el 
which  the  patient  is  no  longer  delirious.     Probably  as  a  refioU  af  i| 
sequence  of  events,  the  belief  arose  that  to  cure-  delirium  tremeiu 
proper  treatment  is  to  send  the  patient  to  sleep.     Sir  T.  WaUMin  ex\ 
this  view  of  the  treatment  in  liis  Lcctxires  on  Phvifiic  with  no  uncCTtnn 
voice.     For  this  purpose  morphine  or  opium  was  largely  given  ;  in 
cases  the  tlnigs  Failed  to  jrtoduce  any  effect  for  a  considerable  time,  p 
ubly  owing  to  delay  in  the  absorption  from  the  stomach.     In  thif 
large  doses  of  opium  were  sometimes  repeated,  and  with  the  rtsuli 
the  sleef>-at-any -price  treatment  tended  rather  to  sabatttute  tmltotie 
alcoholic  poisoning  than  to  cure  the  patient.     InstAnces  of  fatal 
directly   duo   to   the   "narcotic  treatment'    were   not   by   any  rnoHH 
unknown.     On  the  other  hand,  the  '*  natural  "  method  of  treatment  ui 
at  giving  no  narcotics  in  orfUnary  cases,  and  letting  the  discaM  run 
course.     In  prolonged  sleep! essucss,  however,  modentte  doses  of 
were  given.     Care  is  necessjiry,  not  only  in  deciding  wliea  mouanll 
tsure  sloop  should  IfO  taken,  but  also  in  deciding  on  the  nuauu  to 
Lployod  for  this  ou^l. 

HyiMjdermie  injection  is  a  very  raucli  more  ccrUiin  method  of  admtA 
istering  narcotics  than  by  the  mouth  ;  hence  morphine  ift  more  conveni 
than  opium.     After  an  injection  has  been  given,  the  effect  on  fha 
should  l>e  watched  and  a  soiiond  injection  should  not  >m!  given  until 
eftoct  of  the  fii"st  has  begun  to  wair  oft*;  so  as  to  avoid  any  poasibiUtyJ 
narcotic   poisoning.     Hyoscine    hydrobroniido    ^^n    gr.   hy^iodi 
sometimes  act**  satisfactorily,  but  is  not  very  trustworthy. 

It  has  been  suggested  that  a  pint  of  bitter  b<icr  or  jKtrlor  may  t* 
ttest  hypnotic  in  delirium  tremens ;  this  may  be  the  case  ;  but,  m  iht 
of  alcohol  tends  to  keep  up  the  drink  cniving,  its  Use  must  be  csmj^nr 
restricted. 

Hot  and  cold  packs  have  been  highly  recommended  as  a  vMAm  ctf 
inducing  sleep.     Sir  W.  Broadbcnt  advocates  cold  affnsion  ;  the  patSffll 
lies  on  a  blanket  with  a  macintosh  underneath,  and  is  repeatedly  S] 
all  over  with  ioe-cohl  water,  the  akin  being  riihb«!«l  an<i  dricii  between 
spongings.     Neither  pneumonia  nor  albuminuria  are  contradndicatint 

The  1>est  course  is  not  to  give  hypnotics  unless  the  ax^e  In.*  proloc 
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IT  it  Appear  that  the  patient  is  wearing  out  bis  strength  and  is  in  danger 
i  exhaustion.  Then,  uiilesa  there  be  any  marked  coTitra-inHication,  snch  as 
evere  \n\\^  or  kidney  mischief,  morphine  shoulrl  he  given  hypoderniicnily. 
f  moipliino  be  undesirable,  a  trial  should  be  made  of  sulpjional,  paraldc 
yde,  chloralami<Ie,  bromides,  trional,  or  veronal  ;  combined,  if  need  )>e, 
rith  A  cohl  or  hot  pack.  It  mui*t  h<»  admitted,  however,  that  these  drugs 
re  very  disappointing  in  this  disease. 

HrMrtiint  itiuf  Genn-td  Mawnjeiufnt.  —  Constant  watching  is  of  great 
mporUmcc  ;  in  the  acute  stage  the  patient,  if  left  alone  for  a  moment, 
a»y  jtnn|>  out  of  the  window,  or  comraifi  suicide  in  a  most  determined 
aann*'!.  Twq  strong  nui-se«  should  \>e  in  attendance,  and  »]io\ild  never 
uit  the  room  for  an  instant  until  relieved. 

The  piitient  should  bo  placed  in  a  cool,  quiet,  and  dark  room,  so  as 
o  favour  the  advent  of  sleep ;  and  should  lie  on  a  low  bed  preferably 
ladded — beds  with  sides  of  woven  wire  are  now  made,  and  are  very 
jieful — or  on  a  mattress  on  the  floor  of  a  x)adde(l  room.  No  mcchanicid 
twtraiiit  must  l)0  uswl  unless  the  dilliculties  be  exceptioiuilly  jneat. 
f  two  attendants  he  insufficient,  the  number  miist  be  incrcised.  In 
ho  presence  of  a  sufficient  number  of  attendants  accustomed  to  the 
lanageraent  of  iiuch  cases,  mechanical  restraint  is  not  neerled.  Alt 
och  patients  arc  quick  enough  to  sec  their  moments  for  submission 
r  for  escape.  If  mechanical  restraint  be  absolutely  necessary,  a  strong 
heet  may  l>e  tucked  well  and  tightly  down  on  both  sides,  but  no 
M-jipg  or  folds  across  thi*  V»ody  are  permissible,  as  such  bands  arrest 
twpiration,  if  they  do  not  now  and  then  bre;ik  a  rib.  Strait-jackets  are 
survival  of  the  dark  ages,  and  leather  wrist-liands  anrl  bandages  aiinide 
he  skin  and  give  rise  to  sores.  An  atteudnnt  who  kneels  upon  a  patient 
3ust    be   instantly   dismissed.     Very  much   can   be  done   without  any 

raint  by  ntLendant-s  who  kno\r  how  to  humour  the  patient,  anil  have 
in  soothing  and  diverting  him. 

As  convjdesccncf  iwlvances  attempts  to  overcome  the  drink  habit 
hould  Ih'!  made  l»y  moral  suasion,  and  by  the  a<lministration  of  strychnine, 
tropine,  capsicum,  and  so  forth.  After  recovery  the  patient  may  with 
dvantage  go  into  a  licensed  Retreat  under  the  Inebriates  Acts,  in  order 
f  possilile  to  be  cured  nf  the  drink  habit.      (I'iitf  p.  926.) 

Acute  Alcoholic  Mania  and  Melancholia. — In  i^iersons  with  an  hero- 
itar^*  nervuus  irriUibility  alcoholic  excess  may  be  the  immediate  caiise  of 
n  outburst  of  acute  mania  or  metaneholla. 

Alcohol  is  thus,  by  accident  its  it  were,  the  exciting  cause  of  an  atuck 
f  acute  mental  aberration ;  but  the  symptoms  may  not  be  in  any  way 
haracteristic  of  alcoholism.  This  subject  is  therefore  part  of  the  section 
a  insanity  (fufr  Vol.  VIII.),  and  ^vill  not  be  fiunher  treated  here. 

Dipsomania. — Dipsomania  or  ninomania  is  a  farm  of  recurrent  mania 
«r  psychical  epilepsy  attended  with  impulsive  dnmkenncas.  It  occurs 
leriotiically  at  intervals  of  two  to  twelve  months  in  persons  who  at  other 
imesiire  perfectly  sober  ami  free  from  the  drink  craving.  It  attacks  onl}' 
hose  who  have  a  decidedly  hereditjiry  taitit,  or  who  have  acquired  a 
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certain  iustability  of  the  nervous  system  h-om  head  injoriei, 
and  tlio  like.     In  women   the  |jenoilic  outbreak  often,  but  by 
atwtiyis  coincides  with  the  menHMual  fluw. 

The  premonitory  symptoms  are  restlessness  and  irritability  vA 
uud  mind,  Kleeplessne^s,  and  menUil  deprestiion  and  chjingit  in  ooodt 
After  iuofl'fctiml  striiggies  the  iMirrici-s  of  self-irorili-ul  break  duinu 
towards  iiigbt  or  in  the  night ;  alcohol  in  &ome  form  is  taken  copi 
and  the  patient  may  then  drink  stmight  on,  and   be  coutiiniou»[y  d 
for  a  week  or  a  foitnight ;  or  tie  may  itupidsivoly  drain  a  deca&ter  of 
wine,  und  rise  in  the  morning  released  from  temptation. 

When  the  outbreak  has  l)een  a  disgraceful  one  the  Binner  i«  o^'eiroor 
with  grief  and  shame,  and   pursues  the  tenor  of  a  sober  and  rvpiiV  :  '  ' 
until  the  next  periodic  attack  causes  him  again  to  run  amok  iu  ali' 

In  dipsomania,  between  the  recurrent  attacks  there  is  no  drink  cra^i^j 
und    no    great  danger   fi-om    temptation ;    it   thus    differs    from   chnnif 
alcoiiolism.     It   is  doubtful  whether  it  can  ever  be  cured,  thou, 
attacks  may  for  a  lifetime  be  so  brief  iis  to  remain  unknown  t«>  lb< 
In   those  ca^^es  in  which  one  heavy  draught  suthces  to  allay  the  '  ■ 
there   is  often  indeed  no  ajvpirent  intoxication,  an  immunity  it  c 
occasionally    oliserve    iu    persons    who    di ink    dueply    during*    •.  .<    > 
nourAlgia :    the    <loKe    seems    to    be    expeiided    on    the    reatoration  44 
equiUbriiun. 

DipKOmania  eviderttly  belongs  rather  to  insanity  than  to  alooholivBi 
(tir/c  Vol  Vni.  p.  2G9  ;  and  for  Treatment  by  Hypnotism,  p.  421^ 
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OPIUM  POISONING.  ANT)  OTHER   INTOXICATIONS 
I'rof.  T,  Clikfoad  Allbitt.  >r.D..  F.RS..  and  Prof.  W.  E.  Dtxox.  M.IJ. 

18  often  said  ttmt  the  craving  for  atiniiilant  and  ruircotic  drugs  is  a 
11  of  civiljaation  ;  the  labour  of  righteousneAs  and  wisdom  is  too  great 
nuxJei)  even  to  bo  Ixime — fai-  too  great  to  bo  conteniplat«d.  The  most 
nplacent  of  men  has  moods  in  which  he  wishes  ho  were  again  a  child  ; 

which  lit"  iHigreU  the  raoraeniJiry  joys,  the  c^releHsne^s  of  ihingi!^  to 
me:  once  again  ho  would  **play  aroiuul  the  den  of  sorrow."  The 
natinct  of  self-preservation  "  is  something  more  than  a  clinging  to  bare 
9;  it  contains  a  desire  for  the  fulness  of  it«  for  uncalculatod  pleasures, 
■  happiness  which  comes  without  scheming,  for  release  from  the  scheming 
lich  does  not  bring  happiness  after  all :  a  man  will  lay  down  his  life 
tbout  a  innrmiir,  but  if  it  is  to  be  lived  he  would  live  it  well. 

It  needs  no  long  consideration  to  tell  ua  that  these  despondencies  and 
38e  regreta  are  no  fniit  of  civilisation  :  the  yciming  for  a  deep  dr.mght 
life  is  of  all  time;  savage  and  civilised  man  alike  are  ready,  if  occasion 
"Vfl,  to  drown  care  in  fantasy,  and  through  some  magic  arch  of  ivory  to 
lye  into  the  land  of  the  blest. 

Prith  the  advance  of  "  cixnlisation  "  the  use  of  such  gramarye  as  lie«  in 
rbs  is  not  more  but  less  prevalent.  Noah,  as  soon  as  the  ark  was  well 
'  his  mind,  was  at  least  as  rcadv  as  a  city  broker  to  seek  a  cai-elijss  joy 
wine.     To  bring  higher  kinds  of  excitement  and  variety  into  the  lives 


N 


938 


SYSTEM  OF  MEDICiflR 


of  those  who  hftve  bihoured  and  striven,  or  lain  in  dulness  &nd 
IK  the  gift  not  of  barbarism,  but  of  the  arte. 

The  iruit  i-ule  of  the  trilHil  siiviigo  is  competisatiHl  by  iinn 
corybautic  ewiiement, ;  and  when  a  whole  chm  geta  drunk  At  onrr 
is  no  room  for  acaudsJ  ;  even  when  a  whole  village  gi'ts  dnuik  there  b 
one,  oxeopt  a  few  wives  who  do  not  count,  to  condemn  the  fcstivid: 
if  in  the  midst  of  a  solior  community  we  iiidi\idu;illy  seek  th«»o  Cicthiov' 
corisolatiuiis  wo  iind  that  scandal  is  awakened  and  moralists  are  aUmrad. 
On  the  other  luind,  in  times  like  our  own  no  doubt  the  modes  of  L»di 
gence  are  more  retined  and  the  ocwwious  of  it  more  secreL  In  the 
vice  a  soldier  given  to  drink  is  kept  more  or  less  Etraight  by  dtscij 
and  the  lack  of  private  opportunity  :  the  same  man  on  hi*  di 
diHgnices  hiruBetf,  the  restrjiint^i  nimn  him  are  lc«8  conet;»ut  »Dd 
The  niorr  civiliscil,  that  is,  the  more  various  and  iuuircsring  life  l»r«n»e«. 
the  more,  no  doubt,  will  be  the  occasions  of  secret  imiiilgrni-c;  Uit  tir 
temptation  will  be  less,  and,  though  we  shall  hear  more  of  them, 
sinners  will  be  fewer. 

^\^le^ein  lies  the  harm  of  "atimnUnts"  and  narooticfil     If  Uwyi 
short  cut*  to  happiness,  why  not  use  jjaths  ho  pleasant  f     I>o  wi?  orrt 
selves  prescril*  these  things  to  men  and  women  rucked  with  pnin,  or 
ont  )iy  labour  and  sorrow?    That  sometimes  and  for  mon  ir]« 

or  to  tbo«e   for  whom  all  hu[>o  of  life  is  void,  wc  do  .'i  i   ifc 

is  true  ;  but  we  do  it  with  the  utmost  precaution,  knowing  tiiac  they  «• 
by  reducing  life,  not  by  enlarging  it;  and,  moreover,  that  in 
degretffl  they  create  an  organic  need  which  when  sjiiirtfieti  brings  no 
F)kk1  to  a  hungry  man  fortifies  bis  life  ;  love  to  a  lorn  man  enlarge* 
sifcp  and  joy  refresh  us  for  new  adventures :  but  habitually  to  sati 
the  craving  for  dnigs  like  moqihine  anrl  alcohol,  brings  nothing  hnnie  Imt 
the  continual  dropping  of  their  endless  importunity.  And  this  is 
in  maiming  life  to  diminish  the  ca]}acity  for  ]iain,  we  likewiae  du 
the  capacity  for  happiness  also. 

The  highest  functions,  though  they  yield  the  most,  fatigue  na  im: 
the  machinery  is  at  once  the  most  complex,  the  most  co^r 
lejist  automatic.      By  the  ardour  of   aspiratiim  or  the  stcai 
faith  we  strive  to  liring  these  functions  into  habits,  ami  thus  to  build 
jileasures  to  abide  with  us ;  yet  in  this  exercise  the  friiilty  of  nuui.  dj 
ised  or  KirKnrian,  is  revealed.     Now  it  may  not  l»e  true  to  say  that  opij 
and  other  such  agents  cannot  do  anything  for  the  higher  life  ;  t** 
brilliant  men  the  very  treachery  of  them  has  lain  in  (he  fact  that 
have  some  m:u*k  of  virtue.     It  is  alleged  of  many  such  agent*  that 
atjigc  of  oblinon  ie  preceded  by  a  stage  of  stimulation.     How  far 
stage  is  but  apparent,  or  how  fjir  it  is  re;it,  ia  hard  to  say:  a  seilali( 
cerf  :iin  parts  may  throw  other  functions  into  an  eminence  which  maj 
positive  or  miiy  be  relative.     In  persons  of  \"ivid  scnsationa,  lo  calm 
commotion  of  conflicting  impulses  may  l>e  some  cnfrand' 
the  highest  faculties.     The  stories  of  such  lives  as  that  <if  < 
snch  a  possibility :  or  even  the  effeoto  of  n  quiet   pipe  apon 
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persons.     In  CTistomary  use  of  n  parHciilar  sedatire  the  system  ceases  to 

resent  its  presence,  ami  thus  the  initial  stjige  of  apparent  Rlimnljition,  which 
seems,  if  delusively,  to  play  a  part  in  the  action  of  uU  narcotics,  is  less 
)Uloye<l ;  though  on  the  other  hand  the  dowa  must  he  incrwised,  tind  a 
time  arrives  when  the  tlrug  dt)ea  little  or  no  more  than  satiate  the  craving 
for  it«  own  repetition.  iV^^ain,  after  tho  sense  of  excitement,  on  the 
l-wftv  to  the  stage  of  depreasion,  a  middle  moment  of  grateful  peace  and 
irre^ponsihility  is  expenenced :  *'Ta  there  any  peace  in  ever  climhing  up 
the*  climbing  wave?  Let  what  is  bi-okcn  so  remain.  The  gods  are  hard 
to  reconcile."  This  blissful  period,  however,  as  nervous  degradation 
becomes  cgtaUighcd,  i?  encroached  upon  by  misery,  as  is  the  pause  of  tlie 
heart  in  disejisc. 

The  nnly  <»mmon  factors  which  the  vast  group  of  parat&noid  hypnotics 
possess  are  a  general  power  of  diffusion  into  the  uninjured  cells  of  liWng 
tissues,  compjirative  insolubility  in  water,  and  a  greater  solultility  in  fat 
and  f:it-iikeconi[»oiuid8.  Hans  Meyer  :ind  Oveiion,  working  independently, 
have  constructed  a  hypothesis  which  afisiimes  that  in  the  living  hotly 
tho^e  hypnotic  substances  dispose  themselves  on  the  one  hand  acconling 
to  their  relative  solubility  in  fat-like  compounds  (lecithin,  choh'sterin) 
which  are  especially  cont^iiiic<l  in  nervous  tissues,  and  water,  which  i& 
represented  by  the  blood,  lymph,  and  other  tissues,  on  the  other.  The 
narcotic  action  of  a  substance  is  tlierefore  regarded  by  Meyer  as  a 
function    of    solubility    in    fat  -  like    com]>oimds.      In    support   of   this 

I  hypcuhesis  it  has  Wn  shewn  by  many  examples  that  all  inert  chemical 
bUbstauces  which  can  diffuse  into  living  cells  produce  narcosis  to  a  degree 
roughly  proportional  to  their  relative  solubility  in  fat  and  water.  The 
most  powerful  narcotic  8u1>6tance8  are  those  which  combine  a  very  slight 
gnlubility  in  water  with  a  very  high  snbibility  in  olive  oil  or  more 
especially  in  hrain-lipoid ;  the  foreign  snbstince  by  collecting  in  ncn'ous 
structures  impedes  activity,  and  ftll  the  cells,  nuitur  as  well  as  sensory, 
are  aflecterl  in  the  same  way.  Wo  have  thus  an  inttOligible  hj-pothesis, 
the  "partition  coefficient  theory,"  as  it  has  been  termed,  to  account  for 
the  action  of  a  great  group  of  chemically  inert  drugs,  which,  though 
acting  in  the  same  way,  have  no  chemical  properties  in  common.     It  is  not, 

I  however,   to  this  group  of  indilf)*rent  In-pnoiics  that  morphine  l)eloDg9 ; 

B|lU(jde  of  rtition  is  completely  difterent  from  theirs.     Morphine  exerts  a 

P^^ific  depresHiirit  action  upon  Hensf)ry  nerve-cells ;  an<l  tho  moUtr  nerve 
cella,  at  all  events  after  tho  moderate  doses  of  the  drug,  arc  not  influenced. 
So  that  the  patient  under  morphine  has  fewer  sensorj*  imptdses  of  all 
kinds,  but  the  motor  cortex  is  unaffected  and  in  animals  responds  to 
electrical  stimulation  in  the  usual  manner.  Bnt  morphine  has  one  action 
in  common  with  the  indiirerent  hypnotics:  it  proiluces  a  sequence  of 
symptoms  in  man  and  animals  which  can  l>e  explained  mrist  readily  on 
tho  assumption  that  it  depresses  the  various  cerebral  centres  in  the 
reverse  onler  of  their  development,  beginning  with  the  psychical  centres 
and  working  downwaixls  to  the  medulla,  thu.-*  affording  a  good  example 
of  tho  order  of  dissolution. 
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The  truth  is,  there  can  he  little  doubt,  as  Schnucdelbfirg  first 
out,  that  nai'cotics  have  no  element  of  pnnmry  atimulution  in  thvin  ;  ttil 
from  the  first  they  arrcHt  the  function  of  tiie  ]>arts  to  which  ihcj?  At 
theioselvcft,  the  pai'ta  first  invaded  being  the  highest  pUncs  of 
function.  Thus  releuaed  from  control  the  funotions  of  the  lower  ii 
tfike  tlieir  jtUy  ;  and  nereasitous  miin,  no  longer  "  uniazed  aiuoBg 
thorns  and  dangers  of  the  world,"  is  reduced  to  the  li^ht  and  carolflKHTVj 
of  the  child.  Gradually,  however,  the  dnig,  tiyhtenin;^  it*  bold  oo  tW 
hiiihcr,  penetrates  to  the  lower  planes  of  Htruclur'C,  and  so  [MrrrtftA 
the  grosser  viscera  of  the  body  that  gaiety  ends  in  abii8oment< 

PoiKorn'ng  by  opium  falls  readily  into  the  two  chupiare  of 
poisoning  and  Chronic  ]X)isoning ;  in  the  former  case  the  dru^  mai 
not  be  wilfidly  taken,  in  the  latter  ^Wlfully  always.  f-)piuai  \*>  Dirttr 
used,  except  in  the  cjiso  of  infants,  afi  a  means  of  slow  ixumler*  tor  ulucib 
purpose  it  is  unsujuble. 


Acute  Opiitm  PoisoxiNti.— The  notion  of  opium  generally  oomaip 
to  the  action  of  morphine  but  not  always,  for  opium  nbuiined  ffim  l'« 
and  India  (which  ia  unsuitable  for  use  iu  medicine)  often  eonUiiiu  ji  li 
amount  of  narcotinc,  sometimes  even  more  than  of  morphine.     N'wtina 
has  a  strycht line-like  action  on  the  conl,  thitt  is,  it  prcxluces  clonic  «n 
vulaions.       Morphine    and    narcotino    are    not,    however,    diaraelriallT 
opposed  in  action  ;  the  chatnoteristic  feature  of  the  former  is  dopmfluit 
of  the  censor}"  cells  of  the  brain  and  comparatively  little  nctiooi 
cord,  whilst  the  stimulant  ell'ect  of  the  latter  on  the  cord 
cerebral  effect.      Hence  certain  varieties  of  opium  have  a  mitre  c*jni 
action  than  others,  and  this  no  doubt  accounts  for  eomo  of  the 
caaes  of  idins3'ncraAy. 

Although  opium  or  morphine  is  used  so  rarely  by  poieouerB^  it  it 
olhurwnse  in   rpspcct  of   another  criminal   purjKistN   namely,  of 
Persona  aeriously  suicidal  often  seem  indeed  strangely  ii>  '   "        '  Xn 
amenities  of  the  practice.      So  far  from  invoking  a  gentU  de 

such   jwrsons,  in  tlieir  hatred  of  life^  often  st'cm  to  find  a.  ^\^e  del 
in    rending    the  garmefit  of  th«*   llefih   vinlently  from   them.      Mofmi 
temptation  to  suicide  usually  presents  itself  to  the  actur  in  a  ooi 
fdrui,  a?*  shooting,  drowning,  jroisoning,  and  so  forth  :  tbiis  each 
peison   has  his  own  fii^hion  of   seoldng  death.      Still,   among   tb« 
blofidthirsty  suicides — in   those  who  put  an  end   to  themselvos,  wl] 
abhorrence  of  life,  but  in  pique,  feiir  of  shame,  or  fantasy — opium,  wl 
oflfers  a  calm  and  jminies^  deatti,  is  often  the  chfisen  mean& 

Again,  opium  is  so  commonly  used  as  a  medicine  or  afi  an  indalj 
and,   as  a   liniment   or   the  like  is  so  often  at   band,   that   nccidt 
poisoning  by  its  nienns  is  no  rare  mishap-      liecent  le^slation.  hoi 
or  modem  intelligence  which  is  more  etrectualf  hafi  leaBenot]  the  nui 
of  these  accidents. 

The  varying  susceptibility  of  various  persons  to  opium  is  nssuu-l 
The  extreme  sensitiveness  of  children  to  the  drug  is  well  known : 
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iadec<l,  some  adults  fall  into  n  Hynco])c  on  taking  very  sni:i11  qiiantitit^s — 
auch  ijuantitibs,  for  example,  as  may  be  conuinod  in  ordinary  foii^;!i 
ayni|i8.  Others  again  shew  ;i  remiirkable  tolerance  of  o])iura,  and,  jis  in 
them  the  preliminary  "  stage  of  stimtiUlioii "  is  prolonged,  or  is  unblnrred 
)iy  mitlaise  (as  in  the  case  of  He  Quincey  and  probably  of  Coleridge),  they 
art'  the  more  liable  to  fall  into  hahiiiial  indulgence. 

It  is  said  that  on  ingi^-^tioii  of  overwhehiiing  dostts  of  opium  seni- 
l^&uctfs  of  excitement  are  absent,  or  nearly  bo.  This  statement  must  lie 
taken  with  diHcrimination.  Cases  are  recortleil  by  Tardieu  and  others, 
irndcr  the  name  of  ""{n  forim  fmdrotjante"  in  which  the  i)iitiont  falls 
almost  Jit  once  into  coma ;  the  limbs  ai'e  relaxed,  and  no  response  can  bo 
elicited  from  the  skin  or  the  conjnnctivji.  Death,  in  the  coma  which 
appeared  at  the  outset,  may  occur  within  an  liour,  or  even  in  hidf  an  Lonr. 
Xo  delirium  or  convulsion  is  seen,  and  the  fiiuil  phenomenon,  ililutation  of 
the  pupila,  is  seen  .almost  or  quite  fn»m  the  iM'giiming.  We  shall  make, 
of  course,  the  obvious  reflection  that  the  characters  of  the  symptoms  may 
depend  not  merely  on  dose,  or  on  f)eri5onal  idiosyncrasy,  but  on  the  con- 
ditions of  absoi-ption  at  the  moment  of  ingestion. 

In  these  fulminating  cases  symptoms  of  excitement  may  be  impercep 
tible  or  altogether  wanting;  and  this  is  more  likely  Ui  be  the  case  if  a 
fatal  dose  fif  morphine  I>e  administiTO*!  subcutaneously.  But  in  ordinary 
circumstances,  when  the  symptoms  come  on  more  gradually  and  may  take 
half  an  hoiu*  or  an  hour  to  develop  themselves,  some  signs  of  apparent 
I  excitement  are  not  wanting.  The  skin  is  hot,  the  pulse  is  i^uick,  the 
heart  throl>a  or  palpitates,  the  head  may  ache,  or  dreams  merging  into 
delirium  may  Ik;  witnessed  for  a  {Kissiitg  interval  In  this  state,  moreover, 
ibe>  pupils  are  minutely  contracted.  In  some  cjise^  the  agitation  and 
''  hjillueinationa  are  terrific,  and  the  reflexes  vivid  ;  such  cases  are  more 
I  usual  in  women  and  children  possessing  a  highly  emotional  temperament 
I  than  in  men,  but  they  are  commonest  in  Malays  and  s^mie  other  FlastiM'n 
I  races.  Cats  (Folida'}  are  peculiiu*  among  animals  in  that  moiphine 
\  always  induces  great  excitement  in  them  ;  the  animal  i-ushes  wildly  aUmt, 
{  npfuirently  without  an  ohject,  not  always  a\oiding  olwtiiclcs.  This  state 
does  not  depend  on  direct  stimulation  of  the  motor  area,  for  electrical 
'  excitation  of  this  part  elicits  a  normal  response.  The  excitement  nuist 
'  be  explained  by  a  dissolution  of  the  controlling  centres.  Why  the  eat 
should  be  affected  in  this  way  more  than  other  animals,  it  is  difficult  to 
■  understand  ;  but  drugs  which  attack  the  central  nervous  ny^tevoi  always 
I  exhibit  these  differences  in  diflorent  animals  and  not  iufrecpiently  indeed 
I  in  animals  of  the  same  genus.  To  exemplify  this  it  is  only  necessary  to 
I  refer  to  the  varieties  nf  alcoholic  int<^ixication  in  man,  the  laerimoB<\ 
I  pugnacious,  hilariouai,  and  so  forth  ;  all  of  which  are  determinefl  by  the 
IUmb  B  habitual  mo<ids.one  variety  being  usually  constant  for  e^ich  individual. 
Hf  Stupor  then  gradually  gains  upon  a  perioil  nf  excitement^  which  may 
"^  virtually  absent,  more  or  less  transient,  or  more  or  loss  c^^mfined  to 
;  certain  regions  or  functional  groups  of  the  bwly.  The  face  lx'conie« 
more  dusky,  the  blood- pressure  falls  a  little,  and  the  breathing  is  more 
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alow  ami  stortoroiis  ;  no  extenml  atimulation  can  awaken  a  rMpoaiB : 
iimha  are  relaxed^  the  pulse  feeble  and  irregular.      The   -■■■■'■  \ 

witli  the  exception  of  tho  sweat,  have  been  falling  in  4*. 
l>eginuing,  arc  now  suppressed  ;  the  sphincters  are  relaxed,  and  the  puj 
dilate.  During  the  advance  of  this  comatose  state  tho  patient  u  Dol 
unconscious,  but  cm  long  he  id  not  to  bo  ai'ouaed  by  any  noiAC  or 
tiou  ;  though  for  a  little  while  such  mearis  may  bring  a  retnniing  fii 
to  tlie  cheek  or  a  little  more  foi-ce  into  ibe  respiration.  If  death  tuxTirJ 
coraoa  by  failure  of  the  respimtion,  which  liecomes  uneven,  tiilal, 
even  so  slow  as  10  in  tho  minute.  \Ve  have  once  or  twice  mwd  «li| 
convulsive  nioveniettts  dui-in<;  the  coma,  >iut  in  tho  earlier  sugea  nf  it 
SoniG  writers  speak  of  intercun-ent  moments  of  awakening ;  at  any  aw 
false  semblances  of  amendment  are  ats  common  as  tliey  are  deceitful 

The  diiratiua  of  the  etnna  is  rather  variable,  but  ticver  lasts  mi>ir  tluti 
a  few  hours  :  the  duration  depends,  indeed,  less  on  the  rpumtity  taken  thifl 
on  the  temporary  coniiitions  uf  aljsorption  and  the  ti'lcranco  tjf  ibr  iwlj 
vidiud.     A  persistent  improvement  in  the  depths  of  the  ivspiration*  m! 
in  the  colour  of  the  skin  would  he  the  first  sign  of  recovery;  ih-  >  . 
we  have  said  uf  false  semblances  of  recovery,  such  signs  roui*t  ruit  It:  m- 
reatlily  aueoptod  :  moreover,  rehi|)Bes  are  not  uneommoit,  due  ppflnblT  t<> 
some  renewed  dispersion  of  the  ]H>iBon  into  the  system.    Thi*  1 
exireted  into  tho  stomach  and  int<?stines,  and  thi**  may  be  re-<i 
so  work  in  a  vicious  circle.     In  acute  cases  in  cliildrcii  Sir  T.  Si' 
says  that  "the  second  stiigo  of  intoxication  is  often  wanting,  ami   . 
collapse  nnd  complete  unconsciousness  rapidly  supervene." 

Diag'nosls. — Althonj;h   the   candidate   for  a  niedi<^il   dc;:  "~ 

invited  to  give  the  f>oints  of  diagnt>sis  between  acute  ]K)isi>nir.. 
or  by  alcohiil,  and  of  these  again  fnjin  hiemurrhnge  into  the  |jt.ii*  '^ 
yet  in  some  tiasea  a  positive  diagnasis  is  out  of  reach  ;  and  in  man*  [ 
a  diagnosis  cin  be  founded  only  upon  such  incidental  circumsiaDPC*  w 
the  smell  of  opium  in  the  vomit  or  breiith,  or  on  such  evidence«  of 
as  mentitl  disorder,  purchjise  of  the  drug,  empty  boltle-&,  atiil  ao  fnrtlL 

Unless  the  ]Hitieiit  be  in  the  final  stage,  the  pupils  will  be  equal 
closely  ciinti-acU!(K   and   the    unconsciousness    profound.       An    al 
patient  is  rarely  intoxicate<l  beyond  the  jxtints  of  ntruggling  and  »wi«r 
ing.  under  which  emotions  his  pupils  often  vary  in  size.     AJhomiat 
may   i-cault   from   the   prolonged    use    of   opium :    on   tho    other 
endence  of   the    presence  of    mnrphine   in    the   system  of   a  coi 
person  does  not   exclude    anemia ;    it   might   even   suggest    it. 
syncope  the  distinction  should  not  be  dithenlU  except  in   the  last  « 
when  the  sUite  may  partake  of  the  syncopic  character;  yet  e\rn 
the   stupor   nnd   abolition   of   reflexes   may  direct   the   oWrvei'  arij 
General  comnilsions  at  tho  outset,  if  the  outlet  were  witnessed.  uuuM 
suggest  opium,  but  rather  mtemia,  or  hiemon'hago  on  tho  surfi<m  of 
bniin  ;  here  again  the  almost  invariable  equality  and  pin-hole  r^mti 
of  tho  morjihinons  pupils  may  jtssist  us.      A  unilatcnd  sA'Uiptorn,  whel 
ptirotic,  spasmodic,  or  ocular^  would  divert  the  utiontiun  from  u(uum  ; 
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a  rise  of  temperature  would  direct  our  surmises  towards  cerebml  boemor- 
riiage.  In  diabetic  coma  we  may  ha^e  the  emell  of  the  breath  to  help 
tw;  and  the  exatnirmtion  of  a  specimen  of  the  urint:,  which  may  be  drawn 
off  by  the  catheter,  is  imfxirtaiit.  Tidid  breathing  (Cheyiie  Stokes)  nuiy 
occar  ill  opium  poisoning,  chloral  poisoning,  cerebral  hs^morrbage,  diabetes, 
or  unmmiH;  its  significance  is  a  deficiency  of  oxygen  in  the  blood,  and  the 
condition  can  generally  Vmj  removed  by  the  inh.-dation  of  oxygen.  The 
Slate  of  the  pupiL^  tisuall}'  suffices  to  distinguish  opitim  from  chloral 
|>oi»«oning,  and  from  tliis  their  minute  and  equal  contraction  with  sweating 
skin  must  be  distinctive. 

Morbid  Anatomy. — There  is  nothing  in  opium  poisoning  to  distinguish 
tho  brain  from  other  conditions  in  wliich  cerebral  *' congestion  occui-s"; 
nor  is  there  any  constant  morbid  feature  of  the  lungs  or  heart.  Prof.  Osier, 
however,  reports  that  extreme  [>a.'*sive  congestion  of  the  hai»e*  of  the  lungs 
lakes  place,  as  in  (H'rebral  ajjoplcxy.  Medico-legal  considerations  do  not 
come  within  the  limits  of  this  work. 

Tl^eatment — The  hrst  indic*ition,  it  is  needless  to  sity,  is  to  empty 
the  stomach :  even  if  it  l>e  known  that  the  poison  whs  taken  hypu- 
dermically  this  operation  must  not  be  omitted,  as  morphine  in  smaller 
or  latter  (piantities  finds  its  way  into  the  stomach  from  the  blood. 
To  empty  the  stomach,  the  biphi»n  is  the  projter  means.  Kmclics  would 
probably  act  slowly  or  not  at  all :  in  the  use  of  potent  emetics  there  is  a 
risk  of  sniuthcring  the  sptirk  of  life.  Vet  if  no  siphon  be  at  hand,  an 
ometic  of  mustard  and  wutermust  be  administered  ;  or  apomor[>hine  may 
be  given  under  the  skin,  but  it  is  a  very  depressing  agent,  and  iu  so  pro- 
found an  Ji|«ithy  the  reaction  to  a  drug,  even  subcutuneously  introduced, 
may  l>e  slow  an<l  im|>erfect;  ]>erha|)3  it  may  Ije safely  given  with  striclmine. 
Besides  emptying  tlie  stomach  at  hidfbourly  inten'als,  to  remove  the 
auccessive  iiiHltrations  of  the  poi.'^on  which  are  excreted  into  its  cavity, 
can  we  do  anything  more  ? 

It  is  the  custom^  a  custom  in  which  we  have  loyally  taken  our  part 
during  many  a  we;iry  hour,  to  "arouse "the  patient  by  bullying  him. 
He  is  cuffed,  diaggcd  up  and  down  the  iX)om  by  relays  of  ftithusiiuita, 
pinched^  singed,  rtippe<l  with  wet  towels,  ba^vleil  at,  and  nicked  by 
electric  curn(nts  strong  enough  to  drive  an  omnibus.  Now,  although 
these  meiLsures  may,  no  tloubt,  animate  a  medical  student  with  his  first 
real  sense  of  doing  some  good  in  the  world,  yet  they  are  almost  as 
me\Qs»  as  barbarous.  AVbat  possible  end  can  be  served  by  flagellating  a 
la  corpse  ?  8<>  long  as  the  poison  oppresses  the  nervous  centres 
it  is  useless ;  when  the  ywison  is  clearing  away  it  is  otiose.  Two 
good  purposes  may  jH>ssibly  bo  credited  to  them  :  it  may  \k  alleged 
that  such  cH'orts  raise  arterial  hlood-presamc^  and  that  the  wei-towcl 
business  may  stimulate  the  respirator}'  centre.  Now  we  know  little 
enough  alout  the  conditions  which  modify  blood- pressure  ;  that  muscular 
exercise,  or  at  any  rate  the  first  initiation  of  it,  raises  the  pressure  is 
true  ;  but  to  this  end  there  must  be  a  function  on  the  p;irt  of  the  patient : 
to  haul  a  dummy  alnjut  the  ixK>m  will  only  raise  the  blood -pressure  of 


the  Atiemianu.      If   the   respiratory  function   may  be  «tiniQUi«l 
"towel-ending,"  far  bo  it  from  lis  to  deprive  the  |*atient  of  nicb 
tioiis.      But  fteeing  ttint  we  are  in  some  moA^ure  indL^pendent  of 
drowsy  nerve<;ent,re,  and  can  for  a  wliilti  [wrfonn  the  p^tieut'a  rMfxr^ 
tioii  much  better  than  he  can,  why  resort  to  dubioua  means  f    It 
of  nil  this  rough-and  ready  tiitbttluncp,  relays  of  attendants  tiiouk] 
deliberately  organised  for  artiticial  respiration,  und  the  re8|uration  llii 
kept  going  in  order  that,  as  the  ix)i&on  is  excretod,  if  happily  it  nq 
be,  the  awiikening  centre   may  Hnd   that  ita  work  has  been  going 
during  its  abeyance,  and   that  itti  machinery  is  iu  working  onlitr.     Ail 
clearing    the   stomach,  artificial    respii'ation,   the   inhalation  of  i>xr{ 
and  the  application  of  warmth  to  the  Ixidy  and  tirabe,  ai-e  the  first 
chief    means   of    restoration.       A   lowered    temperature    la  one   of 
constant  effects  of   narcotic   poisoning,  and   is  apparently  due  belli 
depi"ession   of   the    heat-centre   in    the   corpus    striatum  and    abwrticc 
voluntary  movement     And  one  of  tlio  moat  important  mcami  of 
venting   death    from    collapse    is    to   ensure   continuous   application 
arlilicii'J   warmth    to    the   patienfa  body.      Now,  can   we  do  auyl 
else  i     Are  there  any  spocilics  which  have  the  power  of  neutiulifiDg 
counteracting  the  opium  or  the  morphine  t     Prof.  Bins  and  Sir  Luij 
Brunton  say  Dial  atropine  has  an  antagonistic  action   to  opiui 
a  ecrtJiin  point,  chiefly  in   its  action  on  i-espiration — atropine 
a  stimulant,  and  morphine  as  a  depressant  on   the  respimtnry 
We  liave  administBied  atropine  in  several  cases  of  opium  pjiscmin^' 
have  thought  with  ocoaaional  advantage,  but  certainly  not  with  any 
or  consistent  success.     Thuse  drugs,  though  anl&gooistic  as  reganU 
effect  nn  the  medulla,  probably  do  not  act  on  the  same  cells.     M* 
depresses  the  sensory  nervc-cella,  and  its  effects  are  due  to  a  d^ficiM 
of  afferent  impulses.     Atropine,  on  the  contrary,  appears  to  act  oo 
efferent  impulses,  probably   the  motor   nerve-cells  are  rendrred  hy 
excitable.     In  view  of  the  depression  of  the  rcspiratoiy  centre  it  is  well 
inject  small  and  cautiously  repeated  doses,  watcliing  the  effects  upon 
function  ;  but  blindly  to  pour  in  a  second  vindent  iwison  upon  the 
can   never  be   paidoiialtlc    so    long  as   our   knowledge    on    the   «ubj< 
remains   Jis   scjinty  as    unfortunately    it   is   at    present      The   obvn 
antagonism  of   the  actions  of   thejie  dnigs   n[K>n   the  pupil   hoa  can 
too   much    confidence   in    the    completonesa   of    thesir   opposition 
antagonism    is    only   apparent,    for    the    morphine    produces   it^   ef 
centrally,  whilst    the  atropine  acts   by  rippressing  the   t<jrminals  of 
thinl  nerve  in  the  iris.     Pure  caffeine,  however  (not  the  ci' 
is   not  so   constant  a  drug),  may  be  sjifeiy  injecl<Ml   subcut.i 
doses  of  five  grains ;  the  dose  may  l>e  re|>oated,  and   injr<rtion»  oi 
infusion  of  coffee  or  green  te;i  may  Ije  thrown  into  the  rectum.     So 
then,  our  means  seem  to  be  evacuation  of  the  stomach,  uijedJons  of 
caffeine  and  hot  coffee,  a  cautious  trial  of   ,<„  to  ^  gr.  of  atropine, 
artiticial    respiration,   uith   perhaps   the    inhahition    of   oxygen*   u   U» 
function  becomes  more  shallow  or  uneven.     The  caiffnine  is  an  oxceOtfU 
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edulUry  Htininlant,  and  it.  is  bettor  to  rely  on  thin  Hit!  than  to  give 
cobol  80  freely  iis  is  oft^n  recommended.  It  mnst  bo  rcmoiubered  thnt 
cohol,  nlthough  possibly  of  use  us  a  cjirdiuc  etiruulnnt,  is  a  MHrcutic  poison, 
upefying  th«;  bruin.  Morpiiine,  even  in  the  largest  doses,  has  no  direct 
tion  upon  the  heart;  if  the  heart  shows  .<$igMs  of  failure  it  is  due  to 
her  indirect  caiwes,  such  jus  iiietticient  i-eapiraticn  or  collapse,  following 
I  excessive  fall  of  temiiemture. 

Of  lute  years  poUis^ium  permanganate  has  been  wurntly  recommended. 
is,  unfortunately,  only  destniciive  of  thiit  |Kn-tiun  of  the  alkaloid  present 

the  stomach,  and  then  only  if  the  stomach  be  nearly  empty.  By  this 
ntaet  the  salt  oxidi^^es  the  alkaloid,  and  thus  reduces  it  to  a  haimlfss 
lie  ;  and  it  must  be  JMlmittcd  thut  Dr.  Mour  baa  tihcwu  by  his  olwcrva- 
tns,  including  a  number  of  experiments  on  nmn  (such  as  the  administrn- 
III  of  three  to  five  ;j;rains  of  morphine  follo\ve<l  by  ifie  penuanganale), 
(It  the  remedy  has  considerable  power  upon  the  poison  while  the  latter 
stiJl  in  the  .stomach.     It  is  clearly  our  duty,  then,  to  inject  a  solution 

the  potassium  sjtit  (tea  gniiiis  diss^olved  in  six  oiuices  of  water)  into 
»  stomach  at  the  time  of  using  the  stomuch-tube  ;  or,  if  this  cannot,  be 
;roduced,  to  administer  it  by  the  nasal  tube.  Although  the  inlradtic- 
>n  of  the  i*eimanganate  into  the  stomach  aumot  directly  neutralise 
irphino  already  absorbed,  yet  wo  have  seen  that  small  quantities  of 
)rphino  return  to  the  cavity  of  the  stomach,  even  when  the  dru^  is 
terte<i  suU-utaneously  (lOmdidoft*).  So  far  as  this  be  true,  the.  iiitro- 
ction  of  the  permanganuLe  is  always  a  reasonable  measure;  and  Dr. 
oor  relates  a  case  in  which  morphine  was  found  in  the  stomach  thirteen 
urs  after  I'H)  p-iLJns  of  opium  had  been  swaUoweil.  He  directs  us  to 
minister  ludf  a  gianune  to  a  gramme  of  the  antidote  in  an  ounce  of 
Iter  every  half  huur  by  the  mouth;  or  as  frequently  to  wasli  out  the 
imach  with  a  wuik  solution  of  the  permanganate.  It  is  hardly  neces- 
py  to  point  out  that  the  hypodermic  injection  of  permanganate  is  quit© 
eless,  as  the  drug  is  reduced  befoi*e  it  reaches  the  circulation. 

Chiiomc  Poisoning. — In  Children. — Of  the  slow  poisoning  of  infants 
,d  very  young  children  by  thuse  narcotics  which  contain  opium  we  have 
tie  or  no  experience.  We  are  UjUI  that  such  practices  may  lie  suspected 
lien  an  infant  dwindles,  turns  sallow,  ami  is  constipated,  or  ha^i  diarrhtea 
ith  offensive  stools.  Incontinence  of  urine,  if  continence  had  been 
nched,  may  recur.  \\'ith  its  sickly  looks  the  |»itient  lase.**  appetite, 
i<l,  when  not  under  the  inlluence  of  the  sedative*  ib  irritable  and  slccp- 
ss ;  hence  of  course,  the  excuse  for  ci>ntinning  the  use  of  the  drug.  In 
ildren,  as  in  arlults,  pruritus  and  albuminuria  may  he  observeil.  It  is 
id  that  not  only  are  eli.xirs,  and  the  like,  containing  laudanum  or  other 
liates  given  l)y  the  mouth  to  children,  but  even  clysters  also.  The 
fficulty  of  treating  such  cases  lies  in  the  discovery  of  the  cause  of  the 
Imont ;  on  such  discovery  gradual  withdrawal  of  the  drug  is  all  that  is 
quired.  Matiison  cites  a  case  of  chronic  opium  poisoning  in  childhood. 
baby  of  seven  months,  when  first  seen,  presented  the  shrivelled  luid 
roL.  11. — PT.  I  3  p 
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wi'inkled  appearance  of  an  old  inan.     The  child  had  been  nomal  hI  Uni, 
and  had  thriven  up  to  the  age  of  four  months,  when,  in  order  to  f|Hiea it 
when  fretful,  paregoric  tvas  given  to  it.     I^iudanum  soon  became  net*- 
sary,  and  in  increafiing  doses,  so  that  when  the  child  was  first  i«cn  In 
the  physician  it  weighed  only  scvon  ptxinds,  and   waa  very  weak  lai 
emaciated  :  it  was  taking  at  this  time  no  less  than  an  ounco  of  Uwlaaau 
daily.     Tht^  laudnnum  was  reduced  hy  one  drop  nt  each  do^e,  and  tl  dtf 
end  of  a  month  the  child  Imd  Ijecomc  plump  and  wtll  itguJii.     It  muit  lul 
he  (inserted,  on  the  other  hmid,  that  opium  uu^dit  never  to  Us  adnjini<t<n4 
to  infanu:  we  have  the  authority  of  Dr.  Kustace  Smith  aud  otbcn 
raying  that  opium  mny  be  of  "extreme  value"  in  tbeir  lulmentik 
Etutjice  Smith  tells  us  that  no  ill  effects  will  ensue  if  care  \yt  talcea 
begin  with  n  HuHiciently  small  dose,  and  to  postpone  a  aocund  du»t-  uiitO 
the  effects  of  the  first  have  been  ascertained.     Thu«,  for  a  chiW  of  uot 
yeiir  old  sulTering  from  ]>nr;^nng,  if  one  minim  of  laudanum  hare  not  pn^ 
iliiced  drowsinesw,  anothor  may  be  given  in  six   hours ;  with  thia»  iw 
cautions  the  remedy  will  be  well  borne  three  times  a  day  (cf.  Vol.  1  p  '?^'' 

A  curious  assertion  lias  been  made  by  Dr.  Happel,  that  tbu 
of  morphinists  often  shew  at  birth  the  "symptoms  of  withdmwal  u[  iw 
drug ;  that  they  readily  bi^como  cyanotic,  »nd  need  morphine  aud  akobnl 
to  rear  them.  Dr.  C'roUiei-s,  in  the  same  discussion  (42),  lulded  tint 
these  tliildren  not  rarely  become  themsehes  morphinists  or  alcoholnu  b 
after-life.  It  must  be  difficult  to  distinguish  between  such  a  diirct  icl 
specific  influence  and  the  more  general  forms  of  neurotic  inherit 
Koiir  cases  recur  to  our  memory :  in  one  case  the  child  of  a  n>or))i 
father  was  mikrkcd  only  by  astbmfL,  which  probably  was  part  of  a  neui 
itdieriUmce  indeiten<lently  of  the  morphinism  ;  anil  the  childn-n  \A 
morphinist  mothei-a  were  fairly  healthy.  As  the  use  of  xas^ 
diminishes  sexual  desire,  the  children  of  morphinist  mothers  are  _ 
commonly  met  with  than  of  morphinist  fathers.  Such  cbildreo  an  ^ 
doubt  born  in  jioison,  and  need  most  careful  feeding  and  mnnagnacat  tt 
atuin  a  fairly  healthy  state  (Gossmann).  F.rlenmeycr  »iw  a  hralthy  ciiH 
born  of  two  inveterate  morphinists;  but  on  the  other  hand  he  xt^txe^ 
that  many  such  children  arc  E^ickly,  frail,  and  bhxKlless. 

Chronic  Poisoning'  in  Adults. — (SvNONyaiB:  MorphinLitn,  nwrjim 
mania,  MoiyfuumsurJU,) — AVc  now  enter  upon  the  most  imporunt  r>»*T»t'f 
of  our  subject,  namely,  of  the  opium -ealor  or  morphinist,  ' 
opium  habits  may  be  divided  into  throe  practices — that  of  the  ojnun 
eater,  by  whom  the  drug  is  swallowed  in  the  crude  slatr  or  in  prnptntiO0 
of  the  crude  drug,  such,  for  exjimple,  as  laiidatuim  ;  the  opium  *iU'ikci. 
who  intialt-s  sublimated  prcnlucts  of  it;  and  the  morphinist,  ^bo  mj<«ti 
a  solution  of  morphine  under  the  skin,  or  in  some  cases  into  a  vein. 

It  is  neither  pn.<4sible  nor  nccpssary  to  enter  into  the  whole  mattiarQl 
the  use  and  abuse  of  opium  b}'  the  njnttmnUrr,  The  reader  who  !•• 
{>entsed  any  great  part  of  the  evidence  taken  by  the  Opium  C<»ramiMiM 
ill  liidia  is  aware  that  opium  is  used  by  a  vast  number  of  yi'm  Majcs^'* 
subjects,  aud  by  thousands  of  others  beyond  liis  doniiniuna,  >n  the  bill 
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ihat  the  drug  is  useful  to  them,  nnd  is  not  abuRcd  in  any  ordinary  senBo 
oi  the  turni.  \N'hether  it  be  taken  as  an  antidote  to  fever  or  other  ill- 
facallb,  or  Jts  one  of  ihowe  nervine  agents  which  all  people,  civilised  or 
uncivilised,  discover — as  we  have  discuvere*!  tea,  eoffce,  and  tobicco — to 
lootbe  the  nervous  system,  to  restore  it  after  fatigue,  or  to  endow  it  with 
powers  of  extraordinary  endurance  in  lieu  of  rest  or  focxl,  opium  ia  used, 
rightly  or  wrongly,  in  many  Oriental  countries  not  as  an  idle  or  vicious 
tmttilgence,  but  lu*  a  reasonable  aid  in  the  work  of  life. 

A  piiiient  of  one  of  ue  took  a  grain  of  uj»iiini  in  a  pill  every 
morning  and  every  evening  of  the  last  fifteen  years  of  a  long,  laborious, 
and  (lisliriguished  career.  A  man  of  great  force  of  character,  concerned 
in  afTairs  of  weight  and  of  national  importance,  and  of  stainless  character, 
be  persisted  in  this  habit,  as  being  one  which  gave  him  no  conscious 
gratification  or  divei-sion,  but  which  toned  and  strengthenwl  him  for  his 
delibemtions  and  t-'iigagements.  ITc  did  not  iise  tolmcco,  and  the  opium 
seemed  to  stand  to  him  in  the  place  of  that  aid.  The  habit  had  arisen  on 
the  not  improper  advice  of  a  physician,  who  had  found  him  liai)le  to  inter- 
mittent "gouty  "  glycosuria.  The  opium  was  continued,  however,  not  on 
this  account,  but  for  its  own  sake.  This  case  is  the  only  im{>ortant  one 
in  which  we  have  hail  occasion  contirniou^ly  to  observe  a  mudemte  use  of 
the  drug  in  this  country.  In  temperate  non-malarious  climates  opium 
is  not  i-equirer!,  or  is  better  "lisphiced  by  tea  or  tobacco.  Opium  is  still 
largely  used  by  dwellci*s  on  the  levels  of  Kngland  which  &t  one  time  were 
auilarious ;  cither  because  there  is  still  in  such  districts  Bome  remnant  of 
maleficence,  or,  more  probably,  from  old  custom.  It  may,  however,  be 
taken  as  a  safe  rule,  in  our  own  country  at  any  rate,  that  the  familiar 
Ose  of  opium  in  any  foim  is  to  play  with  lire,  and  probably  to  catch  fire. 
Of  the  moderate  use  of  opium  in  other  countries  no  final  ojtinion  can 
now  be  given  j  iti  adults  of  good  character  the  physician  must  use  his 
own  discretion,  but  he  must  ascertain  that  the  habitual  daily  allowance  is 
not  an  increasing  one.  Any  temptation  to  such  an  increaso — say  beyond 
two  grains  a  day — should  determine  the  habit  at  once.  One  who  has 
^ven  himself  up  to  the  use  of  opium  may  not  uncommonly  consume  as 
Qfiucb  as  half  a  pint  of  laudanum  in  twenty-four  hours ;  and  it  is  asserted 
that  an  Oriental  may  consume  "several  grammes"  of  opium  in  a  day. 
Among  Mohammedans  opium  is  strangely  supposed  tc»  have  aphrotUsiac 
rirtues ;  they  also  use  it  as  a  surrogate  for  the  forbidden  alcohol,  and, 
fvith  more  excuse,  to  help  them  over  those  terribly  protracted  fasts  of 
which  we  in  the  West  have  no  exi)erience. 

An  importjirit  ijuestion  which  lias  lately  received  considerable  aiten- 
liori  is  that  of  tolerance.  Two  views  of  this  |)hcnomenon  have  been  held: 
■be  one,  that  it  depends  on  the  gnulual  habituation  of  the  tissues  to 
(norphine ;  the  other,  that  this  substance  undergoes  some  change  in  the 
tHidy ;  aitd  as  one  of  its  products  of  oxidation,  oxydimorphine,  possesses 
tcarcely  any  action  it  was  natural  to  suppose  that  the  production  of  this 
mbstance  in  the  body  would  explain  the  condition.  At  best  this  is 
i  tturmitie,  and  proof  is  wautiug.     Morphine,  unlike  moet  alkaloids,  is 


o\crcto<l  into  the  Hlinitjntai-y  canal,  and  much  of  it  can  be  recoTorwl  tm 
tlie   fwces.      Kaust  has  shewn   that  after  the  hypodermic  injectuti  U 
mculeratc  <Io3es  into  dogs  66  per  cent  cjui  be  extracted  from  the  fiKtt 
IJy  giiidually  iriurejisiny  the  dose  this  umount  diminishes,  nnlil  ftftn  * 
time    no    morphine    is    excret<;d    either   in    thf  fit'ces  or   urinf 
over,  after  the   dwith  of  the  animal   none  can   be  exlricteil   if'-. 
of  the  organs.     Yet  in  the«e  aniniaU  the  ordinary  symplomn  of  m 
were  produced  by  enlarging  the  dose.     Faust,  in  our  opinion,  legif 
conchidoa  that  habituation  to  morphine  is  duo  to  incrcaacd  cnpiici; 
ti^aues  to  destroy  it.     Ho  employed  sodiimi  oxaUie,  a  ditig  >-. 
exoretetl  in  the  urine,  a?  a  control  experiment,  and  found   that  n ' 
\  dose  was  increase^l  the  drug  w.w  excreted   by  the  kidneys  in  li-      i 
relative  amount.     This  tolerance  to  morphine  is  not  due  to  an  aatii  xn 
liiu*  no  specific  substance  of  this  natitro  can  be  obtaine<l :  it  wejtu  ruber 
to  depeml  on  the  oxidising  powei-  of  protophisn*.     Since  bio-chenu»trr 
has  shown   us  how  large  a   number  of   the   specific  chemical  ruL-titMa 
physiologically  occurring  in  the  body  are  brought  a1>out  by  \- 
may  presume  that  the  oxidation  of  morphine  is  effected  in  lii 

Opivmsmokintj,  whether  in   Kuropo  or  elsewhere  in  the  wutlu 
condemnation  not  because  of  the  direct  mischief  of  it,  which  may  • 
not  be  great,   but  of   the  degrading  circumstances  of   jLs   purraii ;  m 
Fiastern  towns  it  is  the  resource  of  the  scum  of  the  earth,  ami  is  v«xaitiid 
with  every  kiml  of  alH>mination.     Ajwrt  from  its  brutish  !!um>umliti^ 
the  smoking,  subtle  and  seductive  as  these  fumes  may  seem  to  be,  caiiaK 
in    itself   be   so  mischievous  a   practice  as  opium-eating   or    morpliiiK 
iiijectioi).     Throughout  this  article,  for  brevity's  sake,  we  have  aaounoi 
that   the  efl'ects  of  opiiuu  and  of  morphine  uiv  virtmdly  the  «»^'"~  »• 
ordinarily  they  are  ;  but  the  practice  of  opium-smoking  scctns  to  i 
some    important   difiei-ences.       Morphine,   if   volatilised    at  all,   i^  .i!:. 
dissipated  in  very  small  quantity,  and  of  the  sublimate  k  great  part  ma»i 
ho  coUecteii  about  the  pipe.     None  of  the  bitter  tAAte  of  the  ulk&loid  lo 
|>erceived  in  the  mouth  of  the  smoker.     The  Ujtal  amount  uf  m'lrphiTL" 
ill  one  charge  is  calculated  to  l^e  no  more  than  three  millijL^ranmi* - 
even  if  twenty  pipes  are  smoked  in  a  day,  which  is  a  lilicral  nil 
we  have  only  a  jKissible  totiti  of  six  centigrammes  (alnjut  one  ^- 
morphiii   burned   in   a  day;    the   chief   part  of  this  is    Literath    >.' 
and   not  sublimated   at  all,  and  of  the  rest  more  or  less  ii^  do|>'"';i  J 
aliout   the   pipe.      A  motlern    la<ly   morphinist   would    put   thr  remtiaoi 
»n<Ier    her    skin    six    times    a    day,    and    call    u|)on    us    to    nflniirr   S^r 
moderation.       Again,    the   nmoker    does    not    priii:e    tbtwe    ijnal 
opium  which  contain  the  hirger  proportions  of  morphine,  but  {itc-in-  -i.- 
Indian  and  Chinese  drugs  (principadly  that  of  Patna),  which  contain  onlv 
;j  to  7   per  cent  of  morphine.     Nevertheless  the  oviU  of  npium-saiokini 
are  too  patent  to  be  reasoned  away  ;  and  argiuuerus  for  iifl   iimoccow 
are   sufficiently  confuted  by   tlie  existence  and   results  of    thn   pr»^ieft 
There   is,   no   doubt,  some   maleficent  quality  in   opium-smoke  wfaidi 
enslaves  the  smoker. 


Opium -smokiiif;  ohtained  ft  certain  voguo  in  the  United  Stales,  luitil 
ii  WAS  ousted  by  the  syringe  ;  on  the  olhvT  ham  I.  ctiriously  enougli, 
/arge  (|imntitieft  of  inoi-phine  are  sent  to  China  itself  as  a  "cure"  for 
opium-!tmoking.  The  luorjihint'  is  made  up  in  powden*,  each  of  ivhich 
contains  about  n  third  of  a  ^'niiu  in  some  rice-powder :  the  powders  are 
tJikcn  at  lengthening  inceivals  until  the  habit  is  broken. 

The  opium -snioker  is  not  ntrely  a  man  of  active  habits  ]  and  in 
moderation,  like  other  xues  of  such  drugs,  the  pi-actioe  may  enable  the 
tiaer  to  do  a  great  deal  of  work  on  little  foo*!.  Indeed  the  testimony  of 
many  travellei'S  seems  to  assure  ua  of  this.  In  such  pei*sons  it  may  do  no 
more  harm  than  the  inhaling  of  cigarettes.  The  first  effect  of  the  drug 
on  the  Chinese  smokers  is  to  render  them  more  loquacious  and  animated, 
and  to  give  them  an  elated  sense  of  superiority,  eirecis  to  l>e  aliri- 
bute<l  to  depression  of  the  higher  or  controlling  centres  in  the  brain, 
1ira<lually  conversation  drops,  the  devotee  becomes  dr-owsy  an<l  parses- 
into  a  deep  sleep,  from  which  he  awakes  in  from  one  to  four  hours.  Just 
as  alcohol  brings  out  the  character  of  a  man,  so  it  is  with  the  opium- 
smoker  ;  his  l>ehaviour  in  the  first  stage  is  determined  by  liis  cliaracter 
ami  habitiuil  mode  of  thought.  Thus  the  opium-pipe  renders  the  Malay 
outrageous  and  t|Uarre!some. 

In  depr-aved  ^x^sons  and  imbeciles,  ^^•ho  will  abandon  themselves  to 
anythijig,  it  gradually  pro<luces  the  opium  cachexia — '*  the  emaciation, 
lejuleii  pallor,  languor,  and  utter  neglect  of  person  arid  duties  of  life/'  in 
which  the  influence  of  morjihinc  seems  to  manifest  itself.  In  com[>otition 
ith  the  smoking-shops,  them  arc  now  shojts  where  injections  arc  to  l>c 
had  at  so  much  the  syringeful. 

Morphinn  injfrtiiin  is  by  far  thu  most  important  agent  in  the  story  of 
the  consumption  of  this  drug.  The  opium-eater  was  a  portent,  almost  a 
bogio  ;  the  morphinist,  with  her  syringe  ami  case  of  tablets,  is  a  familiar 
<ilijeet  in  our  conaulting-r(>oms,  if  not  in  any  nearer  relation.  This 
terrible  vice — a  vice  scarcely  less  than  thitt  of  alcoholic  drunkenness — 
is  perhaps  somewhat  on  the  <leclinc  ;  partly  because  those  who  would 
<lraw  to  it  are  letter  aware  of  its  evils,  partly  because  medical  men  arc 
better  aware  of  the  danger  of  putting  the  means  of  indulgence  within 
the  reach  of  a  i>atient.  On  the  first  dttcovery  of  the  method  the  effects 
of  small  injected  iloses  were  s»»eri  to  bt-  so  beneficial,  so  promj^t  in  ri'lief, 
6CI  free  from  the  digestive  derangements  of  opium  in  its  other  forms,  that 
physicians  little  knowing  what  they  were  alxiut,  took  readily  to  the 
syringe  in  whatsoever  sort  of  pitient.,  and  actually,  indeed,  handed  over 
the  use  of  the  instrument  to  nurses,  oven  to  the  patients  themselves : 
many  iwrsons  were  thus  led  by  tnisted  advisers  into  temptation  who 
would  otherwise  have  been  clear  of  it. 

Nowadays  whoso  l>etakes  himself  to  the  morphine  syringe  does  so  of 
his  own  naughtiness:  yet  that  there  is  a  gooil  deal  of  such  naughtiness 
in  this  world  may  be  inferre<l,  not  only  from  personal  experience,  a 
fallacious  guide,  but  from  the  huge  consumption  of  the  drug.  For 
instance,  during  the  twenty-five  years  beginning  in   1S54  and  ending  in 


18S0,  tho  quantity  of  opium  imported  into  the  ITnited  States  inowBi 

frutu  72,000  il>.  to  372.000  11>. ;  ihu  iioptilation  during  that  timcwk 
.'18  can  bo  gatbereil  frinn  ordinary  sources,  no  more  t.han  doablfl  >tw^ 
Now,  in  its  medicinal  uses  tho  consumption  would  not  shew  a  rer 
relative   increase;   how  then  arc  we   tn  account   for   so   vjisl   n  n-    : 
incnjaae?     The  c^ucslion  is  a  hard  one  toannwer.     There  must  surr-l;.   • 
considerable  increase  in  ii5  use  outside  the  sphere  of  legitimjiie  tij-'.n  : 
and    WQ   may   mippo^e    that   tho    use   of  morphine   a»   a   settiiiii!i''.i 
a^'countid  for  a  g*>o<l  deal.     The  jtroper   meditinal   uses  do,  xi<> 
increase  with  tho  greater  demtind  for  skilled  medical  assistAmc  j:..-- 
comes  with  greater  wealth ;    yet   the    increa^   seems    morr   than  anj 
legitimate   denmnd   can   explain.     That   the  drag  is  useti   largelr  ai  a 
means  of  4eIf*indulgonce  cannot  be  doubted  by  any  medical  inui  d 
experience. 

Now,   who  are  tho   ^xirsons  who   thus   indulge   themaetvec  I     Tbv 
prompt  answer  will  be — the  neurotics.     Who,  then,  are  the  nturotital 
We  are  all  saiil  to  lie  neuroticri  nowadays.     Qnicknofu  and  ^ensihilitr  ^'"'- 
perc^iption,  and  alert  muscular  reaction  arc  not  morbid  chiirarh 
qualities  of  high  bree<iing  ;  these  qualities,  however.  ^ 
they  are  developed  in  relative  excess  in  the  lower         _  _ 

that  is,  the  higher  qualities  remaining  at  their  formrr   mean  the 
trolling  centres  can  no  longer  hold  the  lower  centres  properly  ui  iK 
Now,  that  which   in   higher  centres  we  call  control,  and   in  tbo 
inhibition,  consists  in  tho  rovei-sc  of  this — in  tho  cultivation  of  tht?  hij 
planes  of  thought  and  sensibility,  whereby  the  activity  of  the  lower  t> 
so  much  dinxinished  as  transfornie^l     I'lifortunat^'ly, dis*5Ji«*»  mayredDrt*' 
man   to  the  level  of  lhi>se  who  had  never  kno^m  u  Idgher  state,  mul » 
man  of  mobile  and  sensitive  fibre  may  thus  for  a  ph.xse  become  a  neuronr 
such  a  one  may  also  Itecome  a  morfthinist  nmler  the  prcsiuro  of  y^'f^ 
other  distress,  but  he  is  not  to  he  s[x>ken  of  as  constitutiotmlly  a  n< 
Again,  not  a  few  elderly  person.s  have  been  under  our  care  for  ^  i;*:»- 
post-herpetic  and    other   neuralgi-'i.'',  and    the   like,   for  whom  morj^hiic 
injections  had  been  used  ;  from  such  sufferers,  however,  this  mt 
be  firmly  withheld,  for  it  bring?*  them  into  this  dilemma,  that 
lireak   the  habit  is  in  lat^'r  life  iv,  harder  task,  its  oontiniMnco,  by  lli 
cachexia  it  produces,  is  in  them  more  quickly  injurious  to  hcaltli  tl 
younger  persons.    The  establi-^hment  of  a  mor|>hiiH»  habit  in  old 
too  often  means  an  inevitable  V>ond;igo,  and  shon«neil  and  frrlfid  dai 

Another  cbiss  of  patients — not  neurotic — pre9«nt«  it«eU  u*  o«r 
sideration,  namely,  of  those,  yonng  or  old,  who,  smitten  by  inctmUv 
painful  disease,  expect  no  long  ^mn  of  liff.     Do  we  rightly  cnconra-re' 
these  the  use  of  the  morphine  syringe?     That  in  some  such  ca" 
aneurysm,  for  example,  the  practice  ma\'  bo  the  lesser  of  two  otiI 
may  well  be  ;  but  the  solace  is  purcbadcd  at  a  heavy  price.      \'- 
pain  soothed  by  less  treacherous  means  Iw*  better,  not  only  for  ■ " 
friends  but  also  for  himself,  than  tearfuInesA,  [>etulnnco,  c;** 
deterioration  of  character,  which  make  the  death-lH*d  a  scene  of  pettinew 
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nd  exftctioD,  rather  than  an  example  of  fortitude  and  serenity,  inuBt  be 
jiecidetl  in  tho  individual  case.  However,  in  some  Biich  instances  the  nse 
^U>rphine  miiy  )>c  the  only  alteiTiAtivo  to  pain,  8|>a8m,  or  agony,  other- 
H  not  to  be  borne. 

Not  a  few  |>erflon9  are  led  into  morphinism  by  pain  which  ia  wearisome 
Utier  than  acute.  A  reninrkahle  inttUnce  of  this  kind  of  temptation 
ras  long  under  our  observation.  A  business  man  of  middle  life,  refined 
nd  inlolU'ctual  but  not  to  be  called  neurotic,  who  need  Ids  morphine 
jrringe  with  unusual  self-restraint,  never  jwrhaps  b«yond  the  measure  of 
lUf  a  gmin  thrice  daily,  told  his  medical  advisers  that  a  wearing  pain  in 
he  epij;astritim  deprived  him  of  all  pleasure,  or  ovon  of  cajwicity  for  life 
11  basine&s  or  society.  In  order  to  discuss  an  important  matter  with  n 
iistomer  he  must  inject  morphine,  or  l>e  unnblo  to  give  his  attention  to 
be  matter  in  haml.  His  alwlomen  w;is  exanunetl  irith  ne«]rattve  resulte. 
Te  were  tempted  to  suspect  him  of  hypochondriasis ;  and,  in  spite  of  his 
conomy  in  the  pmctioe,  his  life  fell  slowly  to  a  lower  plane.  He  got 
fcllowcr,  thinner,  rather  fretful,  and  at  last,  as  is  often  the  ease  in 
lorphinists,  he  was  suddenly  overborne  by  an  attack  of  acute  disease  of 
o  great  severity.  A  necropsy  showed  a  band  of  about  an  inch  in  length 
ttached  by  one  end  to  the  walU  of  the  abtiomen,  and  by  the  other  to 
be  anterior  wall  of  the  stomach.  This  being  in  the  very  spot  to  which 
e  ha*!  always  referretl  the  piiin,  there  was  little  dotd»t  that  its  cause 
ras  thus  discovered.  The  band  had  ]>r4)hably  luisen  as  a  consequence  of 
u  lUrer  of  ancient  date  ;  but  such  dntggings,  whether  due  to  slips,  scars, 
r  bunds,  may  bo  the  cause  of  morphinism  in  pei'sons  not  more  neurotic 
ban  the  rest  of  us.  A  dragging  of  this  kind  may  he  at  least  as  hnnl 
[>  bear  as  acute  pain,  which  usiuilly  presents  long  ijorio<ls  of  remission. 

Ag-aiit.  rt  drag  on  the  mind  may  act  like  a  diug  on  the  btxly.  Sheer 
nnui,  a  luxurious  life  with  nothing  to  feed  the  mind  or  fortify  the 
emper,  may  lead  to  the  vice.  Want  of  exercise,  overeating,  incessant 
nd  trivial  social  claim.^  and  enndations,  with  the  disappointments,  fatigue, 
r  dyspei>eirt  they  jjnxliu'u,  may  be  eiJicient  causes  of  morphinism.  Let 
passing  pain  atCAck  such  a  person,  and  therewith  perhaps  an  unusual 
all  on  the  energies,  and  tu  one  thus  driven  and  embarrassed  an  immediate 
elief  suggests  it.-?clf. — ju«t  this  once,  this  one  draught  of  brandy  or  ether, 
his  one  syritigeful  of  morphine  ;  there  will  he  little  interest  to  pay  on 
D  ffmuU  an  advance.      These  victims  must  be  miiny. 

Then  comes  tho  troop  of  those  **  neurotics  " — persona  subject,  perhaps, 
y  nature  to  larger  oscillations  of  nervous  balance  than  the  normal  man 
—who  scent  intoxicants  from  afar  with  a  retriever-like  instinct,  and, 
urious  in  their  sonsjitinns,  play  in  and  out  with  all  kiuils  of  them  ; 
arcotics  possess  such  folk  almost  hy  wnticipation,  and  they  ofti*n  find 
sss  difficulty  iti  the  first  tolerance  than  other  {>eopla  With  conscience 
luiitcd,  and  the  bit  out  of  the  mouth  so  that  encrgv  is  set  loose  as  it 
,ever  wm  before,  energy  expanding  under  no  self-cnticism,  energy 
Dyfully  soaring  into  extravagance  with  that,  liemused  sense  of  brilliant 
ecendcncy  which  animates  the  "  general  paralytic  "  in  his  earlier  phases 


— be  it  morphine,  alcohol,  chloral,  cocaine,  all  or  any  an*  irelcuo* . 
intoxication  with  its  lioui-s  of  cxcilftnient  and  roposo  must  l>o  bul  al 
\nicc,  and  every  reform  is  followed  by  a  relapse  into  the  use  of  the 
tliu^  or  of  imother.  It  is  in  these  person*  that  a  hereditary  crannjt 
intoxicants  is  found  ;  and  with  this  ttuidenoy  we  may  fiml  in  the 
tree  nervous  disease  or  insjtnity  ;  yet  by  no  means  always  «t.  Indivithdl' 
of  such  families,  indeed,  luuv  natntuHy  possess  great  intt'UwHiiU  |»)»f^ 
and  may  croiite  splendid  waking  drejima  out  of  drugs  and  wiri«  whirb 
fuddle  the  rest  of  ns — though  it  must  bo  admitted  iluit  the  reo>Ttl»'t 
Lhcae  fantiisics  rarely  bear  out  their  report  It  is  cunoufl  lo  wr  b"« 
soon  these  ])ei-sons  become  nwjire  of  their  capacities,  and  even  in  t^frr 
adolesoenoe  find  their  wiiy  to  sueh  potions  ua  little  ducks  u^  the  w»trr, 
nudor  however  dry  a  hen  thoy  may  have  been  iranni.  tlaxubliii^ 
to  break  out  in  some  persons  in  the  flamo  irrelevant  way. 

There  is  still  one  more  group  of  morphinist*,  thow  who 
morphine  on  small  excuse  bemuse  it  lies  to  their  hand.  Of  thi 
persons  doctors  and  druggists  form  the  majority  ;  the  re#t  ax*- 
and  other  men  of  science  familiar  with  such  means,  who  think  in  ihar 
fully  that  their  cechnical  knowledge  will  give  ilium  the  iise  uilboattiM 
abuse  of  them.  Unfortunately  these  very  persons  in  their  conceit  h»ooa« 
the  most  altandoned  aud,  their  opportunities  being  vonlintiat,  air  tlv 
least  reclaimable. 

In  respect  of  sex  there  does  not  scorn  to  be  much  difference .  (bt 
anliri[)alion  that  the  practice  would  l)e  found  more  prevalent  in  irimu 
ia  not  sujjjtorted  by  facts. 

The  habit  may  be  actjuiretl  at  any  age  after  the  escjijie  from  Ulleligt 
into  the  temptations  and  care«  of  the  world.      \>'hon  the  practice  i« 
in  advanced  lite,  j^in  and  medical  or  quasi-modical  ad\nc«  may  give  I 
cause  and  the  opportunity.     The  morphine  habit  is  rarely  <*r  never! 
to  be  established  under  the  weight  of  liereavement  or  other  Mich 
tiial ;  alcohol  or  chloral  seem  to  be  prefen-ed  by  those  who  auintA 
for  the  healing  hand  of  time. 

(hi  the  other  hand,  morphinism  often  ari«<«  from  some  fliseomfi 
disorder  following  partun'tion.     The  syringe  should  never  I*  usrti 
even  in  the  hands  of  the  iihysician  himself,  in  cases  of  uk*nne  di 
filower  but  wifer  mejiiit<  of  cure  ar-e  to  be  found. 

The    totAl    daily    quantities   of   mor|ihihc   which    mny    be   naed 
moiphiiii^ts  vary  largely.     In  our  exi»enonce  about  fift«**n  graioft 
often   to  have    been    the  ordinary  daily  qtwntity,  to  be  mn    wp, 
servant  give  notice,  or  other  real  or  imnginnry  worry  occur,  to  tl 
or  jierhaps  even  to  forty  grains  in  the  twenty-four  hours.     Other 
s^ftijik  uf  qimiitities  so  large  as  sixty  or  6cventy-fi^e  grains  iu  tw<! 
four  hours ;  on  the  other  hand,  some  persons,  none  the  Ichs  • 
with  more  self-control,  keep  the  daily  allowance  «lown  to  i  -  k 

grains:  morphinist-s  who  have  rolapsetl  after  cure  fre<|tirntly  niAo 
restrain  themselves  to  smaller  quantities,  but  too  often  by  bringing 
su]jplenicntar)'   aid    of  alcohol.      Old    pcT&onfi,    who  in  relief   uf 
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luiihuly  DAve  fAllen  into  the  habii,  fteldom  receive  more  thnn  one  or  two 
gmins  a  day,  in  repeated  doses  of  a  thii-d  to  lialf  a  grain  ;  Viut  saich 
persons  are  upually  under  some  oversight  and  control.  In  making  these 
estimai-es,  however,  we  must  not  forget  that  ihe  morphinist  is  so  rejidy  a 
liar  that  his  assertiuns  cannot  he  accepted  without  corroboration. 

The  symptoms  of  morphinism  in  the  earlier  stegen  of  the  habit 
arc  rather  moral  tlian  physical.  The  stigmas  of  a  morphinist  are 
plnusihility  and  disorderliness  ;  and  by  these  he  may  be  known.  Like 
certain  nlher  ainners  who  Rhall  be  namelewi,  the  ninq>hini.st  i.s  nblai^e 
with  schemes  for  the  Vwnefit  of  his  hoiiBchold,  his  pirish,  liis  country,  and 
the  world.  He  is  usually  a  clever,  and  often  an  interesting  person. 
sometimes  even  endowed  with  a  mther  "damaged"  kind  of  genius; 
but  owing  to  the  perverscness  of  circumstances,  nothing  ever  comes  off. 
So  perverse  are  things,  that  if  one  did  ever  indulge  a  tJiste  for  drugs,  the 
occasional  aid — just  for  a  week  or  two  till  things  are  straight — should  be 
rejnirdcd  as  a  venial  matter,  if  not  justifiable.  If  the  juitieiil  come  to 
the  i>hysician,  he  will  have  had  a  (K)se  within  an  hour;  his  ])upils  are 
contracted,  he  is  voluble,  ingenious  in  promises  and  excuses,  and  very 
liresome.  He  is  an  hour  Iat«  for  his  appointment,  owing  to  the  faults  of 
others  ;  if  you  «dl  on  him,  you  are  kept  waiting  for  as  long  a  time  aa 
yoii  choose  to  be  detained.  If  he  can  avoid  it,  yon  do  not  see  him  in  his 
ill-humours — <]uendous,  exacting,  slanderous,  false,  as  he  is  in  his  domestic 
citTle:  yet  the  morphinist  is  never  so  lost  as  the  alcoholist;  his  brain  is 
not  fuliginous  j  on  the  contraiy,  for  some  little  time,  the  lengtli  of  which 
depends  on  the  economy  of  the  dnig,  it  is  bi-isk  enough.  "While  the  stage 
of  elevation  continues  he  is  cii(Kd))e  of  doing  a  gowl  sjiell  of  work  in  a 
spaamoilic  and  irrelevant  way  ;  tlierefDre,  although  sloveidy,  he  is  not 
chronically  dirty,  like  a  dnuikard,  but  is  capable  once  or  twice  a  week 
of  a  gooil  hashing;  and  owing,  perhaps,  to  an  insensibility  of  the 
fikin,  his  desire  for  "fresh  air"  is  inoitJinate.  A  lady  of  this  kind  may 
come  to  a  ball  very  smart  indee<l,  though  she  >nll  arrive  when  the  rest 
of  the  world  is  departing.  Her  carriage  was  probably  ordered  for  a 
drive  at  four  o'clock,  and  slie  started  Jit  seven,  astonishing  some  new 
friend  by  calling  at  an  inconveniently  late  hour ;  she  dined  at  9.30,  and 
arrive*!  at  tbe  ball  after  midnight.  In  the  morning  to  di-CJis  is  impossible 
until  the  syringe  lias  Iwa'n  nseil,  and  she  is  finally  got  to  breakfast  when 
the  TOflt  of  the  world  is  at  luncheon.  In  the  midst  of  all  this  ruin  of 
time  she  stands  complacent  as  the  one  faithful  in  a  froward  world. 
Meanwhile,  no  one  can  conceive  how  inconsiderately  every  one  has  acted 
to  her,  or  wonder  that  occasionally,  when  thoroughly  exhausted  by  ber 
sufferings  which  arc  indescribable  and  her  labours  which  are  prodigious, 
she  should  use  a  very  smull  and  occasional  dose  of  moi-phine.  The  only 
truth  she  tells  is  that  at  odd  moments  she  makes  great  efforts,  efforts  too 
often,  though  by  no  mcjins  always,  ill -directed  or  fntilo.  This  utter 
disregarrl  of  time  is  a  miu-ked  feature  of  all  users  of  narcotics,  and  of 
mori>hinists  especially  ;  so  consistent  are  their  inconsistencies  of  time  antl 
phico,  they  almost  suceeeil  in  throwing  disoitler  upon  the  revalutioiia  of 


the  snn.     Dilatory  they  are,  even  inoro  arc  thoy  diligent  in  coatnno— 
ifuiXiZf  dvf'iftaXoi — tiiniiiig  night  into  day  with  a  top6y-turrui«ii 
of  Lewis  Carroll. 

The  falseness  of  a  morphinist  cannot  be  glossed  over  lu  ohlivian) 
though  in  part  it  may  ha  th.it  "  Bemit^etl  in  nrine  the  birti  h'u  <hii 
forgets.  And  drinks  scrono  ohiivion  to  his  debts."  'Vh&  finer  linM  or,  i« 
that  matter,  the  graver  lines  of  ethici\l  conduct  become  go  bluiTod 
the  victims  cease  to  re^rd  them  ;  lliiis  (heir  mnnths  arc  filled  vith  fnl 
boods  ;  and  if  confronted  with  proofs  of  falseness  the  moqthiiiist  Hi]>p>iii*4 
ignores  them,  or  says  he  is  dnven  to  prevarication  by  thi?  wi^n 
bull}nug  of  his  friends.  It  is  idle,  of  course,  to  argue  with  a  \i 
with  whom  we  have  no  common  standard  of  veracity  ;  and  to  ocooonutf 
his  sins  it  is  l>etter  in  all  such  c-ases  never  Uy  ask  a  question  of  i 
morphinist  which  requires  a  serious  answer  ;  or  at  any  rate  nevrr  u> 
any  weight  to  the  answer. 

Thus  far,  then,  the  symptoms  oF  motithinism  are  concemc*!  rather  wit 
morals  and  conduct  than  ^vith  bodily  disease.  But  if  the  hahil  bo 
tinned  and  the  doses  increased,  ns  M'ill  be  assuredly  the  case  and 
i|uickly,  symptoms  of  btxb'ly  diseiise  wilt  appear :  say  in  six  or  ni 
months  at  farthest.  The  fle^li  Viegins  to  fall :  the  face  loses  onloiir 
takes  on  a  sallow,  lustreless  hue  and  an  aqed  expression  ;  the  t4.'«'th  al 
loosened,  and  gradually  even  a  young  j^erson  Viecomes  wJKenwl,  tMnsriaK 
and  haggard.  To  this  rule  there  are  some  exceptioiis  ;  a  few  patit 
keep  their  flesh,  or  even  grow  fat  and  pufly :  such  persons  aro 
fewlei*s,  take  wine  freely,  and  ]M-obably  escape  the  cjitJirrb  of  the  %toi 
which  attJicks  the  greater  number  of  their  fellows.  r<>n«tip 
always  present,  often  in  most  obstinate  degrees ;  the  mouth  is 
and  other  secretions  as  a  rnic  are  .Lrrestod  ;  though  some  mur 
sweat  profusely.  Still,  for  many  yeai-s  life  goes  on.  and  the  conai 
tloes  not  break  up :  morphinist*  do  not,  however,  live  to  full  age ; 
if  the  habit  \)g  contnu^ted  in  old  age,  the  patient  fades  away  in  no 
time.  In  younger  subjects  the  social  atteclious  grow  cold  ;  wa^-wanl 
and  caprice  deepen  inlu  selfishness  and  physical  and  moral  dcgrnclatioii ; 
the  fitful  charms  of  character  or  the  powers  of  miml,  if  any  such 
there  were,  are  blotted  and  spent ;  memory  especially  fails  ;  amenorrtujn 
und  sterility  ovtTlake  the  woman,  and  impotence  the  man  ;  irregi 
febrile  atUicks  api)e;ir :  albumin  may  be  found  in  the  urine  ;  even  sli 
is  hciivy,  or  is  cvhaiistiiig  and  disturbed  by  hidlucinatitms  ;  al 
arise  at  tlie  pnnctnres  of  tin;  unclean  needle,  and  heal  Wily  ;  the 
is  dry;  the  teeth  decny ;  gastric  c^itarrh  increases^  with  sympt'^m^  nf 
nausea,  i-ctching  and  HatiUence,  and  of  an  epigastric  or  sul>stenial  p 
which  is  ratiier  too  characteristic  of  moiphinism  to  Ik;  put  down  tnt 
to  the  catairh  ;*  the  thread  of  life  grows  frailer;  all  capacity  even 
fitful  work  fiisappears ;  the  intercurrent  mi»eries  of  tbo  habit 
intensified,  the  moments  of  excitement  briefer  and  lees  effectual,  ui 

'  Ilitzii;  Niiyit  Uiiit  in  inurpbitiiMu  hyilrotlitorio  wAA  fntlK  In  the  g»*trtr  jul(«.  adiI 
the  urnvingn  ore  iliie  tn  nitiirniiig  Rcdlity. 


tlie  pAiierit  curses  the  day  he  waa  born :  in  later  middle  life  at  fariheat 
he  dies,  usimlly  cut  off  quickly  by  some  chance  mabdy. 

Patholofirlcal  Anatomy, — Autopsy  is  mre  in  cnses  of  uncomplicated 
morjihiTiit^ni.  The  only  important  i>oint  herein  is  tlie  8t*te  of  the  heart. 
Schweninger  and  others  allege  that  fatty  degeneration  of  the  heart  ia  to 
l»e  found  in  these  cases  after  <loiith.  On  clinical  grounds  we  have  seen 
no  reason  to  suapect  its  presence,  either  in  the  course  of  the  malady  oi 
in  a  prevalent  mode  of  death.  And  the  testimony  of  the  best  authon^ 
seems  op[>o9od  to  the  belief  that  fatty  heart  is  a  direct  consequence  of 
morphinifim.  Wittkowsky  s  jwipcrs  are  helpful  in  this  aspect  of  the 
matt<'r.  It  has  never  yet  been  shewn  experiment;illy  that  inoqjhine  has 
any  direct  action  on  the  hejirt  The  observations  of  Uiriz  un  the  fall  of 
blw»d- pressure  in  acute  poisoning  of  animals  by  morjihine  have  little 
l>caring  on  clironic  poisoning. 

Diagnosis.  (!hionic  poisoning  by  chloral  or  the  bromides  may  be 
difficult  to  distinguish  from  mor|>hiuiBm ;  but  the  diagnosis  would  rarely 
be  of  urgent  importance.  In  poisoning  by  bromides  these  Ixxlics  may 
be  found  in  the  mine  and  often  in  th«  wdiva ;  in  chloral  narcosis  the 
chloral  may  be  detected  in  the  urine  either  alone  or  in  combination  with 
glycim^nic  acid  as  urochlomlic  ncid.  A  difficulty  may  arise  in  a  case  of 
delirium  in  a  patient  previously  unknown  to  the  phy.sician.  Morphine 
delirium  may  resemble  delirium  tremens  or  mania.  Scars  on  the  skin 
should  be  looked  for.  The  tremors  in  morphine  delinum  increase  with 
the  delirium,  in  alcoholic  delirium  they  decrease.  Moi-phine  delirium 
may  occur  as  well  in  women  as  in  men ;  anJ  women  may  present 
hysterical  features,  such  lus  contractures,  screams,  or  catale(>sy.  Albumin 
may  bo  found  in  tho  urine  in  either  dulirium,  but  more  frequently  in 
the  alcoholic  form.  Tho  hallucinations  in  morphine  delirium  are  less 
revolting,  and  its  duration  is  rarely  more  than  thirty -six  hours.  Finally, 
in  this  nuLlady  a  mor[}hino  injection  will  prolmbly  give  prompt  relief. 
Tho  history  and  character  of  tho  attack  generally  suffice  to  distinguish  it 
from  mania. 

Tho  diagnosis  of  a  secret  morphine  habit  is  very  diflicult.  Foriofls 
of  excitement  associated  with  contracted  pupils  will  usually  lead  to  a 
correct  conclusion  ;  and  the  patient  is  pretty  sure  not  to  face  the  doctor 
without  a  (lose.  An  excuse  may  bu  made  to  examine  the  arms,  when 
Bcjirs  may  be  found.  Still  this  opportunity  may  Tail  and  diagnosis  be 
im[>ossibU  without  seclusion.  Seclusion  for  twenty- four  or  thirty-six 
hours  will  certainly  betray  the  craving. 

I>r.  Mattison  has  reported  more  than  one  case  in  which  this  habit 
was  practised  by  a  wife  for  years  without  the  knowledge  of  the.  hiuband. 
That  such  instances  can  bo  cited  is  of  medico-legal  importance. 

Prognosis.^ — If  the  habit  l»e  broken  off,  the  constitution,  even  in 
severe  eas»-s.  will  ap[>ejir  li»  have  undergone  no  ^irofound  deterioration  ; 
and  the  patient  may  regain  all  or  much  of  his  former  health.  The  fore- 
cast in  extreme  cases  must  be  estimated  in  accordance  with  the  special 
characters  of  ejich.     Authentic  cases  are  on   record   of   morphinist  or 
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opium-eaturs,  abandoned   to   the  habit  for  tircntj  and   even  for  tfe 
years,  being  cured  completely  })y  these  uiethods^  both  in  mind  ami  body.l 

We  have  not  fuund  insanity  to  be  n  consequence  of  inorphiniiitn,  ai 
in  persons  in  whom  insanity  was  already  potentially  present.  In 
with  siich  a  proclivity  an  acceJis  of  intuinity  may  Iw  hastenc*)  by 
reducing  cauHc.  OecOHionalh',  limvever,  insjtniLy  follows  ihf  usr 
nn>r|ihiua  more  directly,  urul  if  so,  it  usually  ukes  the  form  of  manii 
ot  persecution  ;  the  bjickbitirig  of  friends,  which  is  a  common  AjujtU 
in  ordinary  caso.s,  becomes  more  extravagant  and  persistent.  Kuq'i 
on  withdrawal  of  the  drug  we  have  not  seen  the  excitement  or  \v 
to  which  the  niuiie  morphinomHuia  would  be  ]>ro[>erly  applied. 

In  one  or  two  cases  of  morphinism  which  have  come  undi-r  ouf 
the  patient  has  died  Bu<l<lenly  and  unex{>ectedly  ;  the  j)re^uniptioa 
doubt  that  Buch  deallm  are  <lue  t^i  heart  failure.     Relapses  after 
cure  occur  in  about  70  per  cent  of  all  cases. 

Treatment— There  is  one  means  of  dealing  wHth  morphiuiani,  ai 
one  only :   namely,  eet^luKion  in  a  special  retreat,  and  submission  to 
discipline  therein  provided  for  such  case^.     Cures  have  occjulomdiy 
effeoUid  by  home  treatment;  but  the  enormous  ditficulties  of  curing  lb#' 
habit,  if  oncLi  it  have  hidd  of  its  victim,  need  no  empbaeiK.      A  wif«»  n* 
have  no  control  over  her  husband,  nor  contcinl  against  a  stronger 
cla<l  in  the  armour  of  <leceit ;  a  husband  has  not  the  fortitude  lo  tumj 
deaf  ear  to  the  terrible  cravings  and  perha|ifi  recrudescent  neumlgiu 
his  wife.     No  nurse,  no  medical  man  ctio  keep  up  authority  or  carry 
plans  in  such  cases,  without  Ireing  overborne  or  deceived.     A  pbydri 
of  mature  Jige  and  exi>erience  cannot  attend  upon  such  patient* 
intermission;  a  young  resident  physician  soon  becomes  [wwi-rless. 
wiliness  is  marvellous,  and,  under  the  most  frank  seeming,  deception 
surely  at  work  :   the  physician  may  be  certain  that  a  tractable  subject 
getting  the  drug  on  the  sly.     We  have  stated  that  after  hy{RKh 
injections  nejirly  70  |>er  cent  of  the  morphine  is  excreted  in  the  ivx 
but  this  btrge  am*iiuit  holds  good  only  for  acute  pi^isonin^^  :  in  cbrol 
poisoning  it  is  von,'  much  reduceil,  and  if  the  system  is  very  lolcrant] 
may  be  almost  absent,  the  tissui^s  appearing  to  oxidise  the  drug  in  mt 
the  Mime  way  as  they  oxidise  fat.     Very  btlle  morphine  is  at  any 
excreted  by  the  kidneys.     It  is  therefore  evident  that  we  cannot  rely 
the  detection  of  morphine  in  the  urine  to  t-cll  us  of  the  secrfl  habitaj 
our  patients. 

The  fihysician  is  doing  no  kindness  to  the  patient  or  hia  family  if 
trille  with  the  duty  of  insisting  up«>n  prompt  seclusion.  The  p-iti* 
himself  will  probably  protest  loudly  ;  he  dreads  the  horrors  of  the 
ilrawal,  especially  if  he  has  been  "cured"  before  ;  in  spite  of  hin  \yc\ 
judgment  be  clings  to  his  indulgence,  and  he  hHr1x)ur8  dreams  of  cul 
himself  on  the  coming  of  that  golden  time  when  the  triaU  of  his  w< 
shall  cease.  Moreover,  many  such  patients  honestly  think  th^. 
of  xvithdrawal  would  be  more  than  in  their  weakly  state  tl;' 
to  bear.     To  all  these  pleadings  the  judicious  physician  will  lend  nu 


b«  cannot,  nor  can  any  frietHt  compel  the  pntient  to  go  into  seclusion; 
but  there  are  many  material  arguments  which  can  lie  hnmght  to  Item- 
upon  H  vcAkened  will,  not  without  success:  moreover,  the  patit-nt  in 
neiirly  alt  nises  in  secretly  tlesirous  of  escaping  fi-oni  his  hondaye — if  it 
cuti  l>e  done  without  too  terrible  a  wrench.  If  theru  be  any  lo<vU  disease, 
such  as  uterine  disease,  renal  or  biliary  calcuhifi,  ae  a  sowce  of  (Kun,  the 
utmost  that  can  be  done  to  relieve  the  condition  must  be  done  before  the 
cure  of  the  mori>hino  habit  is  taken  in  hand  ;  or  the  cure  may  fail  under 
the  pressure  of  recuiTent  pain.  It  is  desirable  to  warn  the  friends  of  the 
sufferbr  beforehand  that  the  poriod  of  detention,  or  at  any  rate  of  removal 
from  home,  may  be  as  long  as  twelve  months  ;  but  the  time  of  probaii^tn 
can  be  better  discussed  wlien  the  means  of  cure  and  the  tendencies  to 
relapse  have  been  considered.  The  first  |>art  of  the  cure  is,  of  course, 
the  withdrawal  of  the  drug ;  and  it  is  convenient^  therefore,  now  to 
describe  the 

S'fiiijitom.s  of  If'itbdrtnoii. — In  order  to  understand  the  cravings  of 
the  morphinist  after  the  morphine  has  been  withdrawn,  it  is  necessary 
to  appreciate  the  niiinner  in  wliich  the  drug  satiates  this  appetite. 
Morphine,  as  wo  have  already  pointed  out,  has  a  specific  action 
on  sensory  t»erve-eel!s ;  the  exuberance  of  imagination,  the  wandering 
mind,  and  the  rapid  flow  of  ideas  represent  the  genenil  exhilnration  of 
intoxication  caused  not  by  direct  stimulation  of  the  brain  but  by  loss  of 
guidance  of  the  trains  of  thought  by  the  controlbng  centres.  That 
the  liigher  centres  ai-e  certainly  not  stimulated  at  any  |jerio«.l  may  Iw 
tested  by  the  |>erformanco  of  elementary  mental  uirurts  such  as  choice- 
reactions  or  adding  up  rows  of  figures,  the  time  of  which  is  ulways 
incre^ised.  Later  in  the  intoxication  the  afferent  impulses  to  the  lower 
centres  of  the  brain  in  their  turn  are  blocked  ;  the  patient  bcLontes 
sleepy  and  the  rfHexes  diKip[)ear.  When  the  action  of  the  rnoqjhine 
weanf  off  the  contniry  conditiims  ubtiun,  the  sensory  ncrve-ccHs  aftrr 
their  prulongwl  rest  arc  hypersensitive  in  much  the  same  way  as  when 
on  awakening  from  a  sound  sleep  our  eyes  art*  at  first  hypersensitive  to 
light.  Moreover,  it  can  In:  definitely  proved  in  the  lower  animals  that 
moiphine  and  its  allies  in  the  second  stage  of  their  action,  that  is,  when 
the  depression  is  beginning  to  wear  oil',  produce  an  effect  on  the  sensfiry 
nerve-cells  precisely  anaUigous  to  that  of  strychnine,  but  with  this 
difference,  that  whereas  the  action  of  strychnine  is  mainly  upon  the 
sensory  cells  of  the  cord,  that  of  morphine  is  mainly  cerebral ;  neverthe- 
less sufficiently  large  doses  of  morphine  may  give  rise  to  characteristic 
strychnine-like  convulsions  (W.  E.  P.).  We  conclude  then  that  during 
altstinence  the  .sensory  cells  of  the  morphinist  arc  hypergensitive ;  ami, 
further,  as  it  is  the  highest  or  i>5ychicJil  centres  which  aie  mainly 
affectcil  these  will  be  principally  concerned  in  exaggerated  function. 
Thus,  an  ordinary  sensatioti  when  converted  into  a  perception  is 
exaggerated  out  of  all  proportion  to  it^  importance,  and  the  patient 
for  the  time  being  is  the  victim  of  these  excessive  stimuli.  liis 
reflexes  are    therefore    exaggerated,   but    especially  are    the    higher   or 
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)sychical  reflexes  inci*easttd ;  and,  as  all  consciousnens  U  Avnkentd  bfi 
preoptions  ariMng  perii)hera1ly  mc&  sinapio  BcnsAtions,  6(i  all  crrrl 
Mivity  must  be  increased.  This  hyperexcitability  nffecU  the  mcdutti,^ 
ami  so  induces  vaso-consbriciion  ^s''ith  a  rii^e  in  Ijioudpre^urd,  ami  u 
augmentation  of  respiration.  Just  as  the  nervou6  man  has  a  high  Uood- 
prosBure  and  the  casual  or  the  happy-go-lucky  a  low  Lloud-prc&iiuiT., « 
we  find  that  during  abstinence  fiftm  morphine  the  morphinial  bu  • 
much  higher  pressure  than  when  satiated  with  the  drug. 

The  chief  and  most  grievous  symptom  is  the  dangeruua  cuUajae 
which  may  follow  withdra«-al,  and  if  the  withdrawal  b«  sudden  it 
rejich  an  alarming  and  even  a  fatal  degix^.  If  the  dr^g  be  wk 
withdrawn  at  tlie  Iwginning.  an  anxious  restloasness  with  irreeUtal 
yawnini^s  marks  the  ^ipproach  of  the  time  of  cmring;  the  jatirnt  b 
to  j>ace  the  room  in  a  state  of  tremulotis  exciteraent»  which  l»ccoroe»aa 
agony  ;  he  springs  sleepless  from  be<l.  he  is  shaken  by  rigora,  »iw« 
stands  upon  his  skin,  and  sidiva  runs  from  his  mouth.  FcveHeM  c\ 
and  creepiness,  or  shar|)  accesses  of  pyrexia  often  simulating 
snee/jng   fits,   de:itlity  fwdlor,  sinkm^,  nausea,   and   hiccup  arc  si 

followed    by  vomiting   and   diOTnioea ;    the   pupils   widen,   and  «■ 
hijigish  in  their  accommodation  ;  speech  and  even  gait  areas  if  palaicd; 
hallucinations  of  vision,  of  hearing,  and  even  of  smell,   take  |i« 
of  the  mind,  and  pass  into  a  delirium  often  so  violent  thttt  the 
attendant  will  take  care  that  nuors  and  garters   have   1»een   rvi 
and  the  windows  secured  :  it  is  at  tliis  stage  that  wllaps**  may  wt 
It  is  hanlly  neceasaiy  to  [wint  out   that  ei)llapsc  may  arise  from 
peripheral  stimulitiou  pi-oxided  it  be  sufticiently  severe.     A  small  l*orTi, 
for  example,  may  do  uo  more  than  raise  the  blood  pressure  and  stimal 
respiration  reflexly,  but  a  very  severe  burn  has  just  the  op(Misit«  cif< 
it  inhibits  cerebral  actinty  so  that  respiration  becomes  extremely 
and    the     blw^d-vesseU    dilate.       Hence    all    the    bhxid    cullects    in 
alxlomen,  and  although  the  heart  may  continue  to  btKit  well  it 
ineffectually,  for  most  of  the  blood  is  lying  in  the  enormously  diiil 
splanchnic    vessels.       ColUipse    may    tome    on    unexiwctedly    e>'»n 
diarrha'^    has   cc^isrd ;    the    patient   becomes    faint,    the    Uk^ 
and  the  voice  hollow  ;  the  limbs  mar  twitch  ;  the  ptUse  cimum 
wrist,  and   the  signs  of  consciousness  fail.     This  tltreatetiing 
may  hist  even  for  an   hour,  or  may  be  refieattMl  again  and  ajQua 
the  day.     If  the  ordinary  cordials  fail  t^  ptit  off  the  danger  the  ii^jccfios 
of   a   small    ipiantity  of    morphine    never  fails    to  do  so.     Cle&rty 
ctdUfise  is  no  mpre  consequence  of  the  vomiting  and  diarrh^ra. 

As  the  sudden  withdrawal  of  morphine  is  no  longer  .prarti««1 
eolbipsc  may   pass  out  of  obgen*Rtion.      Levinstein    in   Germany. 
IVifessor  Allhutt  in   England,  fonuerlv  advocated  sutlden  and  o 
withdrawal,  partly  l>eciuise  it  appeared  more  cruel  to  pmtnict  the 
Bs  it  is  more  cruel  to  ptdl  out  a  tooth  slowly  ;  but  chiefly  because,  in  Uif 
absence  of  homes  for  isolation,  it  was  important  to  get  ovit  the 
before  friends  or  patient  should  have  time  to  interfere  or  irpcnt. 
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the  arrest  of  the  habit  once  mnde  the  chain  for  the  irhile  is  broken,  and 
the  liunger  of  reliipeo  is  not  so  immediate  as  in  the  case  of  alcohol. 
Withdrawal  onci;  effected,  tenii>omry  recovery  at  any  mte  is  assured. 

But  if  the  patient  can  be  consigned  to  a  home  where  there  is  no 
danger  of  interference  with  the  reg^dar  progress  of  treatment,  a  more 
gradual  although  still  t^xiwditions  method  is  ])referable.  A  sudden  with- 
drawal is  not  only  more  (Inngerons  to  the  patient  than  a  method  which, 
though  rapid  enough  to  en<l  the  trial  quickly,  is  not  sudden;  but  also 
convalescence  may  be  TOa<le  more  tedious  by  the  heaWer  stress  of  the 
sudden  method  on  the  siifTerer;  and  some  symptom,  anch  {•8)>ecially  as 
diarrha'a,  may  pomist,  and  pre%ent  complete  recovery.  The  udvocatcs  of 
iho  rapid  (not  sudden)  methods  allege,  moreover,  that  collapse  never 
occurs  except  on  sudden  withdrawal.  If  this  be  so,  it  is  needless  to 
flay  that  siitlden  withdrawal,  save  in  mild  cases,  shouhl  be  abandoned. 
Assuming,  then,  that  we  are  not  obliged  to  snatch  our  victory,  and  that 
the  patient  is  secure  in  a  kindly  home,  we  should  ])t-efer  the  nuMlified  but 
ftlill  i-apid  mctho<l  as  practised  by  Dr.  Mattison  and  other  experienced 
physicians  of  these  institutions. 

If  the  iLLbitual  i|iiaiitity  be  smm^— by  whitth  we  numn  not  more  than 
three  or  four  grains  a  diiy — the  withdrawal  in  men  may  bi;  sudden,  nnd  the 
matter  thus  settled  ofF-hand.  In  women  or  shattered  men  a  little  more 
caution  ir  necessary.  Again,  if  the  ipiantities  be  more  than  five  gi'ains  a 
day,  but  the  fjatinnt  on  the  hither  side  of  cachexia  and  emttciation,  some 
briskness  of  reforming  zeal  may  be  justified,  and  the  enemy  ex]»elled  with- 
out nmch  parleying,  liut  in  the  c^we  of  those  who  havt*  abandoned  them- 
selves to  large  doses,  and  are  often  cachectic,  and  brought  low  in  nutrition 
and  strength,  the  physician,  after  learning,  so  far  as  may  be  possible,  the 
habituul  doses  iind  the  customary  hours  of  indulgence,  may  administer 
during  the  fii-st  twenty-four  hours  one-half  to  three-tiuartcrs  of  the  usual 
quantity.  Halving  tliis  ag^in  and  again,  in  five  to  ten  da}'s  the  doses 
may  reach  the  vanishing  point  Although  in  some  measure  the  usiud 
hours  of  indulgence  are  to  be  observed,  es|}eci8lly  the  last  dose  at  night, 
yet  the  number  of  injections  shoidd  he  reduced  as  well  us  the  total 
quantity  of  the  <lrug.  There  is  always  considerable  difficulty  in  with- 
drawing the  last  two  or  three  grains.  The  (mtient  who  may  have 
submitted  patiently  to  the  earlier  treatment  now  feels  his  loss  more 
acutely,  and  it  is  at  this  stage  that  relapses  are  moHt  to  be  feared.  Some 
physiciiins  prefer  to  eubstitiUe  opium  for  morphine,  and  while  so  plaaiting 
the  i>atient  reduce  the  number  of  morphine  injections,  sometimes  indeed 
replacing  these  by  injections  of  other  narcotics.  Thus,  Dr.  Burkart 
tak»*s  scleral  weeks  to  reduce  the  morphine  and  afterwards  substitutea 
opium  for  it.  Dr.  Jennings  diminishes  iht^  injections  as  far  as  |M>ssible 
without  unduly  inconveniencing  the  {uiiient  and  then,  whilst  further 
i-educing  them,  substitutes  for  them  injections  of  opium  by  the  rectum. 

It  is  nee<lless  to  say  that  almost  everything  now  dejK-nds  upon  the  tact 
and  integrity  of  the  attendants,  to  whom  enormous  bribes  may  be  offered. 
Xor  must  they  fail  in  astuteness,  for  a  morphinist  is  an  astute  (MJi-son, 
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und  oft«u  has  morphiiiistic  or  other  penerted  Allies  outside  tie  boue, 
Thu  ]tiiticnt  on  ailinissioii  nuiat  hnvu  a  iNith,  in  order  that  all  hi»  dotlet 
and  person  may  be  searched  ;  he  must  be  uken  from  the  bath  into  «  vim 
room,  in  which  ait)  none  of  his  own  effects;  slippei's,  letters^  liooks.  a»l 
the  iiku  must  hu  minutely  exaniineiJ,  or  not  admict-ed.  AlU^aUomol 
sleoplessnoss  must  Iw  accurately  tested  hy  tlie  nurse'**  reconl. 

By  this  modified  method  tho  uccidents  uf  collaisc  or  violent  diarrliMu 
are  avoidud  on  the  one  hand,  and  on  the  other  we  tlo  not  draj;  out  Ihf 
]uLtient's  suHbrings  unduly.  Dr.  Mattison  in  Brooklyn,  while  withdrawing 
_rihe  morphine  iw  ipiiekly  iis  the  indindual  state  may  justify,  givw  .1" 
rains  of  sodium  luomide  on  the  first  day  to  eai*e  off  the  suffering,  arJ, 
lidding  7i  grains  daily,  reaches  80  or  00  grains  a  day  as  the 
conies  to  an  end.  lie  then  gives  30  grains  of  tn'onjd  every  nighl 
week  ;  reduces  this  in  thr^  week  following  to  half  the  dose,  and 
case  with  a  little  chloral  hydrate  or  paraldehyde ;  and  indeed  any 
ordinary  indifferent  hypnotics  will  no  doubt  he  useful,  for  hy  doj 
tho  ceiohral  centres  which  are  in  a  state  of  hyperactivity  they  will 
the  patient's  distress.  Narootics  shoiUd,  however,  be  used  caatiut 
and  tho  haimFul  tendency  of  many  of  them  must  not  Ix.*  forgottciT 
Chloral,  for  (■xample,  is  a  poworfid  cjirdiac  dcpi-essant,  and  oulpboM^ 
when  continuously  administered  is  a  dangerous  drug  and  liable 
produce  suddenly  coma  an<l  hsemiitoporphyriniu*ia.  Codeine  and 
synthetic  morphine  compounds,  ethyl-morphine  (dionin),  henzyl  niorphil 
(peronin),  diicetyl-morpliine  (heroin),  may  l>e  substituted  for  m< 
and,  iis  they  act  on  sensory  rierve-ccUs  in  a  very  similar  mi 
morphine,  ihcy  will  remove  the  tniving  for  the  latter  drug;  but 
is  not  treiitment :  we  are  only  substituting,  so  to  speak,  one  t;pe 
morphinism  for  another. 

Many  other  drugs  are  recommendeii  by  this  physician  or  by  that,! 
surrogates  for  morphine  after  the  reduction  or  rcmos-al  of  the  «lrug- 
iis  chloralamide,  triunal,  monobromido  of  camphor,  ant  1  so  forth.  Hyc 
is  an  alkaloid  which  luts  lately  come  much  into  use;  treatment 
moi-phini>m  by  this  drug  was  ongi[iat«d  by  Lott,  and  consists  in  kt^pii 
the  patient  luider  its  inHuence  for  two  or  mure  days  durin^j  which  ti 
the  morphine  is  withdmwn.  It  need  hardly  lie  said  that  hyoscine  hasj 
specific  action  on  the  morphine  craving,  and  such  effect  as  it  has  is 
by  depression  of  the  ceriibral  hemispheres,  anil  especially  of  the  jxi\i 
area.  Like  all  other  "systeniH  of  cure"  for  raorphimsm  it  has 
partis:iii8  and  opponetUs.  Kosenlierger  reports  a  casu  of  a  patient 
took  60  grains  of  nnirphine  \^x  diem  and  was  cure*!  h>  hyohct 
Mattison  and  Crowthers  regard  the  treatment  as  Iwth  usclou 
dangerous.  Birgo  relies  primarily  upon  injections  of  mandnkgorioo 
alkaloid  having  ilu  action  sinu'lar  to  that  of  atropine)  atal  pih^cnT 
the  one  to  remove  the  craving,  the  other  to  aid  in  the  e.vcrt:ti< 
the  morphine ;  the  pjitient  is  kept  under  the  inHuence  of  tbeie  \.\ 
for  about  ''i  hours,  during  which  time  nu  morphine  i»  admin 
This  treatment  is  clearly  Ijascd  on  a  misconception  of  the  sittuition. 
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craving,  a«  already  meniioned,  in  caused  by  hyperexciUbility  of  the 
cerebrum,  and  for  this  tliere  can  be  no  spi^cific  Ireaiment  except  in  »»  far 
H&  depreaaion  of  cerebral  cell-s  may  be  regarded  a&  sueh  ;  moreover,  it  is 
ciitKciilt  U't  nfv  how  the  piloi'jiipine  can  l>e  of  valm*  by  aidtiiji  tlicvxcrciion 
of  tbo  alkaloid,  because  we  know  that  in  the  case  of  the  habitat  th<^ 
murpbine  h  not  excreted  but  is  destroyed  in  the  body.  Hoffmnun 
recommends  camphor  as  a  8f>ecific  ;  he  says  it  antagonises  morphine  by 
producing  va so-con striction  and  a  rise  of  blood- pressure  :  it  is  hanlly 
necessary  to  point  out  that  campluM'  has  no  such  action. 

\)r.  Jenniii^H  adopts  the.  slow  phm  of  tix'atment  with  the  substitution 
at  a  certain  point  of  rectal  injections  for  hypodermic.  He  uses  also 
"cardiiU*  tonics"  to  combat  depression  of  the  heart,  alkalis  for  the 
hyperacidity,  and  Tuikish  or  hot-air  Imths.  For  our  part  we  would  not 
place  undue  reliance  on  any  of  these  measures.  It  has  never  been 
ahewn  thul  morjihine  has  a  direct  action  on  the  \wM%  and  ccitainly 
the  sphyginographic  tracings  produced  by  l*r.  Jetnniigs  do  not  shew 
it;  all  they  shew  is  a  high  blood  pressure,  which,  ns  we  know,  can  be 
lowered  by  nitrites,  morphine,  or  spnrleine.  Furthennore,  siwirteine 
is  not  a  cardiac  tonic  as  he  suggests ;  it  acts  by  depressing  certain 
nervo-celJs  in  the  body,  and  any  effect  it  may  have  on  the  hcjirt 
t«  towards  depression,  thut  is  a  <liminution  of  cardiac  output  per 
minute.  Dr.  Jennings  and,  later,  Erlcnmeycr  have  employed  sodium 
carbomite  for  the  gastric  symptoms  which  may  be  so  distressing 
during  the  treatment ;  symptoms  which  they  uttribute  to  h^'per- 
ftecrction  of  acid  into  the  stomach.  We  find  caffeine  most  useful  in 
coniliating  syncope  or  collapse.  For  the  same  purpose  copious  hot-water 
enemas  (10.')''  F.)  aiv  useful  and  seem  to  soothe  the  diarrhcea.  If  the 
stomach  be  so  disturbed  that  absorption  is  likely  to  l)e  slow,  then  tio 
doubt  it  is  l>etter  to  inject  the  caffeine.  It  is  well  also  u*  throw  hot 
strong  coffee  into  the  rectum.  The  bromides,  in  our  experience,  are 
chietiy  ust-ful  at  the  pencxis  of  excitement;  but  it  must  be  remembered 
that  we  are  but  substituting  one  sensory  depressant  for  another,  though 
with  this  clifference,  that  whereas  morphine  acts  u|K)n  the  sensorj'  cells  in 
an  evolutionary  orrler,  the  bromides  obey  no  such  law,  but  act  ujton  the 
higher  centres,  the  motor  are;*,  and  the  medulla  at  one  and  the  same  time, 
(iraduate  the  descent  of  the  doses  of  morphine  to  the  vanishing  point, 
and  make  the  transition  in  tlie  indivirltial  ciise  as  rapidly  as  the  con- 
4iitutionjd  stJite  and  the  gruin  of  the  habit  will  permit ;  but  l?eware  of 

:hing  the  puient  the  use  of  a  new  narcotic.  Cocaine,  which  has  been 
recomracntled  as  a  temimmry  substitute,  is  a  most  ndschievous  agent,  and 
ia  carefully  avoided  by  idl  physicians  who  have  experience  in  these  con- 
ditions [see  "Cocaine  Poisoning,''  p.  UliS]. 

Whatever  the  value  of  auxiliary  dnigs,  the  importance  of  nourishment 
is  much  greater.  Without  the  utmost  care  and  urgency  in  feeding,  the 
most  promising  cases  may  do  ill.  The  dietary  must  be  of  the  most 
generous  kind,  as  the  siross  lies  heavily  ujwn  the  pined  body.  The 
gastric  catarrh,  perhaps  always  present  in  a   greater  or  less  degree,  is 

vol.  II. — FT.  I  3q 
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a  serious  interference  with  this  puri>OBO.     When  the  iuiu«eA  uul  vmniit^ 
are  troublesome,  cold  meHt-jeilies,  iced  coHeo  with  or  witb<»nt  crt . 
champagne,  and  the  like,  muHL  be  trici)  by  the  mouib,  ami  duppl' 
by  nutritive  ciiemaa.     As  the  atomftoh  becomes  more   capable  • 
turtle  and  other  strong  souj>s,  jind  like  generous  and   restorativ' 
must  be  pressed  upon  the  jtationl ;   and  gentle  massa^r  used  to   t  ■  ' 
ahsorptiun  luid  blood-fomnition  [see  art.  on  "  .Masa;ii;i'/VoI.  I-ji,  -inrij.    IV 
alcoholic  I'eiuudies  must  be  uaefl  sparin^^ly,  \\w\  omitte<l  as  soon  as  ]Kkui'nl& 
As  convalescence  advances  the  nutrition  very  nipidly  improves;  nuusa;* 
may  bo  more  frxiely  useil.  tonic  douches  carefully  adiuiuiAleriHl,  and  dnt& 
in   the   fresh  air  provided,  which  are  better  than   bodily  exercise ,  tk 
massage  produces  ns  much  niuscnlar  movement  as  the  fiatirnt  cm  \tK 
without  fatigue.      It  is  said  that  cases  of  "hysterical  neun.wis/  cfwnbtnM 
with  iiioriihinism,  are  often  cured   in  this  process  of  witbdrawa' 
inik'e<l,  in  the  latter  parts  of  it,  iHffers  little  from  the  metbfMl  of  I'     >> 
.Mitchell.     It  is  stated  by  several  HUthors   that   on  withdrawal  of  U« 
morj)hine  the   sexual    appetite,  long    in   idwyanc*,    may  return  ii' 
and  even  uncontrollably,      (t  is  therefore  of  the  utmost  im[K>rtAtfc« 
women  should  be  attended  by  mature  nurses  of  their  own  sex,  and 
by  male  attendants  only. 

It  has  l*6on  but  T<k>  often  our  misfortune  to  see  the  pains  wfaidt 
to  the  morphine  habit  return  with  the  suppression  of  it ;  a  mfict 
heartening  event     In  one  of  tbeiM}  cases  the  patient  was  an  ohl  p:' 
of  seventy  jeai-s  of  age ;    the  other  a  lady  not  in  a  retreat,  .. 
submitted   to  spociid    feeding   and   massage.     She  rcmainnl   ^m 
and,  as  her  suHerings  were   renewetl,  her  fi-ionds  h;id  to  acj" 
retiu'n  to  morphine  as  the  lesser  ovil  of  the  two.     The  |>;it:<  ;> 
under  full  control,  and  the  case  occurred  before  I>r.  Mitchell  £  i 
b:id  attained  its  present  beneficent  vogue.     During  the  lost  twenty  > 
have  all  become  more  alive  to  the  truth  thjit  in  thin  neurotica,  \  ■  ■■  . 
submitted  to  formal  seclusion  and  masaige  or  not,  the  first  duty  d  lm 
physician   is    bo  press  nutritious   food  upon   the  fastidious  juitirni  Mntil 
a  substantial  mldition  to  the  bo'lily  weight  is  it!gained.      \N'ith  c-. 
experience  wo  muy  now  be  assured  that,  if  reatorative  treatmeni  lit 
cntly  carried  uut,  these  recrude-ireiit  fains  will  gi'adually  disappea 

After- treatment  and  Relapses. — We  have  siH)ken  of  seclusiotK  »<  -^^ 
any  rate  of  absence  from  home,  si^  long  as  a  year  or  a  yvaxr  and  a  htlL 
How  ivin  thirt  l>e  necessary  when  the  withdrawal  is  coraplctecl  even  in  • 
week  or  two,  aiul  the  craving  simimmily  overcome  %  In  dealing  with  tha 
part  of  the  sul»joct  we  hiivt?  to  s|>f'ak  first  of  the  disposition  to  rtdapsr ;  (of 
it  is  upon  this  disfiosition  that  the  insecurity  of  \\w  n^ults  ubtaioed  hf 
the  above  methods  depends,  f  )n  the  whole,  our  own  cases  have  •hvwn  no 
inevitable  tendency  to  relapse.  Setting  aside  halfwitted  and  Bemi  inani* 
morphinit^tfi,  and  a  few  cases,  trejtted  in  the  [last  with  leas  deivmunalMMi, 
in  which  returns  of  [min  forcerl  the  sufferers  lupdn  to  summon  ibe 
treacherous  familiar  to  their  service,  the  goinj  results  of  Oie  caacs  weanaJ 
under  our  observation,  or  within  our  knowloflge,  have  boon  almuai  alwayv 


fBpnMBent.     In  this  respect  oui*  personal  experience  of  morphinism  has 
fcie^n   far  more  siiliafaclory   tJwn   of  alcoholism  ;  and  we  h.ive  too  often 
seen  a  rechiiraed  morphinist  liecome  more  or  U'ss  of  a  tip])]cr.     Still  we 
are  bound  to  atimit  thnt  piibliHhed  statistics  do  not  brar  out  the  permii- 
ii^iict*  of  the  ciire&     In  Germany  the  results  se-em  to  he  less  [wimanent 
than  in  England.     Of  82  pitients  recorded  by  Levinstein,  Gl  fell  back  ; 
28  were  women,  of  whom  only  10  fell  Ijack — which  3p**ak8  well  for  that 
»ex ;    of   32  doctors,  2fi   fell  back,    an  awful    revelation  of  our  frailty! 
Oppenheim  also  refers  to  the  large  proportion  of  baok&liding  doctors — 
male  or  female ;  in  his  figures  y3  relapsed  out  of  250.      Of  100  males  in 
his  series  42  were  doctors;  next  to  these  came  apothecaries,  chemists, 
druggists,  and  others  who  by  their  calling  are  familiar  with  drugs,  and 
in  possession  of  them,  and  of  the  me^ns  of  their  use.     In  a  paper  read  at 
the  meeting  of  the  iVmcrican  Medical    Association    at     San    Francisco 
in    1894,  Dr.  Mattison  reported  that  of  300  piticnts  118  were  medical 
men;    and,    iti   another    set     of    figiirets    63    out    of    125    were   of    our 
prt>fct^ion.     We  must  admit,  then,  that   of    the    buck&liderii   our   own 
profession  funushes    a    largo    proportion.       So  far  as   personal  impres- 
sions may  go  without  figures    we    find    our    own    expeiienco  to  point 
in  the  same  direction ;    thougli   wc    have    seen    severaJ    good    caaes  of 
{>t>rmaneiit  cure  in  medical  men  :  even  medical  morphinists  arc  not  to  be 
without  hope.      Prof.  Osier's  judgment  is  that  the  morphinist  is  "only 
too  apt  to  i-elapsc  into  the  habit"     Our  own  impression  is  that  if  the 
alcoholics  and  wrecks  of  other  sorts  were  separated  from  the  heap,  the 
record    of    [permanent   cures   would   stand   far  better  than  these  figures 
indifyiic,  figurca  which,  pi-operly  of  course,  include  morphinists  of  every 
kind  and  degree.      In  the  case  of  a  respectable  sinner  with  good  home,  and 
friends  to  htdp  him,  wv  think  a  favound>Ie  prognosis  may  be  given  if  after 
four  or  six  weeks*  residence  in   a  retreat,   according  to  the  severity  of 
the  case,  certain  precautions,  such    as  we  now  set    forth,  bo  carefully 
carried  out. 

The  After-cure. — All  observers  experienced  in  morphinism  arc  agreed 
that,  imless  circumstances  forbid  it,  the  patient,  after  the  withdrawal 
is  eatfd)liahe<l,  say  in  two  or  three  months,  should  take  a  sea  voyage. 
Xot  the  Ixnly  only  but  the  mind  and  ethical  habit  of  the  patient  have  to 
be  remade.  Erlenmeyer  well  |)oint6  out  that  of  the  many  grave  objections 
to  a  slow  tapering  off  of  the  doses  of  morphine,  not  the  least  is  the  waste 
of  valuable  time  which  ought  to  he  given  to  the  after-cure.  A  pei-aonal 
me<lical  attendant  is  not  usually  necessary  ff  the  health  be  restored  ; 
all  well-found  ships  have  a  medical  man  on  lx)ard,  who  must  Iw  made 
aware  of  the  former  habits  of  the  patient,  and  l)e  warned  never 
on  any  pretext  whatever  to  permit  the  patient  the  use  of  narcotics  of 
any  kind,  or  to  ailminister  them  himself,  except  in  somu  extraor<linary 
eir  cum  stances.  'ITie  voyage  should  last  for  some  months.  The  travelling 
com)ianioM  must  be  ji  person  of  some  ascendency  over  the  patient,  whose 
will  indewj  is  usually  weakened  by  his  previous  excesses;  and  to  hiiu  a 
grave  warning  agitinst  alcohol  must  also  1>e  given,  for  until  their  morale 
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\&  restored   those   dilapidated   croaltiros,  if   they  do   not  reUptB  imo 
morpliinism.  often  f^ill  under   tho   liondnge  of  drink.      If  a  Ka  ninet 
l>o  out  of  i\w  question  some  means  tnitsl    Ue  found  of  c^bluhtu*  tV> 
patient's   bcuUh    wliilo    protecting    him    fr<im    that    contAct   in 
stress  and   hiirshness  of  the   world   whicli   he   I'unnnt   hear  tint' 
HtuI    boily    are    thoroughly    restored.       Ihning    this    interval 
and    other   corroborants    must    ho    employed    in    order    tu   si$; 
nervous  syatera.      But  the  carejj  and  siresa  of    the  world  are  i 
only  RtoneH  of  stunihlin^.      t*Hul  SolHer  has  described  certain  ti'lei 
recurrent  craving  which  beset  tho  convalescent ;  for  twelve  or  cigl 
months  alter  the  cm-e,  Sollier  says  thnt  crises  may  come  on,  Uutii^j 
twenty-foiu*  or  thirty -six  hours,   duiinj;   which  time  the  pcitient  is 
sesaed  by  ;i  sense  of  intolerable  weariness,  dys])opiiia — shewn  \>y  fit 
after  meals  and  loss  of  appetite — sluggishness,  and  even  diarrbt 
"  biliuusiiess.'     That  this  is  uioi-c  or  leas  true  we  can  aver,  thoogh  t^ 
have  not  observed  these  systemic  fluctuations  so  accurately  ha  >SoUier 
done.     The  times  of  trial  presumably  begin  a«  overwhelming  psyct 
yearnings,  and  take  thoir  origin  in  the  nervous  system,  the  gaatric 
other  symptoms  being  secondary  to  the  nervous  pi^rturUitions.     Hm 
this  may  l«*.  we  know  that  such  a  recurrent  strife  iiiuy  l>e  the  lot  ofl 
imlicnt  for  a  year  or  more  after  the  weaning;  and  herein  lie  the 
lor  advising  a  long  tutelage,  unless  the  patient  can   l»e  earefullv  w»U 
by  his  friends.     If  the  [xitient  have  no  judicious  frienda  to  sccurr  bin 
against  these  resurgent  tides  of  temptati(»n,  a  lung  reaidence  utulcir  the 
discipline  of  an  institutiun  may  wull  be  necessary. 

It  has  Iteen  heM  by  the  courte  of  the  Unit»l  States  that     ' '  > 

morphine,  even  in  great  excet&s,  is  not  suthcient  alone  t«»  j  * 

mentjiry  incapacity.     So  far  as  we  are  aware,  the  question  has  uut  ani«ii 
in  the  Knglish  courts. 

Hy])nntic  suggestion  h^us  been  recommended  as  a  cure  for  morpJiinitfiiL 
Though  without  any  personal  experience  of  the  method,  wc  have  ulttt 
some  [Klin  to  discover  its  virtues.  80  far  aa  we  can  judge,  it  i&  m  miU 
cases  only  that  this  remedy  has  had  even  an  appiiu-atiL-e  of  stuxoss;  aod 
to  send  a  patient  quickly  out  into  the  world  again  under  '^sug^^tfUoD* 
ia  to  court  the  failure  which  will  probably  follow. 
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Muou.  \V.  .V.)'.  .»/"/.  yjtf,'.  Fi|».  17,  1891  ;  Jirit.  Mnt.  Journ.  18»5,  vol.  i.  n.  13ei».— 
28.  MucuiwiN.  ^H  Ausfrntutii  tn  Vhitut,  1895.-29.  OBEIisTKlSElt.  "  Ui^ber  dir> 
MorjiliiurnbHulit  lu  ilir-.T  llcliaii'll.."  Ctulmlh./.  Xenv.nhtiU:  u.  Pnnchiat.  Sept.  1864. 
— 30.  hUin.  "  Dcjr  ciir.  Morphiiiismu.'i "  fand  many  previoiw  cjisaysi,  U'uitfr  A'linik, 
rii.  liftft.  1883.— 31.  OrrKNHF.iM.  Lchrhnch  d.  Nrrvtnkr.  IftW.— :i2.  Osi.eiu  Pmetict 
r>/  JUfft.  1895.  p.  53!>.~33.  1*1.  HON.  /,/  Morjthini^mr,  IgW).  Paris.— 34.  RiriiAltn- 
Hus.  "  Hatiituv«  uihI  their  Trt'utmnit."  Asrlepitul,  1884;  iiml  taiKcf,  1883.— Sft. 
RcKrHAKD.  *'Lt<«  ilorphiomancs  ut  lc'.<t  riiniciim  d'opium,"  fUtion  mM.  Nns.  11,  12, 
1891.— 3tS,  Knt.KT.  MofjihiuAinmuir  ft  MarjtfiiniaiHr,  181*7.-37.  SrHWKNlNfJEK,  Gko. 
ArUitrii,  I.  lUml,  Berlin,  18S6.  — 3S.  Mem.  "  Bomerk.  iih.  d.  Mori-himutrtl,  ' 
Deuttfh,  nu^l.  li'iKh.  167V».-39.  SMITH,  Eh-stacr.  On  DUfUifta  in  CUiUirm.  1884.- 
40.  Soi.LiEi;.  I'aii..  "Ladwitorphtni^atinn,"  Ne/n.  wi(tf.  No.  19,  1S94.— 41.  W.m.kkk, 
S.  Vvrk  Mnl.  t^mt  .S'wry.  AbS'je.  Nov.  27,  1896. — 42.  Wkhnku,  Crotheiis,  Happei^  etc. 
«tr.     DifiCUBsion  in  PhiUdelpbian  Mvd.  Soc*,  PhiUKi.  Jtrjt.  1S92. 


On  some  othkr  Intoxicants 

Hashf.f*sh  PoisoNtNO. — Cannabis  Indica  is  an  uxiimple  of  a  plant 
which  yields  a  loxic  substance  only  when  grown  under  definiie  conditions. 
In  Siberia  it  is  not  tuxic ;  but  in  India  tbe  resin  which  is  elaborated  and 
uuli£C<l  for  tbe  gi-owth  of  the  seeds  is  found  to  be  poisonous.  Tlic 
tcive  principle  is  an  oily  substance  which  can  be  removed  from  the 
minous  material  by  petroleum-ether.  This  oil^  canDabinol,  is  remark- 
Able  in  that  it  contains  no  ttitrogen  ;  it  readily  loses  its  actinty  on 
exposure  to  air  as  the  result  of  oxidation,  llemp-resin  of  different 
seasons  and  places  contains  a  very  variable  amount  of  cannabinol,  so 
that  till'  anionnt  of  resin  forms  no  criterion  of  the  toxicity  of  the  drug. 
And,  as  the  :imoiwilof  mnnabinol  cannot  iis  yet  bo  estimated  chemically, 
wc  have  an  explanatiun  why  so  many  of  the  galenical  preparations  on 
the  market  ar«:  valueless.  The  drug,  as  prepared  in  India,  is  known  in 
three  forms :  bhang,  the  driefl  leaves  of  cither  sex  ;  chanis,  the  resinous 
exudation  ;  and  ganja,  the  dried  Howering  tops  cojited  with  resin.  The 
term  "  hashish "  01  *'  ha-sheesh "  is  a  collective  name  applicrl  indis- 
criminately to  all  parts  and  preparations  of  tl)e  plant.  Hemp  may  lie 
administered  either  by  the  mouth,  when  its  elVticts  are  apparent  usually 
in  from  a  half  to  three-qudrters  of  an  hour;  or  the  dnig,  generally  ns 
ganja,  may  l>e  smoked,  when  the  symptoms  come  on  almost  immediately 
but  do  not  last  so  long.  The  action  of  Indian  hemp  is  upon  the  brain, 
it  i.t  both  a  delirianl  and    a    soporific.       In  small    or    rehitively  small 


doHes  it  gives  rise  tu  gny  hallucinations,  at  any  rate  in  «iine  »— ■- 
and  races;  it  u  also  said  to  act  as  an  aphfodi^iac,   the   dreuu 
of  a  Uistful    kind.      To  Kuropeans.   however,  tbia   descripLJon  soincij 
applies  ;  the  (Ircinis  are  simply  )li«igreealile.     The  first  cITert  of  ibe  dm 
is  to  |iroducc  excitement  which  is  comparable  in  many  ways  witb  ;bu 
seen  aft«r  taking  alcohol :  the  patient  is  noisy  and  restless,  h*  is  UssaiiT 
and  freer  in  speuch,  he  liiughs  ininioderately  at   LriHes,  and  his  nuinntTi 
are  ahaadoncd  and  no  longer  conform  ^nth  those  of  polite  Boci«tv.    Ai 
in  th«  case  of  aUobol  we  believe  that  this  excitability  of  the  motor  Jiftu 
and  lower  centres  in  the  brain  is  not  due  to  direct  rt 
depression   of   the  highest  and  controlling  centres.     C  • 
a  depression  of  the   highest  centres  tlnrin^  thin  excitement,  nn-; 
shewn   by  diminishc«l   capacity   for   the   perfonnaiice   of    niwitul    .  ._ 
inability  to  concentrate  the  attention,  and  by  feeble  judgment    Xeter 
thcleas,   as  in   the   case  of  the  alcoholic,  the  jiatieiit  regards  the  dna 
as  a  decided  stimulant,  and  his  uncontrolled  fancies  ho  looks  npon  u 
the  cerebration  of  an  exalted  brain.     It  is  of  course  QcedJc«4i  " 
that  the  testimony  of  introK|H!ction  during  this  conilition  is  v 
as  evidence  of  stimulation.     If  the  environment  Iw  sutUiblc  the  piirLi 

sooner  ur  later  sinks  into  a  condition  of  dreamy  and  languid  ciini«-Mt > : 

followed  by  sleep.     Hallucinations  and  delusions  form  a  cliar.i 

feature  during   this   intoxication.     Ideas  of  ;i  more  or  less    imp 

sort  dicker  across  the  mental  horizon;  the  patient  does  not  r'-':' 
that  they  are  ridicnlons  aii<l  is  (luit-e  unultle  to  control  tbcm.     '' 
the  two  most  imporuuit  illusions  are  those  of  time  and  spcicc      i 
estimated  incorrectly,  minutes  appearing  as  hours.     It  should  be  rmtem 
beied   in   this  connexion   that   we  eRtiniat«  lime   liy    siicce^ive  ufOtA! 
impressions :  and  the  uncontrolled  and  fleeting  thoughts  aiid  impretoop* 
obtaining  during  hemp  intoxication  may  well  load  to  an  ovenutimatioft. 
Space  also  may  tm  overestimutiNl,  altliough  this  is  less  common.     ThflK 
illusions  are  seen  in  other  forms  of  intoxication  ulso,  for  example,  in  tlut 
of  morphine  and  mescal,  but  in  the  case  of  hemp  ihey  are  more  fii> 
nounced.     Certain  physical  signs  are  also  e\*ident  dtiring  horap  inloxio 
tion,   such   as  museidar  weakness,   inco- ordination   of   movemt^nls,  smi 
slurring   speech  :    thus    hemp  is   contrasted   with   morphine,   which  ir 
modei-ate  dos**8  has  no  effect  on  the  motor  functions.     Like  morphiir. 
however,  hemp  diminishes  the  perception  of  pain  and  in<luce8  a  partiil 
anii^sthcsia  of  the  skin.     Early  in  the  stjitc  of  intoxication  reBexr^  an 
usujilly  inerujt^ed,  although  later  they  Iwcome  decideilly  depressed. 

The  ort'ect  of  the  inludation  of  the  fumes  of  ganja  is  to  produce  u 
exhilaiation  and  serine  (*f  refreshment  which  are  particularly  notir«aMr 
after  fatigue,  mental  vir  |>hysical  :  these  feelings  are  inoiv  pntnouoefld 
than  those  prothiccd  by  cither  tea  or  alcohol,  and  are  not  followed  !«• 
reaction.  In  the  .s|>;ice  of  some  twenty  minutes  to  hnlfiinhoiir  the 
wears  off.  The  sensory  nerves  are  benumlMHJ  and  thf  pupil  is  dti 
There  are  no  consUiut  symptoms  of  i-espitation,  pulse,  or  t*»m[>«*r»t 

It  is  stated  by  the   "Indian   Hemp  L>rtig  Commission "  of   18 
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that  ''its  moderate  Ufto  hag  no  pbyeicHl,  mental,  or  moral  ill-effects  what- 
ever." "It«  excessive  use  injures  the  phy?i(;ia]  constitution,  and  may 
cause  dysentery  and  bronchitis.  It  tenda  to  weaken  the  mind,  and  may 
caivte  insanity  sometimes.  It  iiKhices  mental  depravity  and  poverty,  Uut 
rarely  crime.  Tlie  injury  caiisetl  by  cxcussive  U!?e  is  confined  almost 
exclusively  to  tbc  consumer,  and  scarcely  atfects  society."  The  Com- 
mission thought  that  careful  inquiry  reduced  the  proportion  of  genuine 
hemp  drug  caaci).  "Of  22*2  casei}  of  insanity  ascribed  to  hemp  drug.s  in 
the  Lunatic  Asylum  statements  of  1892,  only  98  are  found  on  careful 
intjuiry  by  the  Cnmmisaionera  to  have  any  connexion  with  tlicm.  The 
result  is  that  of  the  whole  number  of  cA»es  iLdmirtcd  to  Innatic  asylums 
(in  India)  in  that  year  only  7 '3  per  cent  can  bo  ascribed  to  hemp  cirugs, 
and  if  cases  in  which  hemp  drugs  have  been  only  one  of  sovural  [toasiblc 
causes  are  omitted,  the  jxircentage  falls  to  4*5.  .  .  .  Hemp  drugs  cause 
insanity  more  rarely  than  has  popularly  been  supposed,  and  the  resultant 
insanity  is  usually  of  a  tempomry  character  and  of  shorter  duration  than 
that  due  to  other  causes."  The  latest  account  of  hasheesh  insanity  we 
owe  to  Dr.  \N"arnock.  and  the  following  paragrajibs  are  extracted  from 
I>r.  Ctouston's  review  of  AVarnock's  Keix>rt  for  1895  in  the  t/Minia/  of 
MciiUa  Sdrttce,  October  1 89«  : — 


K 


Dr.  Wiunock  haJ  some  interesting  fncts  in  regarii  to  hasheesh  mid  its  nieutid 
eJfects.  or  hitt  -'jS  admiiisioni*  in  the  Ut»i  halt  of  1895,  40  were  put  down  tu 
the  abuiK  uf  hiuheesh,  und  40  more  to  the  combined  efrccln  uf  thi«  drii^  and 
alcohol.  Of  80  cases  only  G  were  women.  In  4 1  per  cent  of  all  his  ninle 
patientd  hnaheesh,  alone  or  combined  with  alcohol,  caused  tht  disease  ;  while  in 
only  7  per  cent  of  his  female  patients  was  this  the  case.  After  stating  that 
the  habit  of  tsmoking  Indiim  hemp  is  widely  prevalent  in  KjQ'pt,  he  asks: 
Is  there  a  form  of  insanity  pi-Ofluccd  by  this  litibit  t^o  rr^^nently  o<'curring  or  of 
peculiar  tt  type  that  it  can  be  demonstrnted  by  a^yUlln  8iaii!»tic8  /  And  in 
hcesh  a  potent  factor  in  the  production  of  insanity  in  Kgypl?"  Uii*  con- 
clnsion^  are  :  *M.  1  have  uu  doubt  that  iu  quite  a  considerable  number  of  cases 
here  liaaheesh  is  the  chief,  if  not  the  only,  cause  of  the  mental  disease.  S.  I 
doubt  very  much  if  hasheesh  in«mity  can  be  at  present  diagnosed  by  its 
clioicul  characters  abme.  Many  huaheeah  cases  recover  almost  immediately  on 
their  admission,  an  abstinence  t'rurii  the  dnig  being  in  such  ra«es  followed  by  tt 
ceMatiun  of  the  morbid  symptoma."  Tliis  sudden  and  rapid  recover)-  is  the 
most  pathognomonic  sym[>to)n.  He  closiiifies  the  usual  tyfies  of  hasheesli 
insanity  as  bein;*  : — 

'■^a.  HitJiiufjiJi  hUoxication. — An  elated,  reckless  state,  in  which  optical 
hallucinations  ond  delusions  that  devils  posset's  the  iiubjeet  frequently  exist. 
Sometimes  the  cimdition  amoimts  to  delirium,  wliich  is  nsually  milder,  more 
manageable,  and  less  aj'(;i'es8ive  tliati  that  of  alcohnl,  and  exhibits  none  of  the 
ataxic  phenomena  of  the  l.iiter.  Recovery  laki-*  place  in  u  day  or  two,  or  less ; 
and  the  patient  usiinlly  recognises  the  cause  of  liis  cxeit*.>meut.''  In  connexion 
with  this  ■*  intoxication  ■'  i>r.  Waniock  asks  if  the  subject  of  it  is  to  be  held 
res]K>ni>ililu  for  crime.*  committed  in  this  state  or  not  1 

'*/>.  Ariitf  Mania.  —  In  tins  type  terrifying  hallucinations,  fear  of  neigh- 
bour»>  outrageous   eunduot,  continual    reatle^sneas   and    talking,   sleepleasneae, 
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exbaastion,  marked  incoherence  and  complete    absorption  in  tiMan«  tdiAi 
tlie  prominent  aymptomi^.     Sucli  cafies  last  some  months,  anil  do  not 
recover. 

"f.   jymk-viiv4i€iiiie$9, — With  acute  outlnvaks  after  vnch  titw, 

Tlieeo  eatjt»  ai-e  very  numerous.      Wliile  iu    rvwdencc  such  j-  :r  ^mri 

usuullyi  iiDil  Mull  I't'havi'd,  uuJ  only  belray  i\iv  inij^juin:tl  state  ot  itu'ir  braiuVi 
being  ovi-r-tJilkutiv<.%  L'£U<ily  pluisvl,  lazy^  anep/ic,  uxcitablu  un  small  pnn«cii> 
tion,  uncunct^niLHl  iiboul  llieir  future,  and  willin;^  ta  May  in  hospital  oil 
lives.  Tlioy  sliuw  mt  interi^l  in  tbuir  relativcfl,  and  only  ask  far  plenty  ni 
and  cigarottea.  After  buing  diBclmrgcd  auch  ca^es  won  return  in  a  amditinn 
excitement — in  fact  in  a  ruild  fttrm  of  tyi>e  ^t.  Tbey  then  talk  rapiini 
rufih  about,  pouring  torreiiU  of  abuse  on  tbrMe  near  tiienj  ;  cnnw  and  rvrt 
sliglit  pntvai:atioii  ;  ayk  .xlueplejiH,  and  for  ever  moving  in  an  aimlem 
urgent  to  be  rel4^ai«?d.  Tbey  deny  the  us-e  of  liaslu^e'sh  at  one  nioi 
booBt  of  it«  womlerful  eHecta  the  next  Bi'-'*idcs  tbe^e  types  tliere  arr 
of  cases  of  clinmic  inaniaf  mania  of  persecution,  and  chronic  dt 
alleged  to  be  produced  by  hasheesh,  but  [  have  no  means  of  verifyibf; 
allegations.'' 

Cocjunk 

Cocaine  and  ita  saltA  have  been  largely  iiseH  as  a  moaiia  of 
anesthesia.       They  have  also  been    recuramended    by    physiciaiu 
uthera  as   a    tBm[x>rary    substitute    for   morphine    in    the   weaning 
morphinists  from  their  habit.     The  dnig  has,  moreover,  bo^i-n  »i>icd  ai] 
habit  for  its  own  s<-ike — either  the  leaves  are  ehewed,  as  by  the 
Peruvians  and  others,  or  the  alkaloid    is    Uken    into    the  sysCero* 
injection  or  otherwise,  in  its  jmre  state.     Cocaine  is  derived  from 
Erythroxylum  Coca.     The  n.se  of  it  by  the  inhabitants  of  the  Pacific 
of  South  America  goe.s  back  beyond  bistorica)  times  ;  and  under  the  tsitnf 
of  "  Siiadic,"  and  other  names,  the  leaves  arc  largely  iiseti  at  the  p 
day  by  the  Penunans  and  other  tribes  of  We-stem  South  America. 
leaves  are  chewed  and  mixed  with  lime^and,  in  the  luibtt4  of  tho»e 
they  seem  to  take  the  place  that  tea  and  the  like  do  with  us.      Under 
influence  of    the    drug    the    In<lirtn  is  said  to  p4?rform  mpid  and   h 
journeys,  or  to  caiTy  heavy  loads  on  very  small  ituantities  of  ftrnd. 
abc\'ance  of  appetite  is  probably  due  to  the  benumbing  cflbcla  of  the 
on  the  coat*  of    the  stomach.      Following  the  example  of  Sir    K 
Ohristison,   we   have  tarnerl   some  cocji  with  us  to  the  Alps  on 
than  one  occasion  in  the  hope  of  humiliating  our  fellow-eltml>cn8  by 
feats  of  activity  or  endurance,  but  without  succeas ;    the  Ichvcs 
obttiiued  from  a  trustworthy  source^  but  tbey  seemed  to  have  no 
whatA«ver. 

The  drug  as  taken  by  the  Indians  is  siu'd  not  only   to  endow 
labourer  with  extmordimiry    powers,  but   also    to    have    the    «heei 
and    exciting    eflects    of   a  nervine    stimulant.      Among  these 
however,  it    is  said    that    those  who  use    coca    in    excess    fall    int* 
manismns.     The  Indians  say  that  under  the  intlueucc  of  coca  they 
no  sleep ;  certainly  insomnia  is  one  of  the  symptoms  of  poisoning 
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ihe  allcAloid.  It  must  lie  remeni)»errtl,  howuver,  that  tbe  ulkiiloid 
cocaine  does  not  represent  the  whole  nction  of  the  leaf ;  other  nlknloida 
such  as  isivtropyl- cocaine,  bcnaoyl-ecgonine,  and  sonio  volatile  oil  iiro 
also  present  and  nmy  to  some  extent  inoilify  the  action.  For  the  simm 
reason,  coca  >vine  should  Imj  prepared  from  the  properly  preserved  leaves 
and  not  by  the  simple  additioti  of  cocaine. 

The  virtues  of  this  agent  in  producing  local  anaesthesia  ai-e  well 
known.  A  '1  i>cr  cent  solution  of  cocaine  painted  u])on  a  mucou!^  meni- 
branp.  as  on  that  of  the  eye  or  of  the  mouth,  frequently  proves  itself  a 
sufficient  anie^thetie  for  superficial  operations.  By  suhcuUineous  piinetnr- 
ings  even  a  deeper  anasthcBia  may  he  produced  ;  but  the  beneficent 
virtues  of  the  agent  in  this  direction  are  unfortunately  rendered  of  leas 
avail  by  its  treachery  in  others.  Cocaine  is  a  rapid  and  often  a  deadly 
poison,  and  one  which  has  its  own  incalculable  ways  with  certain  sensitive 
people.  8t)me  penjons,  who  are  very  susceptible  to  the  drug,  present  no 
signs  of  the  peculiarity;  children,  on  the  other  hand,  shew  u  remarkable 
toleration  of  cocjiinc,  as  to  another  mydriatic  agent,  atropine,  to  which 
coaiine  is  allied  cliemicidly. 

Acute  Cocaine  poisoning. — So  far  as  we  are  aware,  cocaine  has  never 
been  used  as  a  means  of  murder,  though  a  few  instances  of  suicide  by 
the  drug  are  recoixled. 

Far  commoner  are  case;)  of  mishap  in  the  use  of  cocaine  in  surgerv. 
Id  some  of  these  cases  of  poisoning  the  agent  wiis  used  in  careless  excess ; 
in  the  large  majurily  tlie  drug  wjis  used  in  relative  excess,  no  doubt ;  but 
the  most  dangerous  use  of  cocaine  is  to  inject  it  into  cavities,  whether 
natural  cavities  such  as  the  bladder,  the  tunica  ^'aginalis,  and  the  like ; 
or  abscesses  or  sinuseR.  and  this  is  |)08«iMy  on  account  of  its  very 
rapid  absorption.  Cocaine  is  aUo  a  dangerous  drug  to  use  in  the  case  of 
brokenKlown  or  anaemic  persons,  especially  of  persons  in  whom  there  is 

r.msoD  to  suspect  degeneration  of  the  vascular  system.  The  general 
j^inion  of  careful  surgeons  and  exi^nmenters  is,  that  it  is  well  not  only 
to  economise  the  dose,  but  also  to  dilute  the  solution  of  the  dmg  to  as 
low  a  point  as  1  per  cent.  Dr.  Hayes  reij<irt«  a  oh-mc  in  which  the  use  of 
a  nasal  spmy  iti  u  4  per  cent  solution  caused  delirium  and  cramps,  and 
Dr.  de  Haviliand  Hall  a  case  of  poisoning  by  a  nasjil  spray  of  10  per  cent. 
Dr.  Mactii^r  reports  sharp  but  transient  poisoning,  in  a  man  aged  twenty- 
five,  by  four  drops  of  a  5  per  cent  solution  instilled  into  lioth  conjunc- 
^tival  sacs.  It  is  probably  a  good  rule  never  to  exceed  3  p4!r  cent  in 
iolutions  for  surgical  use ;  yet  chlhlren  are  said  to  tolerate  solutions  as 
Rtrong  ;is  20  to  40  per  cont  (Felizet).  Still  it  can  never  be  wise  to 
presume  upon  such  immunity  ;  for  Hayes  records  the  cjise  of  a  child  in 
which  death  followed  an  injection  of  about  half  a  grain  into  the  urethra. 
Schede  reports  grave  though  not  fatal  |>oisoning,  in  a  strong  man  aged 
twenty,  b)-  the  injection  of  thirty  minima  of  a  10  |»er  cent  solution  into 
the  urethi-H ;  wasliing  out  of  the  urethra  and  bla<lder  on  tbe  first 
appearance  of  the  symptoms  seemed  to  be  of  no  sernce.  As  regards 
absolute   (pmntities   it  is   ytvy   tlitficnlt,   as  we    have    foreshadowed,    to 


estalilieh  a  limit  of  safety.  So  little  as  |th  of  a  gmin  injected  lunVet  ih 
akin  bus  Iwot  followed  by  slight  symptoms  a>n<l  half  a  gnin  nut 
infro(juoiitly  ;  tbough  this  quantity  oould  safely  l>e  julministcreti  to 
peraons,  aiitl  could  not  !«  very  tiHrniful  tu  any.  No  diHibt  stKh  *K 
diKturh  tlujfle  persons  only  whose  susceptibility  is  high  :  such  fimotu 
prubiibly  many,  I>ut  there  h  no  morius  of  wiimomiig  iheiu  out.  *Jniir 
persons  c^m  tolenite  a  <(uart«r  of  a  grain  well  enough,  mid  evcu  « 
and  ix  half.  Tlie  reports  uf  fattd  doses  vary  from  eight  l*i  Iwmty- 
ginins  (16);  Mr.  Ciirgenven  records  a  cas..'  in  which  ten  grain*  urn 
fatJil  to  a  woman.  One  of  ma  oiicu  jHiinted  hit;  thrn:a  iittemlly  viiii  i 
'JO  pci*  cent  fiolntion  of  the  hydruehloratc,  some  no  duubt  beiny  siroJlovul 
It  is  doubtful  how  much  of  the  solution,  which  o<jnt«ined  ■  ii    * 

was  u.so<l  ;  slight  hallucinations  and  delirium  Hpj)ear<5d  Hi.> 
though  the  disorder  was  not  noticed  by  othei-s. 

A  widcsprc'id  ana'$the«ia  can  Iw  induced  by  injecting  cocaine  iiit  ■ 
spinal  tiulKlural  canal.     Complete  {uii-alysis  quickly  ensues  beliTwthr  yem 
of  injection,  whilst  consciousness  remains  nnLTU|>aired ;  for  d<ciuii|)l''.  '  r 
of   cocaine    injected    iietween    the    third   and    fourth    luiuliar   %>.■' 
produces  ana?!3theKia  of  ihc  h>wer  limbs  up  to  the  level  of  tl  • 
The  loss  of  seiisjilion  begins  in  the  extremities  three  or  four  m 
injection  and  sprcjuls  upwards  gnidiudly.      Aft*^r  such  injectirms  | 
CJin  distingui&h  between  heal  and  cold  after  tactile  sensations  h:i^  -  .. 
apt>cared.     The  motor  nerves  are  paralysed  after  the  senson*  and  reoovrr 
first,  «o  that  the  patient  may  still  be  able  to  move  his  legs  when  i»c»»uu« 
is  lost.      Pitesci  reports  406  cases  of  spinal  anaesthesia  without  a  dcatk- 
A  solution  of  one-sixth  to  one-third  of  a  grain  of  cocaine,  made 
ccrebro-ipiriul  fluid  previously  withdrawn,  was  used  in  all  cases. 
discufi-^ion  which  followeil  Jonnesco  re|>orted  eight  crises  with  ono  dt 
which  was  attributetl  to  the  cocaine.      Se>Tieana  aJeo  reiMtrtcMl  thirtj* 
with  one  death.     From  his  still  more  recent  experience  of  over  *i*MJ 
Dickinson  sny&  that  the  mothiHl  is  reliable,  and  that  ni>  -u 
be  felt.     Since    1904,  however,  this  use  of  cix-aine  has  gr.t.i 
superseded   by  the  hydrochlorate  of  /i-amyloine,  wliich  is  u»i 
inidcr  the  proprietary  name   '*  Stovaine."     Stovaine,  when  injc< 
the  suljdural  canal  in  doses  of  ^  to  1  .\  gr.,  produces  a  widespread  amrtfl 
;ia  jwrfect  'as  that  of  c(M*aine.     It  is  reputed  to  l>e  only  ahtiut  our-hair^ 
toxic  as  c04*aine,  and  to  be  without  the  objectionable  iiflor-efFecU  ol  t4? 
latter  drug.     Stovaine  is  also,  to  a  smaller  extent,  diht' 
a  local  ana'sthelic:  it  is  an  irritant  drng,  aeid  ptx>lon^- 
mucou.«-  membranes  results  in  6lou<^diing  anil  nheralion  of  the  pfiris. 

Cocaine,  like  all  other  drugs  which  spcciHciiUy  exeil^.-  the  cerch 
is  a  very  uncertain  drug  in  its  action :  the  doses  for  indtvlduuls  xni 
carefully  approached  iu  each  ease,  and  ^>Iuiions  injcoteil  under  the 
or  into  cavities  must  not  exceed  a  Atrenijth  of  3  i»er  c«nt :  indet-il 
minims  of  a  I  jjer  cent  ilibitiou  are  suthcient  to  use  in  a  patiei 
persoiud  equation  in  this   res|>eet  is  not  known,  or   in  whose 
solution  may  penetrate  raw  sttrfa«-i>s  or  hi<;hly  vascidar  aretiA. 


the  gums.  The  minimum  fatal  dose  is  Hxcd  mthep  doubtfully  by  McUtne 
HHiniltoii  at  half  a  •rrain. 

Miioh  stronger  dilutions  may  1m?  u»>cd  to  ] taint  upon  unbroken 
aurfut'ca ;  indeed  the  thng  is  not  readily  absorbed  liy  the  skin,  thougli  it 
produces  an  anieslhelic  action  upon  it.  Muoims  surfaces  must  be  dealt 
with  more  cautiously.  ThiK  aniusthusia  sctnui>  to  arise  in  all  uninuds 
possessed  of  a  nervous  system — even  in  mollu&cs,  crustaceans,  and  the 
like — when  submitted  to  the  action  of  coca.  The  action  of  the  drug 
does  not  seem  to  l>e  cumulative.  Rules  for  the  n»c  of  cocaine  in  snrgery 
by  K^^cliifi  seem  to  be  regarded  by  thoee  best  able  to  judge  as  trustworthy 
and  sufhcient. 

KesoiTin,  chloretoue,  or  other  antiseptic  must  he  added  to  solutions 
of  cocaine  rc^juired  to  bo  kept.  A  mixture  of  cocidue  and  adrenalin  has 
recently  been  employed  for  injection  as  a  local  antesthetic.  U  is  vei^ 
satisfactory  and  less  prone  than  cr>caiiic  to  piv)duce  nntowiird  cfl'octs. 
The  coc;iine,  by  dirt'usioii  into  the  surrounding  part-s,  cj»n  still  paralyse 
the  peripheral  senHory  endingi4  xs  [jerfectly  iw  if  inject^'d  ahtnc  ;  but,  on 
account  of  the  intense  voso-constriction  inductnl  by  the  adrenalin,  it  is 
absorlwd  much  more  slowly. 

Kucairie,  an  artificial  alkaloid,  is  l>eginnit)g  to  take  the  place  of 
cocaine:  it  is  only  about  one-fifth  as  toxic,  bnt  its  unefsthetic  action  is 
more  slowly  developed,  and  not  so  permanent.  It  dws  not  constrict 
vesseU  nor  ih'late  the  pupil  like  cociune. 

.!?ym/j/f/m.s. — When  a  relatively  excessive  dose  has  l>een  taken  the 
patient  becomes  p.'dc,  faint,  and  giddy,  and  hreuks  into  a  sweat ;  he 
cumplains  of  creepings  on  the  skin,  {Hilpitatioti,  and  a  sense  of  anxiety 
in  the  precordial  region  ;  the  pulse  begins  to  rise  rapidly  in  rate  and  to 
fail  in  (ttrength,  and  be  becomes  loquacious,  agitated,  or  oven  hysterioid. 
The  dilated  pupils  fail  to  react  to  light  and  Jiccommodation  ;  the  icspiiii- 
tion  Ikjcoiucs  jwtnling ;  faiiilness  passes  into  prostnition  with  more  or  less 
lOBB  of  consciousness,  and  ]x.>rbapfi  with  convulsions  ;  cyanosis  deepens,  and 
in  grave  cases  Cheyne-Stokos  breathing  is  said  to  occur.  The  mnsculai' 
system  sutlers  grejitly  :  i>ains,  often  sudtlen  and  severe,  are  felt  in  the 
limbs,  and  cramps,  unilateral  or  bilatei-al.  tiikc  |H>f)sission  of  them,  chieHy 
on  the  side  of  tiie  tiexors,  which  may  amount  to  gencial  rigidity  and  even 
to  well  marked  tutanits.  Trismus  and  t<!t«nic  seizure.^  are  also  reconled 
(Schode).  Some  ana-sthcsia  of  the  skin  is  to  l>e  determined  from  the 
outset  if  the  patient  I>e  able  to  testify  to  it  ;  but  he  may  soon  fall  into 
a  delirium  with  hallucinations,  become  violent,  suicidal,  or  even  homicidal 
(Homnann) ;  on  the  failure  of  the  sphincters  urine  and  fiece**  are 
IKissed  int*)  the  bed.  CiX'aine  firat  excites  the  central  nervous  system, 
esjM^cially  the  niot*tr  area,  and  this  stage  is  followed  by  depression,  during 
which  death  may  occur  from  collapse  or  respiratory  failure. 

In  cocaine  pui.snning,  even  in  the  midst  uf  such  grave  syniptoms  as 
these,  we  may  be  more  hopeful  of  recovery  than  in  some  other  intoxica- 
tions. The  duration  of  the  s\Tnptom8  is  short,  whether  they  end  in 
recovery  or  in  dcuth. 


Tlus  irettimeiii  is  such  m  the  symptoms  indicate :  it  consist*  iii  liu 
horizontal  positioDT  the  use  of  alcobot  aiul  flit^usiUc  ^tUmiibnts,  such  u 
amnioniii,  hy  the  month,  the  rectiim.  and  th(.'  sidicnuineoua  liBOie;  the 
inbahitioii  of  oxygen,  uiid,  if  ncoessat-y,  tirtifieial  inspiration.  Intraven'MU 
injections  of  two  or  three  ounces  of  normal  saliiiv  solution  are  stiH  taj 
have  provefl  helpful.  Nitrite  of  amyl  has  been  rurrontly  nvommemW] 
when  the  arterial  l»Ioi>d-pres«nre  is  niut'h  riised.  The  inhalation  of  chV 
form  or  ether  may  be  used  for  convulsive  attacks.  In  case  of  recover 
some  nervous  disturbance — such  i\&  insomnia,  vertigo,  mental  dopresuoti, 
and  tingling  in  the  limbs — may  continue  for  some  days.  If  a  fatal  cn-nt 
ensue,  the  convulsions,  tonic  and  clonic,  will  continue  and  coma  will  art  in. 
so  that  the  status  epileptictw  is  cstiiblished.  in  some  rcsiwcu*  thn  syui|il"iiu» 
may  he  likon«d  to  those  of  poisoning  by  atropine.  If  the  druk;  h*l  bwn 
taken  by  the  mouth  the  stomach  should  be  emptied. 

Morlnif  AiuiUnnf{.~~\n  this  there  is  notliin^  very  ch»mcteri>tic,  ami 
unless  cocaine  be  dotucted  in  the  organs  of  the  body,  the  cause  of  doib 
cannot  be  ascertained  by  autoi>sy  alone.  Ehrlich  says  that  chaogea  mi_ 
to  be  founrl  in  the  hepatic  cells — a  "  vacuolary  "  degeneration ;  ihtf  rcH 
arfi  large  and  cvun  enortnoui;  in  size,  the  nnt-lci  Iwing  Atrophied.  T^ 
liver  is  much  enlargwl,  and  looks  pale  from  fatty  change.  During  iilfl 
the  drug  is  Kiid  U)  injure  and  destroy  the  leucocytes. 

Chronic  Poisoning.  Cocainlsm. — Sensitive  a«  many  pemms  an 
small  doses  of  cocaine  and  its  salts,  yet  by  habit  the  dceos  my 
enormously  increased,  us  in  the  c4Lse  of  other  like  agents.  Coeaioii 
have  frequently  been  known  to  take  from  thirty  to  forty  grains  in  a  Aiyj 
but  not  with  impunity  :  the  ert'ects  of  chroinc  intoxication  by  cocstne  arr 
even  more  terrible  than  those  of  morphinism.  Like  morphine  and  alcohol, 
and  utdike  cotr«e  and  tobacco,  o>ca  brings  the  consnrner  into  hopela* 
bondage.  It  is  alleged  that  the  ha>»it  is  on  the  increase,  that  it  is  tsl 
for  its  sustaining  Wrfcuea  in  physical  exercises,  and  again  as  a  cordial 
the  "roca  wine"  so  recklessly  sold  to  the  public-.  If  ihi^re  Itfl  mcain*'- 
the  wine  the  moi-als  of  the  buyer  sulTer.  if  none  those  of  the  seller.  'V 
snutl's  and  lozenges  aiv  also  sohl  for  common  use.  The  habit  is  said' 
prevail,  chieHy  in  the  form  of  hypodermic  injection,  in  Paris  imd  in 
United  States. 

Si/wptoin.^.     The  first  effects  of  the  drug,  at  any  rate  in  ihme  who 
hahituatetl  to  it,  consist  in  a  sense  of  well-being,  briskness  of  percept 
and  removal  of  fiitigtie,  which  make  the  drug,  like  others  of  iu 
attractive  to  thoso  who  are  at  once  keen  for  life  and  yet  soon  faltgi 
Pcjennial  joy  and  vivacity  seem  promisecl  to  them.     The  effect,  hnvne^ 
is  very  fleeting,  more  Deeting  than  the  gifts  of  morphine,  and  is  bou 
even  at  a  greater  price.     For  these  (pialities  the  drug  has  t>een  ui 
the  treatment  of  melancholia  ;   but  the  relief  obiaimul  i<  tmnsiont 
is  fullowed  by  a  depression  which  more  than  undoes  the  nioment-iry  gv 

•So  also  wiih  those  who  uso  cocaine  for  purjMtscs  of  intoxi( 
depression  and  in^Ktmnia  soon  supervene,  and  the  victim  is  drnwo^ 
more  and  more  frequent  repetition  of  his  doses,  and  to  inorenw  «if 
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quatilities  of  each.  As  this  futal  boudage  is  tigbtuned  Kyinptoiu8  of 
chronic  intoxication  come  on.  The  U'inporary  prostration  anej  riunflcu 
grow  worse  (that  is,  if  the  drug  Iki  withheld) ;  the  appetite  fiiils ;  diun'hu'ji 
may  set  in  ;  fits  of  semi-conscioiisuess  appe:ir  with  no  sulitjfipient  recollec- 
tion of  that  whicii  hai»  {uidj^ed  ;  a  persistent  tremor  inviuieb  tbe  musi'lea, 
especially  of  the  upjxT  limbs,  and  the  nights  arc  sleepless.  As  the  habit 
pnigresses  more  permanent  signs  of  deterioration  shew  themselves :  the 
fncc  t>eeomes  sallow,  the  eyes  sunken,  and  the  wiiohi  ImhIv  t>ni:ici:ited  ;  the 
will  beeomes  weakened  to  the  point  of  imbecility  :  the  voice  is  enfeebled 
to  whiniiigs  and  fretful  [>ulin';8  ■  hallucinations  pot;se£s  the  senses  ;  the 
limbs  become  cold  and  tornirnted,  as  is  the  rest  of  the  skin,  with  sensa- 
tions \\&  of  creeping  animals  or  vermin  ;  the  mind  gives  way,  and  delusions 
of  persecution  are  pi'ominent  in  the  wreck  of  intelligence.  If  the  habit 
be  atill  continut^l  the  abasement  becomes  profound.  Now  few  (persons 
would  fait  into  this  pit  were  it  not  that  the  use  of  coca  has  been  recom- 
mended, most  unfurl  unately  in  our  o{)inioti,  by  some  physicians  as  a 
means  of  esca|>e  from  morphinism.  Were  the  value  of  coca  in  this 
respect  more  than  it  is,  so  l»aneful  a  cure  should  have  our  aversion  :  but. 
as  we  believe  that  it  has  very  little  value  of  this  kind,  and  that  indeed 
the  end  desired  can  be  better  attained  in  other  ways,  it  is  to  be  hoped 
that  the  cocaine  habit  will  soon  be  forgotten. 

The  first  effect  of  cocaine  injections  is  on  the  circuUilion  ;  the  pulse 
becomes  quicker  and  the  pcriphei-al  arterioles  contract ;  the  contraction 
is  brought  about  both  by  excitation  of  the  vasomotor  centre  in  the 
medulla  and  of  the  T)erve-ending8  in  the  vessels.  Tbe  result  of  these  actions 
is  that  the  arterial  blood -pressure  nses.  As  the  eft'e(;ts  of  the  drug  l>egin  to 
wear  ofi",  as  excitement  gives  place  to  depression,  the  opposite  ciix-nlatop}* 
conditions  to  th(jse  <lescribed  obuiin  and  blood-pressure  falls.  It  is  a  pity 
that  no  trustworthy  n-eoiils  of  blood- pressure  in  man  daring  cocaine  and 
worjjhine  narcosis  have  yet  Wn  recorded.  As  the  effect*  pass  off  a 
blunted  appetite  and  a  renewed  insomnia  intensify  the  (Kitients  suflViings. 
Such  a  jHitient  left  to  himself  Ix^comcs  enslaved  to  lioth  drugs,  luid  must 
nm  up  the  closes  to  large  qnantities^ — to  30  or  40  gnnns  of  each.  As 
Erienmeyer  shrewdly  says,  the  cocaine  Is  far  less  effective  in  remoiing 
the  morphine  symptoms  than  is  morphine  itself;  so  thut  it  is  better  to 
use  morphine  in  the  cure  tiian  this  new  and  treacherous  ally. 

Pro^tosis, — The  slavery  of  coca  is  woi*se  than  that  of  morphine ;  it  is 
more  destnictive  of  mind  and  l>ody,  and  ImixJer  to  put  ui^ide.  The  mor- 
phinist still  retains  some  desire  to  defwit  his  enslaver,  and  is  filled  with 
gratitude,  at  any  rate  for  the  time,  when  the  cure  h  complete.  The 
cocainist,  on  the  other  hand,  is  so  reduced  in  intelligence  that  he  neither 
desires  emanei|)Jition  nor  feels  any  thrill  of  joy  when  released  ;  his  brain 
IS  so  l^wnuised  that  he  cares  nothing  for  freedom.  Hetice  the  prognosis 
in  cocainism  is  worse,  even  when  skilfully  handled  in  a  retreat,  than  in 
morphinism ;  the  course,  if  the  mind  is  to  be  restored,  must  be  much 
longer,  five  or  six  months  at  least,  and  the  result  is  less  definiti'tv  ho{>eful. 
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to  the  morphia  habit ;  in  these  the  cocaine  cftn  iisuully  l»e  omitted  vitliMil| 
gr*iat  (litHciilly. 

TttahMni. — The  only  possible  means  of  dealing  with  »  cocainist  it  i 
jdiice  him  in  a  retreat  wliero  »nch  wii*es  are  trejito*!  wnth  avmpolhy 
skill.     Chloral  or  triotml  are  useful  airls  in  combating  the  kImuU 
anil  distress ;  and  massage  and  feeding  in  repairing  the  wasted  tt« 
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Ethek 

The  story  of  ether  drinking  is  admirably  told  by  thu  late  Mr. 
Hart  in  an  article  published  in  the  Srittjsfi  Mrdkal  Jfmmal  of  the  IStllrj 
October  1 890. 

Wo  find  from  Mr.  Hurt's  article  that  Sir  Bmijaniiti  Kifhardson 
long  been  aware  of  tlie  praotiec  ;  and  that  Mr.  W.  X.  Oraji^r 
publiBhc<l  an  account  of  it  in  the  Mniitai  J*rcM  and  Circviar  of  tie  :Wih 
of  May  lt*77.  Dr.  Walter  Bernard  of  Jjondondorr}'.  whose  peTBont) 
experience  extends  over  forty-two  years,  says  that  ether  iJrinking  h» 
been  known  to  him  during  all  this  period.  According  to  Sir  Ucnjamin 
Richardson  this  abuse  uf  other  was  introduced  into  Drnpcnitoviv  in 
South  Derry,  in  18-16-47,  whence  the  practice  seems  to  have  spnad 
over  ccrtiiin  parts  of  the  county  of  Loruhmderry,  and  itito  the  Uirdw 
Antrim  and  Tyione.  Ktlior  drinkin;;;  w;i8  jn-actiseil  aiKu  in  LinmlnsI 
and  Mr.  Hart  hud  reason  to  believe  that  it  was  by  no  means  utiknoi 
London. 

Enormous  fjnantitias  of  *'  m(?thylalcd  spirit  "  are  consigned  to  Ire! 
by  larjio  manufacturers,  and  from  this  crude  spirit  the  "methyl 
ether"  is  obtained,  and  is  sold  in  dr.uiis  at  the  shops.  It  is  to  the  ii 
duction  of  this  cheap  ether,  and  to  the  activity  of  the  revenue  officei 
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hunting  down  tbe  illicit  whisky  stills,  that  the  prevalence  of  ether 
linnking  may  hi;  tmccd.  The  story  that  the  practice  anwfe  in  an  evaiiiuri 
of  "the  pledge "  against  alcohol  in  the  time  of  Father  Mathew,  seoms 
to  be  a  "picturesque  inaccuracy."  As  a  result  of  Hurt's  ro[K>rtH  the 
GoveniniOMt  iui]K)sed  certain  rcfitrictiona  on  the  sale  of  ether,  which  have 
htid  the  effect  of  greatly  reducing  the  vice. 

The  cheapness  of  the  intoxicant  seems  to  promote  its  use.  Its  retail 
price  is  alxiut  Id.  for  two  dnwhma,  or  even  a  Ad.  for  a  drachm  and  a 
half.  The  Kector  of  Cookstown  roiwrtcd  that  ''in  small  po(fr  gi-ocery 
'  shops  ether  is  sold  without  I'eHtrictioii,  anil  it  is  hawked  al>out  in  exchange 
for  eggs  a!id  farm  produce."  One  of  the  guards  of  the  Derry  Ccntml 
Kailwity  s;iys  that  '*the  smell  uf  ether  in  the  third-class  carriages  on 
markenlays  is  flisgusting  and  alK>minahle." 

Mr.  Draper  tc;lls  us  that  the  usual  quantity  of  ether  taken  as  a  dram 
is  from  two  to  four  drachms ;  and  timt  this  dose  is  rcfteated  twice,  thrice, 
I  or  even  four  and  six  times  daily.  As  it  is  almost  insoluhle  in  water,  it  is 
tianal,  except  perhaps  with  the  moderate  drinkci-s,  to  take  a  mouthful  of 
water  first,  and  after  the  ether  another  mouthftd  of  water.  An  experi- 
e[ice<l  drinker  by  holding  his  nose  can  tjike  a  largo  ijuantity  undiluted. 
There  are  taUs  of  persons  who  would  lake  so  much  as  a  jiint  during  the 
pericKi  uf  an  ether  dclmuch.  One  draught- — less  than  a  wineglas^ful — 
will  produce  intoxication  in  any  one  unaccustuincd  to  the  drug. 

The  special  temptation  of  ether,  as  compareil  witli  other  intoxicants, 
lies  in  the  transitorine^a  of  the  immediate  effect ;  moreover,  little  or  no 
puiiitthment  I'emaitm,  such  as  nausea,  dry  mouth,  headache,  and  the  like. 
Thus,  what  the  late  Dr.  Norman  Kerr  called  "the  drama  of  intoxication" 
Cfjuld  1h3  repeated  several  times  a  day,  and  for  a  small  outlay. 

Even  respecUihle  people  take  the  ether  and  without  shame,  pretending 
that  it  is  useful  as  a  medicine  for  "  the  wind  in  the  stomach,"  and  other 
atlmenta.  It  is  largely  drunk  also  at  wake^  and  dances.  \i^  effect^)  are 
very  rapidly  prfwliiced,  and  the  stage  of  excitemetit  is  very  marked.  "Those 
under  its  influence  shout>  dance,  laugh,  and  act  like  maniacs:  if  the  dose 
has  been  heavy  they  may  fall  down  writhing  afid  foaming  at  the  mouth. 
They  generally  recover  soon,  and  feel  low  and  depressed  ;  and  oft*n  then 
will  renew  the  dose,  for  which  they  have  a,  strong  c^B^^ng."  "A  smaller 
dose  is  exhilarating,  and  produces  a  feeling  of  lightness  as  if  the  person 
coidd  Hy."  FVofuse  salivation  often  follows  the  drinking  of  ether,  then 
rather  violent  enicUitions :  the  face  becomes  Hushed,  and.  if  lai-gc 
<(Uantities  are  taken,  may  1}ecome  livid  :  puUor,  weakness,  and  burning 
imin  at  the  epigastrium  follow.  When  the  dose  is  large,  freuKV, 
maniacal  excitement,  and  idtitmitely  stupor  supervene.  Dr.  J.  W.  Watson 
(fptoted  by  Hart)  says:  "The  ether  drinkers  agree  that  it  is  a  very 
phuLsurnble  form  of  intoxication,  and  others  can  see  that  it  is  a  very 
violent  form.  But  the  most  violent  form  is  produced  when  whisky  and 
ether  arc  both  tJiken."  Kther  drinkers  are  very  quarreUome  in  their 
cups,  the  intoxication  being  decidedly  of  the  pugnacious  kind. 

Palholotfij. — Of  the  remote  effects  of  ether  little  is  known,     The  late 


Sir  Benjamin  IJichardBon  expreast'd  almoet  regret  that  no  grievoiH  I^mm 
arisL*   ill   tfaexo  Ktihjecta   to   p^int  the   moral   of   excesu  aa  in   alcokolK 
drunkards.     Chronic  gastritis  and  d3'spcpsiH  seem  to  be  the  chief  ooa» 
quenccs.     Ether  drinkeis,  however,  suffer  frt>m   debility,  great  ntmv 
prostration,   tremors  (eap<:cially  in   the   neck    and   forpjirm)»  indite*.!!"!. 
irregidar  action  of  the  heart,  subacute  gastritis,  n  peculiar  whitUh 
complexion,  and,  in  some  cases,  a  peculiar  livid  cyanotic  face.    Dr.  \».ii"- 
Ht'rnard  ((piuted  hy  Hart)  says  that  there  follow  ^\;isting  liotb  of  htitA 
muscle,   enfeebled  circulation,   imle   lemon   or   broim   skin,  ■ 
reflexes,  and  profound  defeneration  of  the  moral  character 
fad  into  a  kind  of  hysterical  state,  loae  at)  self-respect^  ;tutl  wili  Jic  4ii>j 
steal  to  proctire  their  favourite  stimulant. 

There  does  not  seem  to  be  any  evidence  to  prove  that  ether  dnokiaj 
directly  produces  insanity  ;  though  of  course  it  may  favour  ita  occnmna 
in  persons  thus  dispo.se«l. 

The  habit  leiids  to  crime  only  throu^ih  the  violence  and  pognjicatf 
so  characteristic  of  this  foi'ni  of  intoxication.  In  tUitciissin^  du 
physical  consetpiences,  we  must  remember  that  these  have  not  yel  hert 
ifioroughly  investigated  by  [uithologists  armed  with  tbu  raeuarcn  U 
modern  science. 


CuumoFOKM,  Chloral,  Sl'lphonal,  Axtifebrin 

It  is  not  necessary  to  enter  into  details  concerning  each  one  of 
am)  other  hypnotics  or  analgesics.      They  all  bring  a)>out  a  If 
of  the  framework  of  the  higher  nervous  matter,  am)   thus  woakcn 
wi)l  anc)  the  intelligence,  and  slacken  the  control  of  the  emotions.     ^vM 
nient    becomes    uncertain,   action    capficiuua,   aiid    temper    fr«*tfu). 
muscu)ar  system  also,  in  its  enfeeblenient,  weaiiiiess,  and  tremor,  il 
a  like  iwnlnin;;.     As  with  tlie  former  ag»'nts,  hero  too  there  is  a  cmi 
for  the  habilua)  drug:  wiihout  it  insoiniiia  districts  the  suflerer. 
often  wise   for  a  time  to  use  another  dntg  of  sojwrific  virtue  in 
of  the  oM  one,  in  order  to  shunt  the  morbid  process  Iwfore  m 
.-oidilenly.     But  all   bad  cases  uf  the  kind   shou)d  )»  treated  in 
retreat,  w)i<'ther  it  be  the  house  of  a  medical  mmi  of  skill  ami  «hi 
rit'fts.  or  a  KpLicia)  institution. 

ChloiMjform. — The  habit  of  chloroform  inhalation  is  t'spr*f-tAlly  lute 
(beaded ;  fatal  a^'cidents  ai-e  not  uidikely  to  occur  m  its  use  bv  the  patiroSt 
as  the  anna)s  of  too  many  households  can  testify.  Odnroform  re«iiiLy 
relieves  asthma  and  other  spiism^ic  affections :  and  if  the  medial 
attendant  cannot  prevent  the  ust^  of  this  drug  he  must  insist  that  it  slnj^ 
never  be  self-ad  ministered. 

Chloral  and  chloroform  differ  in  this  im|.)ortant  respect  from  ol 
narcotics,  that  no  ftdl  Lolcmnce  of  thfm  is  established  by  habit.  Hower^ 
persisttfut  the  habit  may  have  )»een,  even  a  moderate  do«o  may  stKldtfUy 
prove  fatal.  The  physician  cannot  too  strongly  impress  the  troacii»'nn» 
property  of  the  drugs  upon  any  patient  who  resorts  to  iboir  use. 


OPIUM  POiSONmC^  AND  OTHER  INTOXiCATlQNS 


977 


Delayed  Chloroform  P(n.wnifig. — It  haa  now  been  conclusively  ahowii 
lAt  after  certain  cases  of  prolonged  chloroform  narcosis,  delayed 
*nipt<>ms  of  poiaoning  occur  If  a  ral>bit  or  guinea-pig  he  anu'sthetised 
ith  clilorofonn  during  a  periwl  of  two  hours,  fatty  degeneration 
id  uecrasis  of  the  liver-coHs  follow,  and  in  a  considerable  proportion 
Sath  ensues,  jdthough  not  till  some  days  after  the  ana'sthesia.  Changes 
'  a  similar  natnre  have  lieen  observed  in  man.  These  cases  of  delayed 
>isoning  may  begin  any  time  from  twelve  hours  to  four  days  after 
implete  recovery  from  a  prolonged  aniesthesia.  Children  are  especially 
iBceptible,  and  any  condition  which  lowers  the  vitality  of  the  tissues 
jpears  to  act  as  a  disposing  cause. 

The  symptoms  generally  begin  with  vomiting,  the  pulse  being  very 
ipid  and  feeble  :  not  infrc<{uciitly  jaundice  is  also  present  as  an  carl}^ 
go.  The  jjatient  becomes  excited,  delirium  follows  and  passes  into 
ipidly  faljil  coma  :  in  a  few  cases  the  excitement  and  delirium  arc 
Mont.  The  breath  has  a  characteristic  sweetish  odour,  due  to  acetone, 
id  the  urine  always  contains  diacetic  acid.  Pyrexia  is  rare,  except  just 
^fore  death  ;  u1buniiauri.-i  ami  cast^  are  found  in  tlie  urine  in  a  small 
poiwrtion  of  the  cases.     Defith  generally  occure  about  the  fifth  day. 

pathology, — Post-mortem  fatty  changes  have  been  discovered  in  the 
ver,  heart,  Icidneys,  and  uuiscles ;  the  kidneys  are  often  affected  with 
mild  degree  of  inflammation.  It  is  well  known  that  chloroform  increases 
le  excretion  of  sulphates,  phosjihates,  chlorides,  and  nitrogen  in  the 
rine.  This  condition  is  not  caused  b}-  increased  oxidation,  because  the 
cccss  of  nitrogen  is  in  the  form  of  alloxuric  bases  such  as  uric  acid,  and 
s  ammonia,  whilst  the  sulphui'  occurs  in  an  unoxidised  and  complex  fonn, 
»  cj'stin  and  related  Ixxlies.  Associated  with  these  conditions  we  find 
!Ctone,  diacetic  acid,  and  ^-oxybutyric  acid  in  the  blood  and  urine ;  a 
imi'!islie<l  amount  of  glycogen  in  the  liver  and  tissues  generally;  and 
ic  apfKuirancc  <)f  fat  in  the  shrunken  colls  of  the  liver  and  other  ]»u-ts. 
he  augmcntA'd  nitrogenous  oliminfition  appears  to  IfC  due  to  an  incicasod 
:idity  of  the  bluod  ;  diacetic,  lactic,  and  oxybutyric  acids  l>eiiig.upt  to 
3[>ear  in  any  condition  of  imperfect  oxi<lation.  It  may  Iks  supposed 
lat  in  the  normal  metabolism  of  the  proteid  molecule  a  nitrogenous 
:>rtion  is  oxidised  and  excreted  in  the  urine  lis  urea,  whilst  a  non- 
itrogcnous  [tortion  is  burnt  off  as  carbonic  acid  and  water:  it  is  this 
iddation  which  is  affected  in  chlorofonn  poisoning.  As  a  conse- 
tience  there  is  a  deficiency  in  the  formation  of  carbonic  acid :  in  its 
lace  an  accumulation  of  fat  appears  in  the  cell,  and  such  incompletely 
ridised  bodies  lui  acetone  and  oxybutyric  acid  are  produced. 

The  problem  of  how  to  jjrevent  these  deaths  is  at  present  unsolved, 
[though  we  have  made  a  step  forward  by  recognising  their  cause.  It 
ould  seem,  however,  that  just  as  the  addition  of  carbnnat<;s  to  the  food 
revents  the  excessive  production  of  acid  in  the  tissues  in  chloral  poison 
igi  mth  all  its  associated  evils  (Klcino),  so  the  administration  of 
J^lis  before  chloroform  inhalation  may  prevent  these  cases  of  delayed 
plpQing. 
'  "VOL.  n.— PT.  r  3  R 
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Chloral. — Chlot-al  presents  certain  resemblances  in  Rctioii  tocliW 
form.      In   raodt^mtc   doses,    10   to   30  grains^  it  produces  ai  ctjntiil-c 
identical  with  natural  sleep  :  in  contrast  to  morphine  it   has  tio  •dna 
on  analgesic  areas,  and  the  reflexes  are  not  atTecicd.      In  UrgiY  ilo*^ 
1  to  2  (lri$.,  the  ]mtient  fnlls  into  a  deep  sleep,  from  which  it  i^  iwn>««M* 
to  arouse  him  completely ;  both  sensibility  to  jwiii  and  the  rett^xt*  ot 
now  diminishetl.      Respiration  is  very  shallow,  because   of  tJi' 
depressant  action  of  the  drug  on  the  medulla;   tlie  heart  is  cm  ' 
feeble,  and  the  blood- pleasure  corresjKitidiii^ly  low.     Still   largyr    ^  - 
produce    couipleto    anaesthesia    nnd   deep   coma.       Peikth    fri>tii    'iil  >  , 
almost  always   results    from   respinttory   faiUiro,  although    \^<.il  iiL.i  i 
ami  even  ilang^rmis  carfliac  depression  is  not  an  uncouimoo  occuii' > 
ChluriU   causes  metabolic   changes   like   those  induced   by  chlomii 
tissue  metabolism  is  increased,  although  the  products  are  lesa  comp 
axidised  than  under  normal  conditions,  and  the  ga^^eous  exchange 
diminished.     The  prolonged  use  of  chloml  luis  led  to  cachexia, 
depression,  fatty  degenerations,  and  othei*  conditions  resembling  cbtinr 
poisonin)^  by  alcohol.     It  is  mostly  excreted,  cunibincd  with  glvciironit 
acid,  aa  nrochloralic  acid  ;   this  body  renders   the  urine   very  iu-id  uJ 
gives  most  of  the  reactions  of  ghicose,  but  does  not  permit  of  fermeaU 
tion   with   yeast.      A   case  of    chlnral   poisoning   waa   rccorde<l  bv  I>r. 
Colenso,   in    which    one    ounce   of   chloral   in   crystals    wa»   sw.h*1 
yot    recovery    folluwod.       In    a    somewhat   simiUir   case,    recorti' 
llulke,  5  di-8.  were  taken,  and  recovery  followtxl  after  .ortij^cial  rMpiraUi* 
and  the  adrainistrntion  of  hot  coffee  by  the  UtWfl  and  otherwise. 

Treaimrnt  of  poisoning  by  chloral  shoidd  consist  first  in  the  evaaa- 
tion  of  tlie  stomach  by  the  tube ;  emetics  cannot  be  relied  u][ion,  ab  dn 
medulla  may  not  bo  safliciently  active  to  allow  of  vomiting.  Th«  patient 
should   be    wrapped    up    in    warm    blankets,    an<l    mcdidlary  u, 

i)Uch  as  strychnine  or  caffeine,  adminigiercil.     Artificial  rcspn  i  itl 

be  kept  up  when  necc-iiiary,  and  itdialution  of  oxygen  may  he  of  oitswtaoK 
Small  and  frequently  repeated  injections  of  adreialin  imiy  be  emplnvnl 
to  tide  over  emergencies.  For  this  piirpooe  oao  or  two  mtmms  of  liic  1 
in  1000  solution,  diluted  with  10  or  20  |»ar!s  of  &dine  solution,  may  be  pat 
directly  into  a  vein.  In  cases  of  emergency,  the  administration  of  alkaibe 
carbonates,  hypodermically,  should  form  a  routine  practice. 
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Sulphonal  ia  a  pure  hypnotic  and  posaesses  no  analgesic  propeities. 
ccessivc  doses  may  give  x\^e.  to  poisonous  symptoms  from  cumulative 
ion,  the  excretion  of  the  drug  being  slower  than  itii  absor[)tion.  The 
yxnptoins  show  thoniHelvcs  by  some  confuaion  of  ihonghl  and  haliuoina- 
Bionflf  by  gastritis  and  by  hffiraatopoqjhyrinuria  ;  this  may  he  a««oci- 
ktec]  with  a  peculiar  form  of  dyajjnofa.  The  cherry -red  coloration 
of  the  tuine  is  due  to  an  iron-free  product  fomied  by  the  decomposition 
bf  hrt'moglobin.  These  phenomena  can  l>c  avoided,  acconliiig  to 
Kjast,  by  intermitting  the  admini^tratioiu  Tyson  an<l  Croftan  found 
that  tlic  *|iiantity  of  ha^matoporphyrin  piissed  in  one  day  may  reach  even 
a  quarter  of  the  total  haemoglobin  in  the  body,  and  although  this  amount 
Es  exceptional,  etill  very  considemble  amounts  are  so  lost  Sulphonal  is 
bxcrct^  very  slowly  as  ethyl-auljihonic  acid. 

A  considerable  number  of  cases  of  poisoning  by  sulphonal  are  on 
record.  Dr.  >V right  Hanhvicke  records  the  case  of  a  dijwonmniac 
iWoman,  aged  thirty-seven,  who,  after  conauming  a  variety  of  sti*ong 
Alcoholic  dnnks,  including  turpentine,  chewed  up  some  siilphonal  tablet* 
flo  the  amount  of  265  gndns.  She  was  found  shortly  afterwards  iu  a 
[elate  of  stupor.  Five  hours  later  she  was  seen  by  Dr.  Hardwicke,  who 
Cfound  her  sleeping  on  her  siJc  with  her  knees  drawn  up,  and  the  pupils 
Wightly  contracted  and  insensible  to  light.  AVhen  roused  she  snuled 
^jniciously,  and  lai)spd  oft"  to  sleep  again  ;  she  tried  once  to  raise  herself 
in  bed,  when  she  fell  powerlessly  back  again.  Next  day  the  legs  were 
lonnd  to  be  extended,  and  the  solos  of  the  feet  were  aivhed  in  a  state  of 
rxtromo  flexion.  The  Ixjwels  were  confined.  Slie  slept  from  5  r.M.  on 
June  1  till  5  A.M.  on  the  4th — sixty  hours:  she  did  not  regain  speech  till 
the  7th,  nor  the  power  of  loconiotion  till  the  9th. 

'       The  other  sulphonea^  trional  and  tctronal,  may  induce  similar  S}nuptoms 
to  th&sc  of  sulphonal 
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Antifebrln  (AcetAnilide). — The  so-called  antipyretic  members  of  the 
coal-tar  gronj* — antipyrin,  phenacetin,  laclftphenin,  exalgin,  antifebrin,  and 
a  host  of  others — all  possess  certain  actions  in  common,  but  diflVr  consider- 
ably in  their  toxicity.     They  are  all,  with   the  exception  of  antipyrin, 

Oxidised  in   the  body  to  para-amido-phenol  (^V.W4\\i-r  )»  ^'^^  '"  P^o- 

(>ortion  as  this  bofly  is  present  in  the  tissues  toxic  symptoms  are  produced : 
HUtifcbrin  is  the  most  readily  oxidised  and  is  much  the  most  toxic.  It  is 
true  that  in  some  persons  mcdiciiud  doses  of  any  of  these  dntgs  may 
produce  poisonous  symptoms,  but  larger  doses  give,  rise  to  similar 
symptoms  in  all  people. 

Poisoning  by  these  drugs  often  begins  with  catarrh^  burning  in  the 


mouth,  nHUsea,  and  vomittiig.      Tho  eiitaiiooiia   vessela  are   iJiUled,  ^ 
skin  is  covcre*!  \vith  a  profuse  perspiration,  and  not  infroquoiitlr  ruba 
restiuil>ling  those  of  scarlatina,  mivisles,  or  urticaria  may  lie  wen.    TV 
faco  u.sually  heooniOH  livid   from    the  formation   uf  nictha*iiiot;lohiii,  ui 
in    the  more   severe   cases    blood   can    be   detected    in    the   uriooL     Btt 
metliiemoglobin  formation  is  not  the  only  cause  of  the  cyanosis,  heaatt 
cyanosis  may  occur  when  no  nu^tbicmoglohin  is  present.     This  cotufitieB 
h  accompanied  by  dyspno-a  and  acceleration  of  the  pulsd,  and  mty  btf 
from  a  few  hours  to  several  days.     By  far  the  most  eerious  smpunii 
are  attacks  of  fainting,  which  on  rare  occasions  have   l>eon  follownl  ^ 
collapse  and  death.      The  fatal  cases  of  collapse  which   are  on  nvdnj 
have,  with  few  exceptions,  l>een   febrile  aisoa,  and   the   fatal   t*T<t 
cannot  be  regarded  as  entirely  the  result  of  the  depreaaAni  actii-: 
drug  on  the  medulla.     It  is  well  known  that  if  the   lx>dy-UMni»  i «: 
be  suddenly  lowered  shivering  and   rigors  su|>erveDo,  from  an    .■    ^ 
of  the  part  of  the  centre  to  increase  the  production  of  heat,     Jk\- 
if  the  stimulus  of  fever  be  suddenly  rerooveil  there  is  a  greater  t> 
for  the  partly  exhausted  nervous  and  circulatorj-  systems  to  fail 
aid  in  the  collapse.     < 'ollapse  is  chnnicteriHed  by  very  shallow  rmpiiabo^ 
an  almost  imperceptible  and  very  rapid  pulse,  and  a  subnormal  UffiDerit 
turc.     l*anv-ami<lo-phenol  is  excreted  in  the  urine  combined  with  *- 
or  glycuronic  aciil,  and  gives  the  urine  a  smoky  tint,  although  a  I 
may  arise  from  metfasemogtobiiu     The  condition  of  the  circuUtor.v 
is  the  chief  source  of  anxiety  in  ibeae  cjises  of  collapse.     TIic  fpl.m   ; 
vesdoU   l^icome    enormously   dilatfHl,  and    the   preut   bulk    of    \t\<j<>\   ii 
stagnant  in  the  circulation. 

Tmituurut  should  consist  in  the  applicAtion  of  warmth  to  the  '    ; 
of  the  body  and  the  int«rnat  administration  of  circulatory  and  < 
stimulants.     As  a  circulatory  stimulant  [wrhaps  tincture  of  siiuill  r^  ^ic 
best,  for  it  raises  the  blood-pressure  and  constricts  the  vessels  morr  thiu 
the  other  members  of  the  digiUilis  group.     To  enuuro  absorption  it  aboolJ 
bo  injected  deeply  into  the  subcutaneous  tissues. 


Tobacco 

The  effects  of  tobacco,  for  l>etter  or  for  worse,  are  so  well  koovntkit 
it  is  not  mHiessary  to  delay  the  reader  by  a  long  description  of  them. 

Acuic  jmt^mui'j  hff  tfifmci'o  wui  only  occur  by  so  strange  a  mi«chJUKA 
tliat  this  part  of  the  subject  certainly  need  not  W  dealt  with  at  longth.  U 
tobacco  were  swallowed  in  poisonous  doses,  the  stomach-tnlic  m«i<t  d 
coiiTBe  be  used,  and  tannin  may  l>c  administered  to  neutralise  t^ 
nicotine.  The  resulting  symptoms  must  be  treated  by  nimulanta.  such 
as  subcutiineous  injections  of  ether  and  the  like.  The  enema  or  to*«(Xii. 
once  employed  in  medicine,  was  apt  to  be  followed  by  <i;t  n- 

8e<iuences,    and    has   properly    fallen    into   disuse.      "  Kvcr*  -ij 

knows"  the  deadly  luUlor,  the  cold  sweat,  the  horrible  tuiusoa,  uid,  ^ 


lie  go  farther,  the  dmrrhcea  and  coHftpse  which  follow  the  first  doses  of 
the  drug. 

Chrtmir  lof>acw  fmstminri,  now  that  snTiff-taking  hofl  practically  ceased, 
is  met  with  in  smokers  only.  That  tobacco  tiseil  moderately  is  generally 
injurious  seems  iniprobible^  at  any  rate  the  mischief  of  it  is  not  proved. 
The  coiistmiption  of  the  dnig.  even  in  considerable  (piantities,  as  he  who 
runs  may  ace,  is  in  many  j>erson.s  conj|)atible  with  excellent  health  and 
with  the  proi>ttgation  of  sound  progeny.  Observers  who  assert  the 
contrary  point  to  town-bred  youths,  in  whom  other  mischievous  fin'tors 
are  at  work.  Thus  used,  tobacco  is  not  injurious  to  most  persons,  and 
has  its  indirect  benefits  in  soothing  fatigue  and  restlessness.  It  is, 
however,  as  true  of  toNicoo  jis  of  other  agents  affecting  the  nervous 
system,  that  the  personal  C4:[iiation  is  to  1>c  regarded.  The  quantity 
consumed  with  impunity  by  one  man  is  poisonous  to  another ;  each 
smoker  mu.st  estimate  his  own  resistance  and  regulate  his  doses  accord- 
ingly. Vertiginous  &en.sittions,  tremor,  trejichery  of  memory  or  of  utter- 
ance»  cardiac  tlutterings,  insomnia,  should  be  at  once  regarded  as  warnings. 
If  a  smoker  who  is  not  quite  a  novice  become  auai-e  of  such  symptoms 
he  may  ):>e  as-surod  that  he  is  not  endowed  with  much  tolerance,  and 
must  smoke  with  caution.  Probably  all  pei-sous  by  i>er8i8tent  efibrt 
•can  establish  some  measure  of  tolerance ;  but  the  susceptible  person 
remains  relatively  obnoxious  to  the  drug,  and  is  more  likely  to  suffer 
from  evil  consequences  than  others  more  hardily  constituted  in  this 
respect. 

Tobacco  smoke  contains  several  poisonous  bodies,  pyridine  bases, 
liydrocyanic  acid,  collidine,  and  some  higher  homologues  of  nicotine. 
A  recent  amdysis  of  cigarette  smoke  obtiiined  by  means  of  au  aspirator 
gave  the  follonnng  results  for  100  grammes  of  original  tobacco  consumed  : 
HON  0080  per  cent,  pyridine  01 16  per  cent,  nicotine  1M65  per  cent, 
NHg  0'360  per  cent,  CO  410  cc.  The  smoke  nsujdiy  contained  alwjut 
50  per  cent  of  the  nicotine  originally  in  the  toU'icco  ;  but  the  quantity 
varied  according  to  the  length  of  the  mouth-piece.  All  the  ill-eil'ects  of 
excessive  smoking  cin  be  explained  by  the  i>resence  of  nicotine  and  pyri- 
dine bases. 

To  imderstand  pro{)er]3'  the  ill  -  effects  of  tobacco  in  those  in 
whom  the  use  has  become  habitual,  it  is  necessary  in  the  first 
place  to  describe  the  way  in  which  nicotine  acts.  This  Alkaloid 
first  excites  aud  later  depresses  the  sympathetic  nerve-cells  through- 
out the  body.  The  circulatory  system  sliews  these  effects  during  the 
stage  of  stimulation  by  cardiac  slowing  (excitation  of  the  intracartliiic 
vagal  cells),  vjiso-constriction,  and  a  considenible  rise  of  blood-pressure. 
But  in  the  later  and  more  pronounced  stage  of  depression,  the  heait-l)eat 
is  (quickened  by  the  paral3rtic  action  on  the  iiitracanliac  ganglia  and  the 
blo*^Kl  pressure  falls,  from  vaso-flilatation.  In  man  cigar-smoking  produces 
a  distinct  though  not  very  considerable  rise  in  arterial  pressure.  ANTien 
the  smoking  ceases  the  pressure  rapidly  falls  somewhat  below  the  normal. 
Boveri,  by  the  intravenous  injection  of  a  1 0  per  cent  infusion  of  tobacco 


into  rabbits,  aucoeeded  in  producing  atheroma  of  thu  vaisels.  Tticn  n 
(litticiiUy,  (IS  we  oin-aolvos  have  shown,  in  prtxlucing  well-inrirkMl 
ill  rabbits  by  the  intravenous  injection  of  any  drug  which 
augments  the  [>Iood-pre88iire.  Thus  adrenalin,  ergot,  nicotine,  and  «|iifll 
may  nil  induce  this  condition.  In  nil  tho  conditions  mcntionoii  the  n» 
in  blood  pressure  wus  transient,  never  lasting  for  more  than  n  few  rainnttk 
and  the  iirtorial  degeneration  ap[)eared  to  dejHind  upon  sudden  and  vioistt 
vaso-constHctioa.  These  conditions  do  not  olitain  when  lobucoo  h 
smoketj,  and  there  is  no  experimental  and  not  much  clhiical  evid«no«  Uat 
smoking  diaposeB  to  atheroma. 

The  movements  of  plain  miiscle  throughout  the  body  are  fint  a 
hibited  nnd  later  uu;finente<],  l>ecauflo  of  the  early  etimtilntion  nn'  'r 
depre^ftsion  of  tho  nen'e-cells.  Peristalsis  is  slightly  incrcji^cd  by  re 
inhibitory  inflmrnces,  and  hence  the  aft*^r-broakfast  pipe.  On  thr  cciiU^b 
nervous  system  the  main  ai-tion  of  nicotine  is  to  facilitate  the  pHSaa(»nj 
impulses,  so  that  roHexes  arc  increased  and  sometimes  strychnine-tikt 
convulsions  have  been  observed.  Degeneration  of  the  cells  of  tliciuMnor 
comua  have  been  descrilxxl  by  Vas  in  rabbits  dfwieil  M'ith  nicotine. 

Among  the  slighter  conse^iuences  of  tobacco  are  decay  of  the  tortV 
giddiness,  slueplessness,  mnscnlar  tremors,  generally  of  a  fine  rhrUimict} 
kind,  and  chronic  gmnuUr  pharyni^itis.  Tho  inflammation  of  tttr 
throitt  and  trachea  leads  to  hoarseness  and  excessive  secretion  from  the 
mucous  glands,  and  is  no  doubt  due  to  the  pyridine  1]«m»» 
the  pHMliicts  of  dry  distillation  of  altnost  tmy  leaves  wilt  pmduce 
same  clfect.  It  is  probable,  however,  that  the  importance  of  lol 
smoke  in  prtxbicing  diacasea  of  the  throat  has  l»een  grossly  exn 
In  respect  of  severer  consequences  there  is  still  some  differencf  of 
most  people  are  agieod  that  with  one  exception,  namely,  atrophy 
optic  nerve,  the  degenerative  diseases  of  the  central  nervous  a 
such  as  tabes  and  the  like — formerly  attributed  to  tobacco  wers  biu 
coincidences.  Tobacco  amawosis  seems  to  stand  alono  among  mi^icliH^ 
so  gravo.  For  a  further  description  of  this  atfectiun  the  reader  ftboald 
consult  the  article  on  medical  ophthalmology  (vol.  vi.  p.  S4fl). 

On  the  nuicoufl  membrane  of  the  mouth  and  tongue  wo  have  very  cerljun 
evidence  that  nicotine  may  produce  either  a  superficial  or  chronic  glotiiti^ 
but  whether  epithelioma  of  the  lip  l>e  a  dire<*t  consc^picnce  of  tobacco 
amokiug  is  an  open  question  ;  so  many  persons  snmke  regularly  that  itb 
ditficidt  to  apply  tho  method  of  concomiutnt  variations  in  this  coml  It 
is  probable  that  in  a  [>erson  so  dis|i08ed,  tho  carvlusa  use  of  a  fthort  or  hot 
pipe  may  favour  tho  manifestation  of  this  evil.  In  a  person  not  to  di» 
posed  it  seems  iniprobiible  that  the  evil  wouhl  thus  bo  induced. 

Of  lesser  ills  vertigo  ia  not  a  very  uncommon  sign  of  excess  or  of 
intolerance  of  tobacco.  It  may  be  so  severe  a*  to  disable  the  sttlTerer,  or 
even  to  throw  bim  into  bed.  This  symptom  wa  have  noticed  nther  in 
those  who  #moke  cig!irette«,  perhaps  b«cau?c  in  this  practice  the  smoke  is 
generally  inhaled.  It  mitst  not  Ije  foi^^otten  also  that  cigarette  smoker* 
get  through  a  great  deal  of  tobacco ;  twenty  cigarettes  a  <iay  is  a  comnMa 
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Allowance,  and  fifty  by  no  menns  an  unknown  one.     But  the  symptoms 
naay  ai)|>cBr  on  the  use  of  a  pipe  or  cignr. 

KjcUberg  has  dt^crihed  w.  peculiar  jisychological  8t4ite,  in  whtch 
hallucinutioiw  of  sight  and  hearing  obtain,  and  in  which  the  jwtient 
passes  through  iMtychical  waveR  of  exaltation  and  depression  ;  this  con- 
dition he  states  is  more  likely  to  he  induced  ))y  chewing  than  «nioking. 
Ait«r  vertigo  symptoms  referable  to  the  stomach  and  heart  are  most 
freipicntly  found.  A  grinding  pain  of  a  peculiarly  disijuieting  hind  may 
come  on  ftfteon  to  thirty  minutes  after  food  :  this  pain  wo  1>elieve  to  be 
due  to  hyperacidity,  because  it  is  relieved  by  alkalis,  and  also  by  taking 
food  again,  as  in  the  dyspepsia  of  iiyperchlorhydiia.  Flatulence  of  the 
stomach  is  often  met  with  in  mnokcrs,  but  ustwUy  in  connexion  wiih 
irregnlai'ity  of  the  heart :  this  flatulence  is  often  met  with  in  other  aflec 
tions  of  the  heart,  and  it  is  hard  to  apportion  the  causative  relation  between 
the  two  events.  Cardiac  irregidarity  is  a  frequent  consequence  of  tobacco 
smokini;,  lagging  and  intermission  being  the  earlier  forms  of  it.  One  case 
is  known  to  iis  of  a  man  whrxje  general  health  is  excellent,  who  is  by  no 
means  a  neurotic  subject,  and  whose  heart  stands  work  well  in  all  other 
respect*,  in  whom  intermittence  of  the  heart  may  occur  for  many  days  if 
he  remain  for  an  hour  or  two  in  a  room  with  many  smokers.  He  riare 
not  sit  in  a  close  smoking  tY>om  or  in  the  smoking  compartment  of  u 
railway  carriage.  The  intermittence  may  not  begin  until  the  next  day, 
or  the  next  but  one,  but  then  conies  on  with  the  certainty  of  a  lulwra- 
tory  exptM'iment ;  it  get*  woi-se  during  the  next  day  or  two,  and  then 
gnidually  passes  off  in  a  few  more  days.  He  never  suffers  from  any 
cardiac  disorder  unlcRs  exjweed  to  tobacco,  hwt  this  proclivity  h;v8  hung 
about  him  for  man}*  years.  He  has  no  dislike  to  the  drug,  nor  doc-* 
he  feel  any  immediate  discomfort  from  it.  In  smokers,  even  in  those 
who  smoke  not  immiMlcrately,  this  pi-oclinty  is  common  enough. 
Prof.  Alllmtt  has  described  tbe  s\^nptom3  in  two  brothers  of  about  thirty 
years  uf  age  who  came  to  hini  for  life  assiu^nce.  They  were  both  fine 
vi^roufl  men  of  goo<l  family  stock,  and  the}'  were  naturally  nnich  nettled 
by  his  declining  them.  After  leaWng  off  tobacco  for  foiu"  or  five  weeks 
the  intermittence  disappeared.  Cardiac  irregularity  under  the  influence 
of  toHicco  is  not  confined  to  intermittence ;  it  mav  go  on  to  ntter  dis- 
order Ixith  in  rate  and  rhythm  (delirium  cor-dis).  The  usiuil  form  is  for 
two  or  tlin;ti  strong  or  throbbing  ptdses  to  be  followed  by  a  run  of  small 
quick  one« ;  the  blood-pressure  being  low  in  all.  Occasionally  in  inter- 
mittency  the  stops  may  have  a  regular  distribution,  as,  for  instance., at 
every  third  or  fifth  interval.  "Tobacco  hearts"  are  common  enouj;h  in 
young  men  who  smoke  freely  before  becoming  thoroughly  seasoned.  The 
main  feature  in  these  yotiths  ia  palpitjition,  the  pulse  being  usually 
qnickencfl  from  interference  with  vagal  ganglia.  The  heart  has  a  lal>oiired 
and  hesitiiting  gait,  different  from  the  ordinary  "young  man's  heart  "  and 
frcon  the  effects  of  organic  disease.  The  hesitation  is  usually  accompanied 
by  a  sense  of  discomfort  referred  by  the  patient  to  the  cardiac  region,  prob- 
ably to  the  heart.     Tn  toWcco  intermittence  the  patient  is  nlwa\'s  conscious 


of  the  stop  and  roll  fonvanl,  a  sensation  which  in  diticase  of  the  nuuedv 

tifisu«  of  the  organ  ifi  not  always  iiui  general 


kll  V  alisent.     The  dueoDkCoA  i 


the   cai'di.ic  region  is  the  first  symptom  to  ho  noticed.     la  atiU  mor* 
adviinc«d  canes  the  qnickening  and  anhythnn'a  may  be  extreme 
eoRiUtion    resemble    that    of   delirium    cordis ;    in    these   cmm  *^*»ru 
syricopo  may  occur. 

luBoninia  in  said  to  he  a  coiiKe'pionce  of  smoking  tobiicco  in  certua 
circnmsUincGs.  Kvcry  smoker  knows  that  a  stronger  ci;^rtr  than  ami 
m:ty  k<5ep  biin  awake ;  antl  it  is  alleged  that  the  ordinary  ose  of  the  dng 
may  act  thus  as  an  excitant  in  one  whose  Irrain  is  uniisiudly  subcrptibilc, 
or  is  in  a  state  of  irritability  from  overwork  or  unxiety.  Uftnidly  ik 
ert'ucts  of  toluLcco  are  soothin*;  and  favour  sleep  ;  yet,  like  other  »am»ua, 
tohitcco  hius  its  ctTootA  of  stimulation. 

The  hist  ^TOUp  of  symi)toms  of  chronic  poisoning  by  tobacco  whiek  »» 
shall  discuAH  is  the  ^I'lmp  of  ncuiul^naa.     The^f  arv  of  eome  importue^ 
rt3  until  the  canac  is  removed  the  pain  may  he  recurrent  and  scverr, 
somotinies  the  cause  is  not  hit  ujion.     In  one  smoker  we  rememl»er 
neuralgia  Mas  seated  in  the  anterior  crural  nei-ve  and  was  acutely  landi 
ing.     Happily  the  suspicion  of  tolwicco  was  awakonc<l ;  in  abstinence 
founi  perfect  relief,  and,  as  a  return  to  tobacco  wm  rc|jeatedly  fotUK*  to 
ivjcall  thi!  pain,  he  determined  to  r-cmain  abstinent  and   welL     h 
caaes,  and  much  more  commonly,  the  pain  is  about   the  intercostr., 
the  humeral  and  scapular  regions.      Dr.  Judi^n  Bury  reconhi  periphenl 
neuritis  jib  a  lure  conseipienee  of  the  uhc  of  toljacco. 

A  Wolent  and  alarnun^  form  of  this  pain  is  the  BO-c&Ued  lo)jaoco 
anc^na,  deacril>ed  by  fVter  and  many  others.     There  is  not  much  difficulty 
in  dij4tin;^uishiiig   tobacco  an^na   fitmi   the  fonn   which   depends  npf* 
cardio- vascular  diseiv^e  ;    but  the  diagnosis  is  not   to  be   rande  Irt-  \he 
mildness  of  the  pain.     The  most  frightful  attack  of  tolwcco  angina  ^if  w 
it  is  to  1)0  called)  that  we  ever  saw  was  in  a  gentleman  then  no  luSj^ 
young  (about  55  or  GO),  who  informed  us  that  ho  uften  smoked  a»  manj 
its  twenty  cigars  a  day.      While  in  the  consulting  room  hi*  fell  intoati! 
of  the  "angina,"  which  was  so  severe  as  to  make  hitn  writlie  off  hia  vAi 
and  over  the  edge  of  a  couch  to  the  floor.      He  prL-^ed   his  hand  t^>  hii 
hoiirt,  groaning  pit«ously,  if  that  undd  Iw  piteous  which  witneasud  in  fas 
favour.     No  man  in  jin  attack  of  true  imgina  writhes  or  groans  alood; 
nor  does  a  true  attack  last  long  enough  for  manoeuvres  of  this  kind.    Tbt 
note  of  angina  i)ectoris  is  ternfr-stricken  stillness;  the  jKitient  dare  not 
even   brejithe.  lest  he  die  in   the  act.     Moreover,   except    in   lb*  i»w 
"chronic  "  form  of  angina  |KH"tx^irift,  the  atLick  does  not  last  so  lonp  as  in 
the  tobacco  form  ;  and    in   chirtnic   angina    there   is  mther  a  iJcrsislent 
aeriea  of  attacks  than  one  attack    of  long  duration.     Vet  the   tobacco 
seizure  likewise  may  sometimes  1h^  startling  in  ita  suddcnm«a,  and  iu  iti 
likeness  to  angina  pectoris.     Toljacco  angina  must,  however,  be  rc(^nJ«l 
as  extremely  rare,  since  Professor  Osier's  experience  in  1897  vm  limited 
in  tw(»  aisvA  which  he  regardtsl  il«  l>e1onging  to  the  toxic  or  vasomotont 
group  of  anginas.     Post-mortem  examinations  in  these  cmb/Ob  are  nttat 
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sarily  very  rare  and  very  ambiguous,  hut  liesides  urU'riosclerosiB  Fararger 
hiLs  (K'!*crilMi<l  fatty  heart  in  a  patient  who  had  killed  himself  hy  (-xcoRfiive 
smoking. 

Tobacco,  in  common  with  most  kinds  of  chronic  poisoning,  tends 
to  ariiemia  \  this  character  should  put  a  sniokor  on  his  gtiard.  It  is 
tiselcsa  to  go  into  the  treatment  of  chronic  poisoning  by  tcbacco ;  there  ia 
but  one  means  of  cure,  namely,  to  stop  the  practice  of  using  it  in  any 
form.  In  our  opinion  he  who  habitually  (loisons  the  stnictuves  of  his 
heart  is  on  the  way  to  dilate  it,  or  to  produce  other  statical  deterioration 
of  the  organ.  The  way  may  he  a  long  one,  but  we  have  seen  many  pil- 
grims far  adv&nccd  upon  it.  Kvcn  if  the  patient  submit  frankly  to  give 
up  tobacco  his  heart  may  long  remain  irregular ;  we  have  reason  to 
suspect  that  in  some  cases  occurring  late  in  life  perfect  rhythm  is  never 
rocovorcd. 
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Tka  .4j«n  Coffee 

It  is  a  remarkable  and  at  present  unexplained  fact  that  almost 
all  nations,  uncivilised  as  welt  ns  civilised,  should  have  chosen  as 
national  beverages  infusions  or  extracts  of  plants  containing  one  or 
more  alkaloids  related  to  xanthine.  It  is  the  more  remarkable  aa  these 
bodies  possess  neither  chamcteriatic  tast*  nor  wlour  lo  guide  to  the 
selection  of  the  plants  in  which  they  exist  Coffee  from  Arabia  and  tea 
from  China  both  contJiin  caffeine :  cocoa  which  comes  from  central  and 
South  America  contains  theobromine  or  dimethyl-xanthine, — caH'eine  being 
trimethylxanthiue.  From  central  Africa  we  get  the  kola  nut  containing 
caffeine  and  a  little  theobromine  :  from  Brazil,  Guanina  paste,  which  also 
eoittains  caffeine  arid  tbeobi-omine ;  JUid  fron\  the  Argentine  Republic, 
Paraguay  tea,  which  contains  a  little  caffeine. 

It  were  an  idle  thing  to  write  at  large  upon  these  articles  of  common 
consumption  ;  every  housewifi*  may  claim  to  know  as  much  of  their 
virtues  as  the  physician.  A  few  points  seem,  however,  to  Ix'  worth 
discussion. 

Tea  and  coffee  are  nervine  stimulants  without  narcotism.  It  would 
seem  that  in  their  case  the  work  of  the  nen'ous  matter  is  increased 
directly,  not  let  loose  by  narcotisui  of  conti-oUing  centres,  as  seems  to  be 
the  case  with  some  of  the  drugs  previously  described.  Caffeine  exerts  its 
action  mainly  upon  the  higher  centres  in  the  brain,  on  thost;  jKirts  con- 
nvcttid  with  psychical  functions.       It  seems  to  act  by  facilitating  the 
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perception   of   sensory   stimuli    and    thu    association  of  idf^fts. 
activity  is  incrensed,  the  interpretation  of  sensory  impressions  \s  more 
perfect  and  preciHe,  and  thought  is  rendered  clearor  ami  ijiucker  thnn  >; 
the  normal  stato.     I'atfoino  ntso  facilitates  the  performance  of  pK  - 
work.      Experiments  have  been  conducted  on  soldiers  who  were  r*- 
to  march  a  fixod  distJince  with  all  their  kit;  umt  it  was  found  thai 
ootUtl  perform   more  work  with   less  fatigue    when   marching  on      'i 
beverage  containing  catTeine  than  on  bet* f  tea  or  alcohol.     Ttiis  stiu.uih 
tion  may,  as  is  umial  in  such  caaei},  he  followwl  by  exbanstiou  ;  n K-niii,; 
to  the  degree  of  the  previous  «itimuUtion.     NVben  tAkeri  in  ruo<lvuiiuL. 
however,  this  reaction  seems  either  not  to  be  felt,  or  to  be  so  slight  m 
not  to  be  noticoi) ;  in  ordinary  use  the  stimnlant  seems  to  }ie  cXmr  ffm, 
In  not  a  few  persons,  however,  evil  consequences  are  m^inifest  eoos^ 
Another  interesting  fx>int  of  distinction  is  that  tea  ami  cofT-M,  unlike 
tobticco,  g(?t  no  strong  hold  upon  the  tiscrs  of  them.     A  very  few  pwsow 
may   find  a  difficulty  in  breaking  their  favourite  habit,  Init  even  thc«c 
would  1>B  ashamed  to  admit  that  they  could  not  do  so  if  necrestLTy. 

As  also  in  the  case  of  tobacco,  the  tolerance  of  individuals  ditksi 
very  widely.  Some  persons  will  and  do  drink  strong  tea  or  o*>ffee  ftir 
breakfa8t,  luncheon,  at  five  o'clock,  and  again  iiftcr  dinner;  ami,  m  Uc 
as  one  can  tell,  with  impunity.  Others  cmnot  touch  tea  even  odc«*  * 
day  without  disagreeable  consequences,  such  as  malniflo,  restlcmif 
excitement  of  mind,  followed  by  confusion  and  depression ;  sod 
forth.  Coffee  makes  itself  felt  as  an  evil  more  readily  tlian  ten,  peHi 
I>ecau8e  it  is  taken  in  a  :4tronger  infusion  or  decoction,  or  is  absorl 
more  readily. 

The  active  principle,  common  to  tea  and  coffee,  is  probably  the  main 
cause  of  the  insomnia  which  is  duo  to  the  use  of  thcAe  articles,  ttai 
caffeine  cannot  l>e  the  only  cause,  or  even  the  chief  cause,  of  the  oil 
ill  effects  which  follow  tlie  abuse  of  these  beverages,  Iwcauso  th«ie 
not  all  follow  the  use  of  catfeine  in  its  pure  state  ;  nor  are  thr  sympl 
groups  in  tea  and  coffee  poisoning  identical,  as  they  ought  to  i*e 
the  [Misonous  principles  in  the  two  be  iflentical.  Coffcf  crmtains 
than  1  per  cent  cntfoine,  which  is  all  extmcied  when  umkitig 
t>everage,  so  that  an  average  cup  of  coffee  contains  from  I  to  .3  grains  i 
foine.  Volatile  sulwtances  are  also  present  which  have  the  effects  of 
sential  oils :  it  is  probably  by  the  presence  of  such  bodies  that  the  tft*r. 
linner  coffee  promotes  the  feeling  of  comfort  and  well-being.  Cc 
also  probably  on  account  of  iu  volatile  oil,  augments  peristalsis ;  caA 
has  no  such  effect. 

We   have   seen   several   well-marked  cases  of  coffee  excess,  aad 
symptoms  are  not  without  chanicter.     The  sufferer  is  trcmulotxs, 
loAes  his  self  command  ;  he  is  subject  to  fits  of  agitation  and  drpi 
he  loses  colour  and  lias  a  haggard  appearance.     The  ap^H'ttte  Calls 
and  symptoms  of  gastric  catarrh  may  be  manifested.     The  h< 
suffers  ;    it  palpitates,   or  it  intermits.      As  with  other   such 
renewed  dose  of  the  poison  gives  temporary  relief,  but  at  the  ctSA  ^ 


hnure  niiHery.  Such  persons,  when  assnrori  that  the  cause  of  iheir 
trouMtis  iH  coffee^  will  abandon  the  rise  of  it  without  much  unwillingness^ 
in  which  case  thoy  arc  restored  to  health  in  a  short  time.  In  Watson's 
language,  by  renouncing  cofi'ee  they  may  get  rid  of  their  palpitation  and 
of  their  appreheuHions  together.     Neitlier  tea  nor  aAX^G  causeft  palsy. 

The  eflect  of  cafl'eino  on  the  circulatory  system  is  often  misunder- 
stood. On  the  heart  its  most  characteristic  action  is  acceleration,  the 
force  of  contraction  being  only  slightly  afl'ected.  In  larger  doses  the  rate 
of  the  beat  is  still  further  quickened  by  exaggerating  the  irritability  of 
that  portion  of  the  heart-muscle  (excite- motor  area)  which  gives  the 
rhythm  to  the  heurt:  as  the  acceleration  increases  the  muscle  no  longer 
has  lime  to  relax  properly  diuing  diastole,  and  ultimately  the  heart 
entem  into  delirium  cordis.  But  caffeine  also  stimulateji  the  me^lullH, 
and  for  a  time  during  the  early  stages  of  cafleino  |»oisoning  the  vagal 
centre  holds  the  heart-beat  in  check  ;  and  so  we  find  cardiac  irritability 
and  irregularity,  intermiltence  and  jmlpitatioii.  In  the  e;irly  stages  of 
poisoning  the  stimidation  of  the  medulla  cjtuscs  vaao-coiutriction  nnd  a 
rise  in  the  general  systemic  blood  pressure.  But  caffeine  has  also  a  very 
profound  action  on  the  vessels  directly,  which  it  tends  to  dilate,  and  the 
battle  for  the  blood-vcasels  which  is  continually  going  on  residts  tir&t  iu 
a  victory  for  the  centre  with  voso-constriction  and  a  rise  in  pressure  ; 
bnt  later,  particularly  when  the  central  action  is  wearing  off,  the  peri- 
pheral effect  becomes  the  moi'c  proiiounced,  and  decided  vaso- dilatation 
ensues  with  eome  fall  in  the  pressure. 

Tea  contains  from  2  to  4  |)cr  cent  caffeine  :  but,  as  compared  with 
coffee,  much  less  is  taken  up  in  preparing  the  beverage,  the  alkaloid  being 
not  so  readily  extracted.  Uence  an  ordinary  cup  of  tea  contains  much 
the  same  amoiuit  of  caffeine  as  an  ordinary  cup  of  coffee.  Tea  contains 
about  7  per  cent  tannin,  and  although  a  good  cup  shouhl  contain  little 
of  the  astringent,  yet  it  is  piubablu  that  sutficii-nt  may  be  present  to 
delay  the  abwtrption  of  the  caffeine.  Tea  likewisu  afft'ots  the  heart,  but 
not  so  promptly  and  ilircctly  as  coffee  ;  tea  seems  rather  to  affect  the 
stomach.  Many  obscure  cases  of  gastralgia  are  due  to  tea,  as  also 
dyspe\isi&  of  the  so-called  atonic  kind.  Bt>HideB  the  sleeiilessnesB  caused 
by  either  drug,  tea  has  ap[>eare<I  to  us  to  be  especially  efficient  in  pro- 
ducing nightmare  with  gnmnings,  startings,  and  even  hiillucinations  which 
may  lie  alamiing  in  their  intensity.  Another  peculiar  ijualily  of  tea 
is  to  [iroduce  a  strange  anil  extreme  degree  of  physicsd  depression.  An 
hour  or  two  after  breakfast,  at  which  tea  has  been  taken,  at  a  time  when 
the  cnergie."*  of  the  S3*steni  should  be  at  their  l>est.  a  grievous  sinking, 
referreif  chiefly  to  the  epigastrium,  may  seize  upon  the  sufferer,  so  that 
even  to  speak  is  an  effort;  the  blood  seems  to  leave  the  Hps,  and  the 
speech  may  become  weak  and  vague.  Or  gastralgia  and  palpitation,  if  the 
mahtdy  take  that  forai,  may  l>e  so  acute  as  to  disable  the  sufferer  for  a 
while.  Confusion  and  giddiness  may  add  to  his  troubles.  By  miseries 
such  as  these  the  best  years  of  life  may  be  spoilt,  unless  the  sufferer 
find  his  way  to  a  physician  who  iccogniscs  the  cause,  and  by  removal  of  it 
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sets  the  patient  free.  The  astringent  mattera  contaititvl  in  the  infnakni 
left  promote  constipation.  The  anivmia  oft«n  secTj  in  such  cases  U  in  |>irt 
indirect,  niid  clue  to  the  stitistitution  of  tea  or  cofft^e  for  good  food.  Acott 
rosacea  is  snicl  by  some  winters  to  arise  under  the  influence  oi  tea  und 
however  this  may  Iw,  it  is  wise  to  substitute  cocoa  in  cases  of  this  affe 
In  out-patient  pmcticein  the  northern  ho^pitjils  of  Kn^land,  very  ol 
cases  of  jitonie  dyspepsia,  with  swdlowness,  loss  of  flesh  and  low  spirits,  oec«r 
in  men  in  whom  no  such  ailments  would  be  expected.  In  our  ejqwrienw 
this  malady  ban  shewn  itself  ©specially  in  miners  anil  engine^diivsn. 
The  state  is  a  grave  otio,  and  leads  gradually  to  the  loss  of  working  poTcr. 
so  that  at  fifty  years  of  age  such  a  {latient  may  become  Iwth  nseleas  tiul 
misciahle.  This  stite  is  largely  attributable  to  the  use  of  tea  by  the 
canftil ;  the  tea  is  by  no  means  weak,  and  too  ofien  it  takes  the  pla«  of 
nouriKhing  food.  Utdiappily  the  mii^chief  has  often  gone  too  far  beforr 
the  cause  is  found  out  and  removed. 

T.  Clifford  ALLEiTrt 
W.  E.  Dixon, 
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METALLIC  AND  SOMK  OTHER  FOKMS  OF  POISONING: 
INCLUDING   POISONOUS  TKAi)ES 


Bj  Thomas  Olivkb,  M.n.,  F.K.C.P. 

lOSPHORUS, — Until  within  the  last  three  yeiirs  suicidal  {wisoi 
phosphorus  hud  l>een  increasing  in  this  country.  I>uring  the 
ended  I903  there  wore  \b'2  deaths  in  England  and  Wales  caused 
phosphorus^  72  of  which  wore  the  result  of  accidental  and  indusl 
phosphorus  |>oisouing  and  '^O  of  suicide.  Included  in  the  ar<'idcntal 
industrial  cases  of  phosphorus  poisoning  are  the  deaths  of  mv 
children.  Of  the  deaths  by  suicide  *20  wen;  males  and  60  funuli^ 
By  dividing  the  decenninni  into  halves  we  find  that  l>otweun  1894 
and  1898  inclusive  7 !>  deaths  were  catisetl  by  phosphoru's.  of  which 
or  43*3  per  cent  were  suicidal*  while  for  the  five  years  ended  1 
although  there  were  fewer  deaths,  viz.  7ft,  of  these  45  or  G2'6  per 
were  suicidal.  The  ease  and  cheapness  with  which  people  c«D 
phosphorus  from  lucifcr  matches  |)artly  explain  why  this  poi^vm , 
resorted  to  liy  the  poorei-  cl.isscs  for  suicidal  purposes.  It  is  pmufyi 
on  the  other  band,  to  obflcrvc  that  the  number  of  cases  of  accidental 
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iiiiiustriat  phosphoni.s  |M>iHoiiiiig  fell  from  44  for  the  five  ycura  emled 
1898  to  28  for  a  similar  i>eriod  ended  1903 — »  fircumstanco  which  is 
largely  due  to  Home  Office  regutHtioiis  and  to  the  substitution  of  the 
compamtively  speaking  iiinfx:uous  8i'S((itiBulfihidu  of  pho.s|>honiH  for  the 
dangerous  white  in  the  mnnufacturc  of  lucifcr  matches.  The  more 
general  use  of  this  subi^tu^ce  for  he;(ding  mutches  will  b«  followed  by  a 
reduction  in  the  ntnnher  of  canes  of  suicidal  poisoning.  As  a  further 
indication  of  the  trt-nd  of  the  times  it  may  be  mentioned  that  at  an 
International  Congress  of  delegates  of  most  of  the  Euro|>ean  governmenU 
held  in  Hertu^  May  1905,  the  Ujtal  prohibition  of  white  phosphorus  in 
the  manufacture  of  lucifer  matches  was  recommended.  There  is  a  vary- 
ing amount  of  phoRjihorua  in  matches.  Koughly  speaking,  one  pound 
of  phosphorus  will  head  1,000,000  matches.  Id  100  match -hc;id8 
Mayet  found  55  mgrms.  of  phosphorus ;  and  Gonning  found,  in  English 
matche?,  32  to  .34  mgi-ms.,  iu  l^elgian  3S.  In  Miinzer's  cases  each  match 
containe<l  Or>  mgrm.  of  pure  phosphorus,  so  that  100  matches  wotild 
readily  cause  death,  for  75  mgrms.  (0116  grain)  have  proved  a  fatal 
dose.  Many  of  the  vermin  pastes  sold  in  the  shops  contain  as  much  as 
from  I  to  2  per  cent  of  phosphorus,  and  these  are  ahvays  within  easy 
reach  of  the  public' 

Commercial  plinsphorus  is  obtained  from  calcined  bones  by  removing 
the  lime  with  siilphurio  acid  and  deoxidising  the  residuum  with  charcoal. 
It  occurs  in  the  form  of  waxy  somi-tninaparent  sticks,  which  are  usiially 
preserved  under  water.  It  gives  otT  a  peculiar  alliaceous  odour  and  takes 
fire  at  100*^  F.  Though  usually  spoken  of  as  insoluble  in  water  it  has 
been  ex]»erimen tally  proved  that  water  dissolves  a  small  (piantity  of  it, 
that  bile  has  a  t^tronger  solvent  influence  upon  it,  and  that  the  solubility 
of  phosphorus  in  each  increases  with  elevation  of  temperature.  It  is 
soluble  in  bisulphide  of  carbon,  nils,  and  chloroform.  Phosphonis  exists 
iu  several  allotropic  forms,  of  which  the  rod  or  amorphous  is  the  most 
conmion.  This  form  does  not  take  fire  at  the  ordinary  temperature,  and 
it  is  non  poisonous ;  hence  the  Swedish  mat^^hes  made  with  it  are  harm- 
less. Phosphorus  unites  with  hydrogen  to  form  phosphine  or  phos- 
phurettcd  hydrogen — a  very  dangerous  ga& 

It  is  the  •*  white,"  or,  as  it  is  sometimes  called,  the  "yellow"  phos- 
phonis which  is  the  princiiial  cause  of  phosphorus  i>oi8oning.  The 
trichloride  of  phosphonis  is  employed  in  some  industries,  but  in  very 
small  quantities.  In  the  chemical  lal  moratory  this  s;ubstance  has  been 
the  cause   of   poisuning.       Butjagin  exjwsed  animals  to  an  atmosphere 

^  In  Ncwcnstle-upoo-Tyne  tb«  iiuiuber  of  cam-*  of  pliusphuriiM  potJiouinK  hiw  1k;«d  \».t^ 
Id  tlio  t«n  yean  rtidoft  1894.  SO  caiu  were  OfliiiitUHL  ttiUi  tbe  lutimiory.  13  molv*  anJ  37 
feiuales.  Of  ttie»c  r<0  ciktes  r>  <]ied.  2  tii«lo»  attd  3  females.  The  a^(»  nf  tlie  palietiU  vnriod 
from  ft  to  74  ytar^  iui<l  with  tlio  exception  of  1  child  9  ywrs  uf  age,  to  whom  the  poiaou  was 
mdraiuiMfred  liy  tho  mother,  she  her^-lf  having  tAken  it,  the  a>-»es  were  miicidftl.  For  the 
t'-ti  yean  ciid<-<l  1!>04  there  were  34  fxitieDtii  a<ltiiHte«l  sufferiug  from  phiMphoms  poimoing, 
pmctiriUy  itfienkitii;  all  toiicidul,  11  males  kimI  23  r«ruale>»,  of  whom  1  uiftltt  dit^l  ilihI  .'i 
frmalejt.  St>  fnr  lu  the  rea^im  AS8i^e<l  for  the  suicide  are  coiicenied.  it  .-L{)pi.'ar4  to  me 
that  iu  the  eif«  of  men  tliu  priticipol  causc^t  arc  drink  aud  poverty,  aud  iu  wonicu  cto5«t:d 
love  or  jealousy,  poverty,  drink,  and  ilbnsagc  l«y  their  httsbttoda. 


srsr£^/  of  medjcixe 


conUining  O'Ol  pho&phonis  trichloride  per  litre  of  air,  and  al  the  end 
one  hoiir  the  animals  suffcrod  from  rhinitis,  conjunctivitis,  firrofuM  loiiii 
tion,  abundant  bronchorrhfeii,  and  intense  dyspmi^a.  Lewin  hiu  prodi 
poi.soning  in  nnimals  by  giving  them  saturated  phosphorus  water.  Pb» 
phoreLted  hydro^'un  is  a  dangerous  compound.  Acetylene  ga«  obUioed 
from  the  Amuricari  carbide  of  calcium  containa  06  pbosphorettwl  bydrogea 
per  1000,  while  that  evolved  from  Swiss  and  French  carbide  contaimOj 
per  1000.  Jokote  allowed  animals  to  breathe  pi lonjihu retted  hydmj 
in  the  proportion  of  001  to  0'6  per  1000.  With  001  f*r  1000 
symptoms  of  intoxication  were  iilight,  Imt  with  002  there  were  vomi 
and  dyspnrea,  followed  Ity  death  in  H  to  4  hotirs. 

Phospliorud   poisoning   may  \ye  acuU  or  chronic.      The  Utier 
known  as  pfiospluirism,  \a  met  with  in  those  engaged  in  the  manuf 
of   matches.      Phosphonu,   because    it   is    an   im)K>rtant   cotibtitueDt 
nervous  tissue,  is  administered  nietlicinuily  in  very  minute  doses,  but 
these   doses   its   physiological   action  is  different    from    that    of 
(juantitios.     In  minute  doses  it  probably  acts  as  a  stimulant,  tmpnn'i 
the  nutrition  of  the  tissues,  osseous  and  nervous.     Wcgner  ha«  At, 
that  when  adult  animals  receive  small  doses  of  phosphorus  the 
tissue  of  the  Iwnes  becomes  thickened  and  the  compact  portinnis  di< 
dense.     New  osseous  tissue  is  Hubiict|ueut.ly  tlevcloped  upon  the  inaidri 
the  shafts  of  the  long  bones,  in  some  iiistJineos  even  to  the  oblitcratioD ' 
the  marrow  c»vity.     Thei-apeutically  it  is  believed  tliat   the  drug  cntws 
the  system  as  ptiosphorus,  and  not  as  phosphoric  acid  ;  the  proof  of  Uittj 
that  in  cases  of  poisoning,  not  only  does  the  breath  smell  of  phosphor 
but  the  blood  is  found  to  contain  it.     ^VTiile  phosphorus  may,  y*t  ii 
not  always,  act  as  a  poison  by  becoming  changed  into  phosphoric  arid 
the  body,  for  the  quantit)'  of  this  acid  foi-med  from  a  lethal  d- 
phonis  is  too  smal! :  nor  can  we  say  that  it  is  by  its  con- 
phosphoretted    h^'drogen,  as  stmie  maintain.      We  do  not  know 
what  happens  when  phosphorus  is  absorbed  into  the  blood, 
oxidised  it  must  undergo  this  cliango  very  slowly,  for  if  fresh 
blood   1)6   taken,  phosphonxs   abided   to  it,  and   the   ves-sel    hetrai 
sealed,  the  bright  itrteriul   colour  is  not  lost  earlier  than  in  a  coul 
ex])eriment.       Lecort^he  is  in  favour  of  the  new  that  phosphonu 
by  becomint»  converted  into  phosphoretted  hydrogen,  ff»r  there  i«  a  ci( 
resemblunce  between  the  symptoms  caused  by  phosphoretted  hydrogen  i 
by  phosphorus.     According  to  Lecorche  poisoning  by  phosphorui  is 
result  of  two  factors — (a)  pho8[thoretted   hydrogen  and  (b)  phospboric 
acid.     The  patient  dies,  slowly  asj)hyxiated  owing   to   j>hosphf>rit: 
having  destroyed  his  blood-corimwU-s  and  the  pho»phort*tto<l   hyth 
having  deprived  the  corpuscles  of  oxygen.     At  the  temperatuiti  of  the  b 
phosphorus  passes  into  a  stJite  of  vapour.     Biimbergcr  has  demoiist 
that  in  this  form  it  readily  passes  through  animal  membrane  into 
fibriimted  blood  ;  hence,  should  ]>hosjihorus  be  present  in  the  aliment 
canal,  the  bloml   circulating  in   the   walls   of   the   intestine  wouhl 
;ome  surcharged  with  the  va[>our  of  it 


Morbid  Anatomy. — Tbo  cases  must  bo  few  in  which  no  lesion  is 

found  after  death ;  the  chAracter  of  the  morbid  changes  depends  upon 
iho  rapidity  of  the  poisoning  and  the  manner  in  which  phosphonis 
entered  the  system.  Usually  there  are  numerous  ecchymosos  on  the 
skin,  on  the  serous  and  mucous  membranes,  and  in  the  mUBclcs  anil 
iidipoae  tissue.  In  a  case  seen  by  myself  there  were  numerous  small 
bttimorrhagos  under  the  visceral  layer  of  the  pericardium.  The  bhxxl  is 
liquid  and  dark.  If  death  occur  in  the  cjirly  stage  there  may  be  a 
distinct  smell  of  phosphorus.  The  skin  is  jaundiced.  There  is  inflam- 
matory redness  of  the  stomach,  with  swelling  or  htiMuorrhagic  erosion  of 
the  intestinal  mucous  membrane.  The  liver  is  increased  in  size  in  the 
early  stages;  diminished  if  the  illness  be  protracteil :  it  is  of  a  unifoiTii 
citron  or  greuniali-yclluw  colt»ur,  or  it  exhibits  irregular  yellow  patches ; 
on  section  it  is  bloodless.  The  gall-bladder  may  he  full  or  empty.  The 
kidneys  arc  largo  and  their  cortex  |xde,  but  the  medullary  portions  are 
congcatetl.  The  spleen  is  not  enlarged.  Microscopical  examination 
shews  very  marke<i  fatty  degeneration  of  the  liver-cells  and  of  the  renal 
epithelia.  The  nuiscle-fibres  of  the  heart  have  lost  their  transveiise 
striation  and  contain  numerous  fat  droploia  a  change  idso  obf-ervcd  in 
the  voluntary  muscles.  Beyond  an  occasional  hwmorrhagic  point  or  two, 
from  increased  iJcrraeability  of  the  capillary  walls,  and  vacuolation  of  the 
cells  and  imclei  in  the  cerebral  cortex,  there  is  nothing  to  lie  detected  in 
the  nervous  s\'stem.  Lilienfeld  and  Monti  describe  a  micro  chemical 
method  fur  detecting  phosphorus,  which  consists  in  placing  sections  of 
the  fresli  organ  in  a  strong  solution  of  auinionium  molrbdate,  and  trans- 
ferring them  in  half  an  hour  to  a  'dO  per  cent  solution  of  pyrogallic  acid 
tlissolved  in  ether.  After  remaining  for  a  few  miinites  they  are  passed 
through  spirit  Ut  oil  of  clove-s,  and  then  mounted  in  Canada  balsam.  A 
yellow  or  brown  colour,  best  marked  in  the  nuclei,  indicates  the  presence 
of  phosphoruR.  Overlach  found  in  acute  phosphorus  poisoning  of 
un impregnated  animals,  that  t-ertain  well-flefinwl  changes  occurred  in 
the  iitenne  mucous  membrane  closely  akin  to  those  met  with  at  normal 
menstruation :  there  was  a  development  of  large  cells,  resembling  the 
so-calle<l  *' decidual  cells  "  of  pregnancy,  from  the  interghmdular  connec- 
tive tissue.  Apropos  of  the  formation  of  this  decidtud  tissue  in  the 
uterine  mucous  membrane,  Hitsclimann  ami  Lindenlhal  have  examined 
the  uterus  in  nine  women  dead  from  acute  or  chronic  phosphorus  poisoning, 
none  of  whom  had  been  nicently  pregnant  These  olwervers  only  found 
heaps  of  cells  of  the  Hattenetl  cubical  t\-pe  instead  of  the  ordinary 
cyliiidrical  variety  usually  met  with  in  the  uterine  glands.  For  a 
discussion  of  the  pathology-  of  the  fatty  change  in  the  liver,  kirlney,  and 
other  organs  found  as  a  sctjuel  of  phasphonis  poisoning,  the  reader  is 
referred  to  vol  i.  p.  574. 

EjrperintriUiil  Fhosphtmts  Poigoning, — The  experiments  by  Oddo  and 
Olmer  confirm  what  we  have  le.irne*]  by  clinical  experience,  viz.  that 
in  phosphorus  poisoning  death  may  occur  within  24  hours  without  any 
trace   of   fatty   change  being   found.      Koger   and   Josui   describe  two 


kinils  of  lesions  proaenl  in  the  lione-nwrrow  of  mbbite  poboiuxl  by 
phosphonifi:  (1)  changes  Mich  as  are  met  vriih  in  infootious  diaeuei  mil 
cbaracterisofi  b}'  cellular  proliferation,  (2)  special  K«sioii«i,  imd  thenloK 
different  to  those  obaervod  in  anything  else.  SiilwMtaneous  injections  <i4 
phosphorated  oil  were  tmulc  into  rabbits.  The  animals  lived  frmn  1-7 
tUys  afterwurds.  On  microscopical  examimition  of  the  Viom*-mamiir 
then)  wore  sigriM  of  intense  congestion,  a  mfirkiH]  diminution  of  fal,  kmj 
a  proliferation  of  large  mononuclear  leucm-ytes  and  giant-cells.  Tbr 
nuclei  of  these  cetU  hiul  undergone  changes.  By  means  of  rea^-< 
wjw  impossible  to  distinguish  the  chromatin  network  and  liu^i ... 
membrane,  the  chromatin  being  ditl'iised  through  the  protopiasni. 

Symptoms. — The  severity  of  the  symptoms  and  the  rapiflity  irilh 
which  they  appear  depend  upon  the  fine  state  of  division  in  whiili  lit 
poison  enters  the  '>ody.  Usmdly  the  gympttims  appear  within  one  to  iix 
hours  after  swallowing  the  drug;  but  if  a  huge  piece  of  phosphunw  hw 
been  taken  they  may  not  arise,  for  single  lumps  have  been  known  to 
traverse  the  whole  length  of  a  dog's  intestine  without  destroying  life, 
the  operation  of  some  poisons  there  is  a  marked  difference  betwoen 
symptoms  exhibited  by  animals  and  by  man  ;  but  so  far  as  the  effects 
phosphorus  is  concerned  the  symptoms  in  both  are  remarkably  ouifot 
On  the  development  of  the  symptoms  tlie  condition  of  the  stomach  at 
time  has  an  im|x>rtant  liearing.  The  pnwence  therein  of  milk  or 
which  readily  dissolves  phosphorus,  causes  an  early  appearance  of  symptom 
The  poison  need  not  be  taken  internally.  Dr.  L.  UiU  reports  the 
of  a  girl  who,  wishing  lo  give  a  "dark  stance  "to  her  fcllow-mn 
rubbed  some  phosphorus  paste  uiwn  her  bands  and  face.  The  chai 
teristic  illumination  followetl,  but  the  girl  died,  with  the  ordJt 
symptoms  of  poisoning,  on  the  eighth  <lay. 

Phosphorus  poisoning  has  Iwien  known  to  follow  the  ingestion  of 
flesh  of  an  animal  that  had  partaken  of  phosphonis.  Baumel  re| 
the  case  of  a  girl  wh(»  had  consumed  jjort  of  a  chicken  ot^Menl 
poisoned  by  grains  of  wheat  that  had  been  boiled  with  lucifer  maicl 
anvl  meant  for  rats,  a  niso  frofjuently  adopted  by  the  French  pR.i«ttil 
to  destroy  vcnnin.  For  a  few  days  after  ejiting  the  chiekt-n  there 
no  symptoms,  but  on  the  fourth  day  general  convidsions  came  on, 
lowed  by  colic,  bmning  pain  in  the  abdomen  referretl  t<i  the  umbitii 
and  iliac  fossie,  and  increased  on  pressure,  slight  jaundice,  and  fm\n 
micturition,  the  lu-ine  being  normal.  .Subsetpiently  she  lost  the  poi 
of  walking,  the  convnUions  were  repeated,  and  the  inguinal  gl 
became  enlarged.  Theie  was  in  this  case  an  absence  of  the  stoi 
symptoms  usually  found  when  jihosphorus  has  been  swallowed,  but 
although  the  pho6]tlioru.s  ingeAte4l  through  the  fowl  ha<l  ItjHt  its  caut* 
ticity,  it  had  n(»t  parte<l  with  its  toxicity.    The  girl  ultimately  rwov< 

Tardieu    divides  phosphonis   jwisoning   into   three  forms — (i.) 
common  fonn  ;   (ii.)  the  ner^'ons  ;   (iii.)  the  hjemoiThagie.     In  the 
form,  irritant,  nervous,  and  h:emorrhagic  symptoms  lue  blended  loget 
in  the  second  the  s^t'mptoms  are  specially  referable  to  the  braia 
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Spinal  cord,  und,  as  the  name  Impliea,  htEmorrbages  are  charoctori&tic  of 
the  thini 

I>iinnj(  the  act  of  Bwallowing  the  poison  a  disa^etuible  taslo  and 
ffiuell  nru  peioeivetl,  aiifl  ;iro  followwi  shortly  ufltTwards  liy  piiiii  in  ihu 
(l^iei  :ui<J  slomai'b,  and  Ity  retching  mid  vomiling.  The  toiigtie  and 
throat  may  beconio  red.  dry,  axaX  swollen.  In  other  coflea  a  few  hours 
inccrvene,  during  which  the  iwlient  may  move  about  discharging  the 
onlinnr)'  duties  of  life  ;  then  vomitinjf  and  naiueji  come  on,  nwom- 
[.lanicil  by  alMlomiiial  pain ;  the  brcnth  Incomes  pha'^phorosoent,  and 
the  vomited  mailer,  which  consists  of  mucus  tiiigeii  with  blood  and 
bile,  may  be  hiniinoUB  \\\  ihe  ilark  and  Mncll  strongly  of  the  poison.  For 
two  or  three  days  t)ie  vomiting  continues,  aceompnnicd  by  gasti-algia, 
perha]>s  by  dl'irrhina,  and  by  sleeplessness;  the  (latient  roeanwiiilc  is 
Utt<.'rly  wretched.  The  pulse  at  this  stage  may  bo  normal,  or  feeble  and 
slightly  (piickened  ;  while  the  temperatnre  may  he  normal,  or  slightly 
subnormal.  Hy  the  lliird  (hiy  the  vomiting  uiitually  ceases  and  the 
ftlMlotinnal  pain  disapj^ears ;  but  this  abaU;ment  is  fret[Uenlly  but  tem- 
porary, for  shortly  aft-erwards — in  from  70  to  80  per  cent  of  the  cases 
— jaundice  appears  on  the  thiril  to  the  fifth  clay,  accompanied  by  coffoe- 
gi'ound  vomit  :intl  by  abdominal  (uiin  referable  to  the  epigastrium.  The 
pul&e  rate  may  now  f.ill ;  but  if  the  case  is  going  to  take  an  nnfavour 
able  course  it  may  increase  in  frequency,  rwichiiif^  as  high  as  ICo.  The 
tempeniture  varies:  a  high  teiiipcrnturo  is  generally  ivgarde<:l  jis  a 
precursor  of  death  ;  but  in  some  cases  observed  by  myself  the  lem- 
pei^ature  before  death  retichftd  only  to  96"  F.  In  the  vomit  numerous 
reihiish -brown  flocculont  nuiases  can  be  seen;  and,  on  microAcopic;il 
examination,  numerous  fat  ■  globules,  broken-down  blood -cells,  and 
d«^bri-  are  observed.  The  vomit  gives  a  blue  colour  with  peroxide  of 
hydrogen  and  tinct.  guaiuoi,  indiciiting  the  presence  of  blooil.  Once 
jaundice  supervL-nes,  the  patient  cau  no  longer  bo  rogai-ded  as  simply 
under  the  inlluencc  of  phosphorus,  but  as  suffering  front  the  conse- 
quences of  the  profound  strucLimd  changes  in  the  liver  induce<J  by 
the  action  of  this  substance  upon  the  hepatic  cells.  The  Wsous,  at  this 
stage,  niiiy  be  somewhat  ctilargfd  and  teinler  ;  but  if  the  jKitient  survive, 
the  livur  rapidly  becomes  smaller,  so  nuich  so  as  to  suggest,  in  the 
alisonce  of  a  history  of  phosphorus  poisoning,  the  diagnosis  of  acute 
yellow  atrophy  of  that  organ.  The  luine  may  be  scanty,  usually  it  is 
aliout  the  average  in  quantity ;  it  may  be  albuminous  and  loaded  with 
biliary  colouring  matter :  it  frequently  contains  crystals  of  leuein  and 
tyrosin.  The  headache  and  sleeples^snc**  compUincd  of  in  the  first  few 
days  may  now  be  repliictd  by  delirious  excitimient  and  convulsions; 
these  gradually  give  way  to  coma,  preoe<led  by  a  marked  fall  of  the 
t«mi>erature.  (Jccasiunally,  in  the  eairly  stage,  when  the  vondting  abates 
there  is  a  remission  of  the  symptoms ;  and  it  seems  as  if  the  patient 
would  recover,  but  in  due  cotu-se  jaundice  supervenes.  When  recovery 
takes  place  the  amount  of  {xitson  swallowed  hiis  b^en  small,  a  successful 
line  of  treatment  has  Iwuu  adopted  early,  or  the  pbosphortu  has  become 
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oxidised  in  the  inteatinu)  cjinal.  Whon  tho  poisoning  i&  fatal,  dtaih  txaf 
not  come  for  Bcveml  days  ;  bat  in  the  caae  of  children  it  nuki*  hiji^n 
within  the  first  twenty-four  hotu-s,  so  th&t  the  stage  during  vlikb 
jaundice  usually  occura  may  never  be  reached. 

In  Tarflieu's  second  form  of  phosphorus  poisoning  the  symptoms  ir 
referable  froui  the  outset  to   the   nervous  systeuL      Not  only  ane  ibtr* 
vomiting  Hiid  aluloiniitul  piiiri,  but  j>e(Mdiur  sensations  in  the  limb*  aUu 
followed  by  cramp  like  pjiins  or  piiralysis,  and  by  dcliriiuu  and  ronv^tl«iorn 
with  or  without  jaundice.     Gallavardiii  tjuotes  the  case  of  a  n 
in  Sweden  who,  after  inhaling  llie  vapour  of  phosphorns  oons*- ,     ..     , 
an  explosion  in  the  works,  suffered  from  gratlnal  pamlysis  of  the  liml* 
with   trembling  of  hf^  arms  and   hands,  and  parah~&U  of  tbp  t"_:; 
ciuising  cmbarnissment  of  apeech.     Ilenschen  also  found  parajy-i 
match-maker.     Cbaumier  describes  a  case  of  jiaralysis  coasoqueni  upkiu 
takitij^  a  mixture  which  contained  pboapbonia,  other,  and  creaiiot&     In 
one  of  Lovot's  patients  multiple  neuntis  came  on  six  weeks  after  taking 
phosphate  of  creasote.     It  ia  possible  that  there  may  Iiave  been  a  tnot 
of  arucnic  in  the  c(mipound.     Altliou^h  phosphorus  paralysis  oocun  in 
animals,  wo  are  not  so  familiar  with  it  in  man.     Panillo  found  Btmctml 
change*  in  the  spinal  cord  of  dogs,  a  central  myelitis  with  extm^Twaino 
iuid  pigmentation.     (Joll  and    Kui-dach's  columns  have  fn.*«]i; 
signs  of  defeneration.     Chaumicr  trejited  an  old  man  of  7\' 
days  after  swalU^wing  phosphorus,  complained  of  pain  in  the  iwt  awl 
knees.     This  waa  followed  by  jturalysiR  of  the  feet  and  Ie*!s,  which  Ufl*d 
for  nine  months.     The  knee-jerks  were  lost      In  thi.s  patient  tlie  »}to^ 
tome   were  due   either  to   peripheral   neuntis  or  myelitis,   the  poia  is 
the  limlis  and  the  loss  of  the   knee-jerks  l>eing  in  favour  of  neuritis.     It 
is    interesting  to  note   that   the   jKLralysis  did   not  develop  until  md* 
considerable  time  after  the  phosphorus  had  been  taken. 

The  skin,  in  addition  to  being  icteric,  may  become  the  eosi  di 
erythema  or  of  small  haemorrhages  ;  blood  may  ooze  from  the  intestiml 
mucous  membnine  or  from  the  kidney.  Jaundice  may  occur  at  any  tin* 
after  the  first  day.  The  rapidity  of  its  manifestation  is  a  mcaaure  of  tkt 
danger  to  life ;  tho  liver  bouonics  enlarged  and  tender  at  the  same  dme, 
the  onlargeraent  being  generally  uniform.  Ingravescent  jaundice  girti 
rise  to  a  series  of  nervous  symptoms  (delirium,  coma,  and  rt)ni'ul«iouA) 
akin  to  cholwmic  intoxication,  and  is  followed  by  rapid  death.  On  iht 
other  hand,  the  jaundice  may  gradually  diA.ippear,  the  appetite  rrtum«  ibe 
abdominal  pains  cease,  and  recovery,  in  a  icw  weeks,  be  fairl}'  complete 

Opinions  diflTer  as  to  the  state  of  the  blood,  probably  because  they 
have  been  founded  too  much  upon  exj>enmcntat  data.  Alkaline  duriac 
life,  tho  blood  is  generally  acid  after  death.  On  microscopie;il  ex*nuiu»- 
tion  the  roil  and  white  blood-cells  are  normal.  Miiiizer  Iwlieves  Uial  tltt 
red  blood'Cells  are  increased  in  number  as  a  primary  resulu  ihoogb 
the  secondary  effect  of  the  continued  use  of  phosplioms  is  to  caiiM  a 
dimiinition.  The  blood  is  frequently  dark,  and  not  so  liable  to  coe^Ute 
oain  hmlth.    This  may  be  due  to  destruction  of  the  coagulating  fomteaU 


The  urine  is  almost  invariably  affected  in  phosphorus  poisoning.  In 
the  enrly  stage  it  may  eonUuii  a  trace  of  albiiTniii ;  but  when  jaundice 
arineH  it  contains  in  addition  bilc-])i|;inents  and  iirubilin  or  rtitlucud 
bilirubin.  Sugar  is  generally  absent.  Hyaline  tul)0-caBta  may  be 
obeervvd,  with  or  without  fat-droplets  or  fatty  crystals;  or  tube-casts 
composed  of  fatty  renal  epithelia  mostly  .stained  with  bile,  and  aometimea 
mixtxl  with  the  debris  of  broken-down  r«l  blood-cells.  When  tyrosin  is 
j>res€nt  it  indicates  that  im|)ortant  chai)ge§  have  already  Uiken  place  in 
the  VuQT — that  it  is  the  seat  of  fatty  cbaritjo,  and  is  beginning  Lojiittjphy. 
Hiematoidin  crystals.  ,is  well  as  certain  acids — for  example,  snrcolactic — 
have  been  found  in  the  urine  by  Miinzer.  During  the  stiige  in  wliich  jaun- 
dice is  present  the  urine  is  not  necessarily  decreased  in  quantity,  but  its 
specific  gravity  is  niisod  and  its  reaction  is  acid.  A  transitory  peptonuria 
may  occur.  Von  tlaksch  stjites  that  in  the  earliest  days  of  phosjihoniB 
poisomng  there  is  a  fall  in  the  total  nitrogen  eliminated,  and  that  this  is 
followed  by  a  rise.  As  e«rly  as  the  third  day  I  have  olwierved  a  very 
decided  tliminution  in  the  daily  discharge  of  urea ;  and  this  may  continue 
for  several  weeks  in  patients  who  ultimately  recover,  without  any  reduc- 
tion in  the  amount  of  urine  paused.  In  f»tal  cases  there  is  a  ntpidly 
progreasive  fall  in  I  he  urea,  and  this  becomes  well  maikod  the  day  before 
death.  Some  authors  maintain  that  the  quantity  of  uric  acid  in  the 
urine  is  slightly  increastjd  throughout  the  illness,  aUo  the  amnionia. 
Munzer  is  of  the  opinion  that  the  excessive  ammoniH  pbiys  a  u.^^efiil 
part  in  the  organism  by  neutralising  the  abnormal  acid  products 
formed  by  the  action  of  phosphorus  upon  the  tissues.  The  amount  of 
phosphoric  acid  in  the  urine  is  increased  during  the  early  pericwl 
of  the  jtoisoning,  but  in  unfavourable  cases  it  subsequently  sinks  below 
the  normal ;  the  same  holds  good  as  reganls  the  sidphuric  aci*!. 
When  the  janridiced  urine  from  a  case  of  phosphorus  poisoning  is  kepi 
for  a  time  it  emits  a  strong  garlicky  odour  which  is  increased  on  adding 
nitric  acid. 

When  jaundice  appears  the  faeces  become  pale  and  contain  fatty 
matter  and  crystals  ;  they  may  contain  pbosphonis  and  emit  its  character- 
istic otlour. 

Women,  if  pregriaTit,  usually  miscarry  after  taking  a  fatal  dose  of 
phosphorus.  A  woman  under  ray  obsenation,  who  was  eight  months 
pregnant,  miscarried  on  the  third  day  ;  the  child  wa.s  still-lwrn.  Labfjur 
in  these  circumstances  pursues  the  usual  course  ;  but  within  two  or  three 
days  afterwards  jaundice  appears  and  gradually  deepens  in  tint ;  the  liver 
becomes  more  tender  ;  w^nnolence  increases,  and  the  fjatient  gradually 
dies  comatose.  Pliospborua  fret|uently  produces  a  bloody  discharge  from 
the  uterus.  In  the  dead  fiptuses  expelled  by  rabbits  that  have  l>een 
experimentally  pwisoned  structural  changes  are  met  with  similar  to  those 
observed  in  the  mother.  The  mortality -rale  is  high  amongst  the  children 
of  parents  engaged  in  the  manufacture  of  matches  and  tainted  with 
phosphorism. 

P'oriy  per  cent  of  cases  of  acute  phosphorus  poisoning  die.     It  ii  no 


uncommon  thing  for  appArontly  slight  caAes  lo  change  for  the  vorw. 
and  even  alter  the  JHundice  has  disapj^eared  aud  the  symptoms  gvtHrallt 
have  impruvod,  suddoii  di^jith   may  i>ccur  by  faUtiro  of  the  henji  Inya 
fatty  change.     A  lai-dy  development  of  jaundice  is  a  fuYOumUc  iaJi 
cntion,   jMiiticularly   if  it  bo  slight  and  unaccompatiiixl  by  eulargtanecii 
of  th«  liver.     The  rutention  of  the  uppi^tite  ia  a  favoiirahlo  prt^iri'^?^' 
indication.     On  the  other  hand,  nn  eai'ly  appearance  of   jaiinth 
of  tsuch  nervous  symptoms  as  convulsions  and  coua,  a  rapid,  si. 
irregnlar  pulse,  considomblo  enlargement  of  the  liver,  tuemorrha^"  -. 
an  incre;iaed  temperature,  Iwtoken  an  unfavourable  termination. 

The  dlag'nosls  of  phoapliams  |>oisoriing  \a  only  certain  when  in  tbe 
vomited  matter  or  faM:es  phosphonis  is  found.  The  illncM  nuy  bv 
mistaken  for — (a)  .4cut«  yellow  atrophy  of  the  liver ;  (h)  RipidJ^ 
developing  hypertruphic  cirrhosis  ending  fatjdly  by  cholormia;  [c) 
Certain  forms  of  sepsis ;  (d)  Certain  forms  of  eclampsia ;  {ft  WaJ^t 
disease;  (/)  Ha^morrhagic  smallpox;  {g)  Obscure  forms  of  akioholit 
and  unemic  intoxication. 

In  aattf  i/4hw  nfrophy  of  thr.  liw  there  is  a  grcaKjr  cencteMjr 
to  brain  disturbance,  and  also  tA>  enlargement  of  the  spleen,  tfaaa  to 
phosphorus  poisoning.  The  liver,  too,  decieaAcs  nipidly  in  lixs,  tkr 
jaundice  meanwhile  deepening;  whereas  in  phosithorus  poisoning  lie 
jaundice  appears  with  enlargeuient  of  the  liver  and  runs  parallel  vrith  il, 
Hlthon<;h  in  a  certain  numl>cr  of  cases  this  organ  8Ul>so<iuently  ^hrinbk 
when  the  two  diaeories  have  a  greater  resomblancc.  On  the  other  hand, 
some  writers  maintain  that  it  is  imposmble  to  distinguish  between  l^ 
jaundiced  condition  due  to  phosphoms  jtoisoning  and  tliat  obeerrcd  to 
acute  yellow  atrophy  of  the  liver.  The  late  Dr.  Vivian  Pooro  was  c<  libii 
opinion.  The  view  that  in  pt>i8oning  by  pliosphorua  it  is  the  [wriphoy 
of  the  hepatic  lobule  tliat  is  Hrst  attacked,  and  in  acute  atrophy  ii» 
centre,  is  of  no  pathological  value,  especijdly  if  putrefiwtion  of  iho  Iwlr 
has  set  in,  ncitht^r  is  the  presence  of  leucin  crystals  in  th  cell*  of 

any  value,  nor  ateat^jsis  of   the    lii'er,  for  mierohic   sjipt    _  piusii| 

into  the  liver  during  life  c«'in  give  rise  to  a  fatty  change  exactly  Buntlv 
to  that  causefl  by  phospbortH.  The  history  of  the  ease  is  of  importfttiee 
A  dilTerential  diiignosis  can  only  be  made  with  certainty  when  pho»pliorai 
has  l>ee'n  fmind  in  the  body  of  the  cadaver. 

OeeaHiorially  liifprrfn'jihir  cirrhiisv^  of  the  liver  appears  mthcr  quickly, 
and  loads  lo  rapid  death  by  choln^mia.  Upon  one  differeniinl  AympUHB 
between  this  disejise  ami  phosphorus  poisoning  von  Jaksch  la>'s  cnn- 
siderahle  stress ;  namely,  the  regularity  with  which  during  the  last  few 

days  of   life   in  hypertrophic   cirrhosis  vomiting  of  brown   ^ ■■   'toi 

material   occurs ;  but   in   my  opinion   this  is  not  a  tnistwi  u\ 

Cjwcs  of  purrprriU    friimpsia   with  ari  icteric  tingtr   might    In  imd 

for  pho.sphonis  poisoning ;  b\it  in  these  the  temiwratiin-,  .<  r- ;-"  j^'h 
iiTegular  compared  lo  the  transitory  pyrexia  of  the  other  tllncs^  » 
generally  high  and  jHTsistcnt.  Besides,  the  li>or  is  iHually  not  cnUrpAL 
Dropsy  if  present  would  be  an  aid  to  the  diagnosis     The  Amount  «f 
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nlbumin  in  the  urine  and  the  tendency  for  it  to  contain  blood  are  greater 
jn  ecUm|«i:L. 

Certain  foims  of  nkoholic.  and  nrarmic  ivUaicaHon  rosemblc  pbos- 
pbonis  jkoisoning,  and  are  with  difficulty  diatinpuisheti  In  all  doubtful 
cases  the  vomit  should  be  carefully  examinetl.  In  Jutitiorrfuujic  simiH- 
pox  the  porsiatently  high  terapenitun*  would  be  a  guidi>.  In  //'W/V 
diifeiise  the  ayniptoms  begin  suddenly,  usually  with  a  slight  rigor  ; 
the  pyrexia,  which  i^  higher  than  in  phosphorus  poisoning,  lasts  for 
ieight  or  ten  days  acootn{Hinied  by  headache  ;  and  we  find  uIro  gnstric  (lis- 
turbance,  jjiundice,  pains  in  the  calves,  enlargement  of  liver  and  the  spleen, 
nephritis  and  «rythenia — a  group  of  symptoms  closely  resendtling  those 
met  with  in  phosphonis  poiaoning.  The  prognoais  of  "Weil's  disease  is 
favourable.  The  proof  of  poisoning,  on  the  other  band,  rests  upon  the 
detection  of  jihttsphonia  in  the  vomit,  in  the  rinsings  of  the  stomafh, 
*od  in  the  faicos ;  and  there  are  several  methods  by  which  this  may 
be  accompli6hc<i.  In  Mitseherlich's  process  for  the  detection  of 
phosphorus  tht!  vomit  \»  distitleil  uith  siilpburic  acid  in  the  dark. 
The  retort  is  connected  l^^th  a  ghiaa  condenser,  and  if  phosphorus  be 
present  himinons  rings  appear  at  the  point  where  the  fiimes  come  into 
contact  with  the  cold  water.  In  the  nietlnKl  kni>wn  as  8cherer*a 
the  vomit  is  enclosefl  in  a  flask  with  an  air-tight  stopper ;  and  two 
teat*pa{>er8  are  placed  therein,  one  saturated  with  nitrate  of  silver 
And  the  other  with  acetate  of  lead :  should  phosphorus  be  present,  the 
eilver  piper  is  blackened  whilst  the  other  roinains  unchanged.  Binda 
and  Stoenesco'a  method  consist*  in  the  detection  of  phosphorescence  by 
mejins  of  the  naked  eye,  and  subsequently  in  a  microscopicjd  examina- 
tion of  the  phosphorus.  The  suspected  lifjuid  from  the  gastrointestinal 
Ginal  is  taken  into  a  dark  room.  A  few  drops  of  the  liquid  are  nllowed 
to  fall  into  a  test-tube.  When  the  upper  prtrt  of  this  is  heated  phosphor- 
escent clouds  are  seen  to  rise  from  the  bottom  of  the  tube.  A  drop 
or  two  of  the  same  material  is  placod  on  a  glass  slide,  gently  hi-ated,  and 
examined  nucroscopiciilJy,  when  little  bluish  globules  8urrouti(ied  by  a 
thick  fog  are  observed,  whosi^  centre  becomes  whitish-yellow  on  altering 
the  focus.  To  the  aarae  slide  a  drop  or  two  of  a  weak  solution  of  silver 
nitTAte  or  of  ammonium  molybdate  is  mlrltxl,  when  the  little  globules  that 
appeared  to  be  phosphorus  gr-adually  become  black,  while  any  others 
present  remain  of  a  grey  colour.  In  the  urine  from  a  case  of  phosphonia 
poi-ioning  leucin  ami  lyrosin  may  be  found — the  fomier  as  little  round  or 
oval  spheres  not  unlike  droplet*  of  fat,  ami  the  latter  as  heaps  of  delicate 
needle-like  crystals.  The  Ijeat  chemical  test  for  tyrosin  is  to  dissolve  the 
sediment  in  hot  water,  and  to  add  a  drop  of  a  solution  of  mercurous  and 
mercuric  nitrate  (Millon's  reagent),  when  if  tyrosin  be  present  in  minute 
quantity  a  rr>3e  colour  at  once  apjiears,  and  a  crimson  precipitate  if  then* 
be  more  than  a  ti-ace.  For  a  good  metho«l  of  separating  icucin  and 
tyrosin  the  reader  is  referred  to  Mr.  Wynter  Blyth's  work. 

Treatment — As  the  main  object  is  to  prevent  absorption  of  the 
iTif   emetics  and   purgatives  must   be  given  at   once ;    for  when 


Bbsori*tion  has  taken  place  it  is  tliHiciiIl  to  contml  the  confiLS|ueiit 
changes.     If  the  chag  is  aoen  early  an  cmotie  of  sul])luH«'  of  t'op|icr  liu'sM 
be  given,  and  the  stom.ich  persistently  wiistieU  out  \iutil  tbere  U  no  luii.>' 
any  smell  of  phosphonw.     OhjVctiona  hnvo  Iwen  raided  to  the 
inent  of  copper  sulphate  on  the  grouiul  that  it  caiiBca  gastn>< 
but  there  is   little  chance  of   this  occurreuce  if  it  be  given  in 
to  o-grain  doses,  freely  dihiied,  every   few  niintilee.      Hla>  ^ 
of  copper  is  thus  formeil,  which  is  harmless  and  rcAcIily  < 
tiio  kidneys.     Tho  washing  out  of  the  stonuieh  may  be  accouipli-tbe«i  wut 
warm  water  cotitainiiig  copiier  sulphate,  and  sultsequently  wiih  (-ilnr,*! 
magnesia.     This  line  of  treatment  may  duttiee  alone  ;  bnt  for  ' 
few  days  it  is  tiecesfyiry  to  forbifl  all  fatty  foods,  pxcludin;^;  even  nui«  lai 
eggs,  for  fat  dissolves  any  phosphorus  left  in  the  stomiich.     The  ftud 
should  bo  albuminous.     Other  lines  of  treatment  have  for  Uieir  objtfl 
the  oxidation  of  iho  phosphorUB  »o  as  to  render  it  inrrt^  aia.  for  exaapk 
the  use  of  |>eroxide  of  hydrogen,  a  drug  which  is  too  unstAble  to  \m 
trusteil,     Duplos  suggested  licjuor  chlori,  and  Scherer  chloride  of  Ibim; 
but  EiXiH^nence  has  shewn  that  they  act  too  slowly.      Potiu^ium  pmwi- 
ganatc  freely  rliluted  is  a  safe  and  fairly  trustworthy  oxidisiuji;  u.  :     ' 
it  must  be  given  early.     The  stomach  should  bo  wjwbed  out  tn 
warm  water  and  then  with  2  j>er  cent  sntutioii  of  iKitassiiim  fH'riu:uv^uui<. 
Enemas  of   1   per  cent  solution  of   the  same  sjdt  may  he  .'ulininift«rtd 
since  the  fluid  rapidly  passes  up  the  bowel.     Of   Ho  pntientA  eufliaiof 
from  phosphorus  poiBt)nitig  thus  treated  by  Plavec  and   other?  '  •  '•*  " 
died,  or  21  per  cent.     Oil  of  turpentine  is  the  juttidote  usually  rr 
for  its  use  we  are  indebtetl  to  And.'int,  wlio  in  1868  was  r  i"  ^ 

man   who  hail  atti^mpted  siiicide  by  swallowini;  pho*phon  ad 

to  hasten  the  end  bad  aubse(|ucntty  drunk  tuqwntine.  To  the  wtnauk 
mcnt  of  both  doctor  and  patient,  not  only  were  the  syiuptoms  ti^x, 
but  the  patient  rocoverefl.  Bush  of  I>or]tat  has  ex  ]>ori  men  tally  ditoua- 
stratod  how  turpentine  delays  the  toxic  eH'ects  of  phosphonis ,  tai 
of  fifteen  dogs  similarly  jKn'sonefl  by  Personne,  ten,  to  which  turpHitiof 
was  administered,  recoveied,  while  the  remaiiiinj^  five  iiie*l  with  tW 
characteristic  symptoms.  Apart  from  its  stinudating  projicniiri,  il  v 
nuu'ntaincd  that  phosphorus  forms  with  turpentine  n  orysLaIlin«  fuaa 
like  spci'maceti ;  but  the  oidy  kind  of  it  which  is  cajKible  of  duing  llui 
is  the  old  French  oil  of  turpentine,  now  vr\ih  difficulty  obtainUik 
The  other  two  forms  of  turpentine — namely,  the  recti^cd  And  Ui 
German — have  boon  shewn  by  Vetter's  experiment*  uptm  dogs  tid 
rabbits  to  be  useless.  Ordinary  commercial  oil  of  turf)entine  in  forty- 
doses,  after  the  stomach  has  been  washed  out,  still  remains,  ho 
favourite  line  of  treatment ;  find  a  fairly  large  perccntA^  of  eauo  tfa» 
dealt  with  recover.  The  efficacy  of  turpentine  is  increased  by  lai|r 
exposure  to  the  air.  It  is  very  desirable  that  the  boweU  sbooiii  W 
clearc^l  f»ut  by  enemas  or  by  gentle  saline  aperients. 

Industrial  Phosphorus  Poisoning. — The  number  of  people  cogngrd 
in  the  manufacture  of  ]>hosphorus  in  this  country  is  small,  probabljr  at 


more  than  100;  and  as  the  greater  part  of  the  proceia  is  carried  on 
under  wat«r  there  )b  no  great  risk  to  liealth.  The  most  imporUnt 
induHlry  in  ivhicli  pbospbonis  h  largely  used  ib  in  the  making'  of  lucifer 
and  other  kindu  of  niutohes.  It  iscatinmted  that  in  Kngland  this  industry 
gives  employment  to  2r>00  people.  IMiosphorua  enters  into  the  forina- 
tiou  of  oixlinary  wooden  or  congreve  matches,  wax  vestas,  and  vcsuvians. 
Certain  de^Hii-tnioiitH  in  the  m:innfai-ture  are  more  injnrions  than  others. 
The  ** composition"  into  which  the  ends  of  the  matches  are  dipped  con- 
taitis  phosphonis,  [wtasaium  chlorate,  and  glue  ;  and,  ocoisionally,  jhjw- 
tlered  glass,  snlphiiic  of  antimony,  mangnneso  peroxide,  and  colouring 
matter.  Not  more  than  5  per  cent  of  phosphorus  need  be  present  in 
the  com|M>.sition.  It  is  in  the  "mixing"  of  the  composition,  and  in 
the  "dipping"  and  "drying"  of  the  matches,  that  noxious  fnmcs  ai-e 
given  off.  In  the  manufacture  of  "  safety "  matches  and  in  matches 
that  come  from  Sweden  no  yellow  phosphonia  is  employ eii  For 
ignition  these  matches  have  to  Im*  nil>l>ed  on  a  portion  of  the  box  covered 
with  a  dried  paste,  the  principal  ingredient  of  which  is  the  harmless  red 
or  amorpbouK  phosphonw.  Thh  entnince  of  jihospboruH  fumea  into  the 
system  by  way  of  the  respiratory  organs  is  followed  by  a  slow  intoxication 
CAlled  in  France  /jhosphorism^,  of  which  cachexia,  a  yellow  tint  of  the  skin, 
garlicky  mlour  of  the  breath,  the  presence  of  pbosphoni»  in  the  urine  and 
saliva,  amemia,  alK^rtion,  a  high  rate  of  infantile  mortality,  albuminuria, 
and  dominerali^Ltion  of  the  ti&sues,  are  the  most  important  symptoms  ; 
to  these  may  lie  added  cystitis,  bronchitis,  rupture  of  the  muscles,  and 
fragility  of  the  hones. 

Amongst  matchmakers  one  of  the  most  serious  consequences  of  the 
prolonged  exposure  to  phosphorus  fumes  is  disease  of  the  jaw-bone.  The 
workpeople  sutTer  from  ncerosis  of  the  bone,  sometimes  called  in  this 
country  "  phossy  jaw,"  and  in  Franco  "  mal  chimiquc  "  ;  a  disease  which 
atlracte<l  considemble  attention  in  Uermaiiy  and  Austria  so  far  Ijaek  as 
1S3S,  and  which  in  our  own  country  of  late  has  been  the  sidycct  of  a 
departmental  Government  inquiry.  The  "mixers"  and  "dipiwrs"  are 
particularly  liable  to  suffer  from  phossy  jaw.  The  dise^we,  though  it 
sfTecta  both  jaws,  yet  principally  affects  the  lower ;  and  the  first  symptom 
of  it  is  toothache,  which  is  not  relieved  by  extraction.  We  cannot  say 
definitcl}'  how  phosphorus  fumes  act  upon  the  Ixines.  By  stmie  it  is 
supjwsed  that  aracnic,  which  is  fref|uently  present  with  the  phos- 
phorus, causes  the  inflammation.  Wegner  experimentally  produced 
necrosis  of  bono  by  the  direct  action  of  phos]ihorUB  fimios  upon  tbuse 
portions  where  the  periosteum  had  been  exposed  by  dissection.  Hence 
the  greater  liability  for  those  persons  to  suffer  who  have  carious  teeth. 
It  is  sup{>08ed  that  the  fumes  enter  the  carious  cavity  and  reach  the 
periodontid  membrane  by  the  apical  foramen.  Ojwratives  with  decayed] 
teeth  have  alw;iys  been  regai\led  as  specially  susceptible ;  iUtbuugh 
it  has  been  lately  maintained  that  the  local  inflammation  is  pai*t  of 
a  general  poisoning  of  the  system.  Mr.  Hutchinson  mentions  a  case 
where    the   prolonged    internal   use    of    phosphorus    was    followed    by 
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chaTACteristic  necrosis  of  the  jaw.  Moats  found  that  in  tii«  i»rly  <^ss 
of  phosphorus  necrosis  tbore  is  an  accumulation  of  tartar  rouml  ihr  tuck 
of  the  toetb,  and  that  the  disease  ih  a  chrunic  toxtemiu  with  local  irriuuui 
of  tho  gums  aggravated  Ijy  dofuye^l  t«cth  and  tartar.  Cold  rendily  excita 
inflammation  in  such  gums,  and  this  extends  to  tho  periosteum.  M«n 
also  riotieud  that  the  gums  of  cachectic  operatives  art.^  the  seal  uf  okU 
lifiMnorrhjgofi,  Ho  conwiders  thai  the  poison  enters  the  systi 
lialation  and  also  with  tho  food,  and  that  the  toxwrnia  [irec«il4i8 
affection;  h'meesucb  primary  8ympU>ms  as uatiwa,  vomiting,  wnd  increuvf; 
debility.  Ejjinning  as  an  infiammation  of  the  gum  accompaaiM)  br 
toothache,  or  as  inflammation  of  the  {Mriodotital  luombrane,  it  irndtatir 
extends  to  the  jieriosteum,  ahmg  which  the  procitss  advai' 
part  of  the  bony  covering  of  the  jaw  is  atfccted.  This  i- 
osteomyelitis  which  ends  in  necrosis.  As  ea^.t  tooth  in  the  eurly 
removed  on  account  of  pain  it  often  happena  that  a  small  quantity  df 
escapes  from  tho  ulveolar  cavity ;  the  pua  as  it  eftcape«  £re<|ucDtlr 
the  odour  of  phrMphorus.  Tlie  teeth  become  affected  one  after  u< 
until  a  large  jurtion  of  the  jaw  is  denuded  of  its  periosteum. 

Since  phosphorus  necrosis  is  said  to  have  occurred  in  people  wbv 
teeth  were  perfectly  sound,  the  gum«  in  those  instinces  must  have  been  tW 
partii   first  HiTected.       Notwithstanding   that   several    expert munien,  la 
stated  in  these  pages,  have  succceilcil  in  producing  necrosis  of  boos  ia 
animals  exposed  to  phosphorus  fumes,  it  is  yet  not  an  easy  matter  to 
produce  the  malady.     Such  at  any  rate  is  my  experience.     Thrro  » 
something  peculiarly  human  in  phosphorus  necrosis,  for  men  and  wobkh 
become  rapidly  affected  by  it  compared  with  animals.      ProfoMor  Stock- 
man considers  phosphorus  necrosis  to  l:>e  not  so  much  the  immediati!  rwoll 
of  phosphorus  as  a  tuberculous  process,  since  in  the  pus  escaping  fmrtn  the 
diseased  jaw  of  a  Uicifer  match-maker  he  found  tubercle  biicilli.      Althoo^ 
on  sevonil  occasions  I  have  carofuliy  examined   the  pus  dischari^ed  m 
similar  circumstances  I  have  never  found  tubercle  bacilli  therein.     I  b*w 
had  the  privilege  of  examining  ProfLisaor  Stockman's  slides,  and  am  iiH# 
to  corroborate  his  statement  as  to  the  preinence  of  a  few  tubcpcb 
How   far  phoaphorns   necrfwis,  however,  is  to  be  regarded   as   - 
tuberculous  leeion  is  another  quention.     There  is  always  the  po^ 
of  .iccidentil  infection,  and   besides   there  are  several   forms  of   mj 
organisms  present  in  the  pns  escaping  from  tho  diHoasod  bone  owing 
proximity  to  the  mouth.     WTiether  tubercle  bacilli  are  alone  re-sponi 
for  the  malady,  whetlier  phosphorus  necrosis  is  the  restilt  of  a  m\ 
infection,  or  whether  phosphorus  in  the  form  of  fumes  or  as  phAsjkfaofit 
acid,  by  acting   upon   the   teeth  atid  giuns  and   inducing   inflammation, 
prepares  the  soil  for  subsequent  invaaion  by  micro-organisms,  and  if  tn 
wliich  particular  type,  sro  questions  to  which  at  present  no  answer  cm 
1)6  given.  • 

Fnin<;ois  jVmaud,  from  his  position  lis  medical  nfHcer  In  the  mUek 
factories  of  Marseilles,  ha«  had  nnusual  o]>(Kirtiinittes  of  8tud>4tig  tlM 
tliM>Ase  known  as  chronic  phospborism.    Match-makent,  he  kivb,  are  reatdily 


recognised  by  the  peculiar  odour  which  hnnga  abont  them  and  eecnpes 
by  thoir  breath.  So  strongly  has  their  system  become  improgiitttod 
with  the  piiison,  that  practicjvlly  spwikiiig  all  their  cxcrotioiis  exhale  an 
aUiaccoiLS  oiiour.  As  might  l>e  exiH't:t«d,  the  prolon^ied  elimination 
of  phosphoniR  by  the  kidneys  is  followed  by  albuminurtti  in  u  large  per- 
centii^e  of  thf>se  whoSfe  work  meet  exposes  them  to  the  jwison.  Their 
health,  notwithstanding,  does  not  deteriomto  nipidly.  The  garlicky  odour 
of  the  urine  is  regarded  as  a  measxire  of  the  amount  of  the  poison  present, 
for  it  IB  iw  free  pbosphonis  thut  this  substance  appears  in  the  urine. 
Amaiid  has  never  noticed  tlie  phoapboresconcc  of  the  tirine  in  the  dark 
dc«criU'r|  hy  some  obgervers.  The  output  of  urea  is  genenilly  high,  but 
phosphoric  acid  is  not  increased  in  *|UJintity — this,  aa  we  have  seen,  is 
not  the  form  in  which  phosphorus  leaves  the  kidneys.  Phosphorus 
Appears  so  to  act  upon  nutrition  generally  that  if  work-people  are  in  good 
health  melaljolism  is  stimulated  thereby* ;  and  not  only  is  the  amount  of 
area  in  the  urine  increased,  but  the  inorganic  constituents  as  well. 
Should  anything  arise,  however,  to  di.sturb  eJimination,  or  should  dental 
defects  appear,  the  toxic  effects  of  the  element  gradually  appear. 

Elxposure  to  phosphonis  fumes  is  doubtless  the  exciting  cause  of  this 
mahidy  ;  but,  as  already  mentioned,  depressed  general  health,  an  unwliole- 
some  condition  of  gums  and  teeth,  and  ill-vontilated  workrooms  dispose  to 
it.  Improved  ventilation,  reduction  of  the  amount  of  phosphorus  in  the 
**  composition,"  wearing  of  reKpii7it<)re  in  the  drying-room,  (liMnit^al 
of  all  work-people  who  have  bfid  teeth  or  who  suffer  from  inflammaU)ry 
affections  of  the  gimis,  personal  cleanliness  of  the  workers,  car»*ful 
washing  before  eating,  and  the  provision  of  meals  nutsi<le  the  factory, 
are  precautionary  meaj*nre8  of  the  greatest  imiwrtanco.  Since  the  sulv 
stitiitiou  of  scequisulphido  of  phosphorus  for  the  white  variety  in  the 
manufacture  of  hicifer  matches  the  match  industry  has  become  a  com- 
paratively healthy  one. 

Tliu  trenlmrnt  of  phosphorism  and  its  cachexia  sbuuld  be  directed 
towards  the  elimination  of  the  poison.  Exclusive  milk  diet,  the  inhabi- 
tion  of  oxygen,  gentle  exercise,  and  repeated  small  doses  of  tur[)enttno, 
are  the  agents  recommended  by  Magitot  of  Paris,  who  has  had  a  hirge 
experience  of  the  disease  amongst  the  French  match-makers.  In  Ameriain 
factories  the  ojjcratives,  b^h'eviiig  that  Un-pentine  vapour  neutralises  the 
fumes  of  phosphorus,  carry  wide-mouthed  vessels  conUiining  the  oil 
suspended  by  simps  round  their  neck.  The  gums  of  the  work-jienplu 
should  bo  regularly  examine<i,  and  the  presence  of  the  slightest  change 
therein  should  oblige  the  operative  lo  cease  work,  and  to  use  a  mouth 
wash  of  lM>racic  or  carbolic  acid.  Once  stippunLtive  periostitis  is  established 
an  effort  should  be  miule  to  limit  it  by  free  incision  and  thorough  drainage 
— washing  out  the  sinuses  with  weak  corrosive  sublimate  or  carbolic 
acid — and  giving  the  patient  good  food  ;  but  when  this  stage  is  reachc<l 
necrosis  is  almost  sure  to  follow.  Although  resection  is  the  proper  treat- 
ment for  the  necrosed  jaw,  surgical  interference  should  be  fivoirlocl  so  long 
as  profound  phrwphonis  cachexia  remains  ;  operation  in  these  circumstances 


k 


U  very  npt  to  be  foUowoO  by  a  recurrence  which  the  aurgeou  cjumot  »lwir- 
control. 

Mercury 

Workers  in  merctiry  become  poisoned   by  direct  handling  o{  tKr 
metal,    by  liie;ithi»g   it  in  the  form  of   vapour  or  du»U  or  hy  aJbtdry 
lion  tliroUL{h   tht;  »kin.      When  meiTiirv  in  continually  hiindlod  it  vm^ 
t4)  throw  the  skin  into  creases,  within  which  fine  |>arcieWj5  of  the  mrTAl 
l)ccomo  Imlged  and  sulfseijuently  alwwrliod.     li^tin<;  witli  uniFashe*! 
conveys  meuUltc  purticlcs  into  ihc  gastrointestinal  tracts  wfaertv 
the  intluonce  of  the  digestive  juices,  they  become  dissotveil.     The  ti 
nscid  in  this  oountry  comcH  from  JS|>Jun  as  cinimbar  or  sulphide.     'tr>^ 
cinnabar  the  pure  metal  ia  extracted  liy  simply  rotuting  the  ore  *lon«.  or 
by  mixing  it  with  lime  or  iron  filings,  when  metallic  mercury  is  jjivca  iif 
ami  readily  condenses.     TIub  pi-tKesfj  of  extmction  is  dangerous  u^  thna^ 
employed.     Work-people   expo.stul   to  mercurial  vaj>our   at   a  vt 
temperature   scarcely   auifer :    the   danger   incroiises    with   elevau^.;.     . 
temperature  ;   for  luiving  {>enetr'ate(J  into  the  respiratory  paaaages,  \ht 
vapour,  as  the  temperature  falls,  1}ecomc.s  condensed,  ziod  fonns  amU 
droplets  or  granules  which  ure  deposited  on  the   mucous  membfaoc 
These  dioplots  Iwcome  oxidiseil,  and  arn  tliereforo  alworbe*!.     WTien,  on 
the  other  hand,  the  temperature  in  the  workshop  is  low,  the  mcivury, 
too  heavy  to  remain  suspenderl  in  the  atmoaphere,  is  deposited  on  ibe 
hair  or  lieard  of  tlie  workman,  or  iijKtn  his  liands  and  clothes  ;  and  witli 
this  upon  him  he  leaves  the  factory.      Men  who  handle  the  uietiiL,  tir  wliu 
are  engaged  in  the  preparation  of  its  salts,  also  rnn  the  risk  <''   ' 
poisoned  by  absorption  through  the  liuigs,  creases  or  crackd  in  tl: 
wounds,  or  the  open  sores  which  are  the  elVects  of  the  mercury, 
these  the  habitually  diseased  condition  of  the  gums,  and  the  chAhL^.. 
which  the  poison  may  effect  an  entnuice  are  many.     It  is  difficult  to  mj 
what  reactions  take  place  before  mercury  enters  the  circuUlion,     The 
presence  of  common  sjdt  in  sohition  or  a  fri-e  acid  favours  the  dissftlulioB 
of  the  metal.     Corrosive  snblimate  forms  with  albimiin  an  all  4 

mercury  which,  though   insoluble  in  water,  is  i-oailily  diss u# 

presence  of  salt  .sohition.  Until  lately  Mrater-gildcra  made  nso  oi  mentaf 
for  dei)osit)ng  gold  on  metallic  suriaces  ;  and  in  mirror-silvering  it  wm 
also  employed.  Water-gilding  in  this  country  hiis  been  largely  auppUiitpd 
of  late  by  electraplating.  The  fiilverers  used  t^  suffer  considerably  fmn 
moi'curialism  ;  but  the  silvering  of  mirrors,  which  is  still  an  im|ionaiit 
industry,  is  now  practically  harmless  to  those  employe<l  in  it,  since  tbe 
process  by  which  metallic  silver  can  be  deposited  on  glass  from  tk* 
metallic  tartrate  has  come  into  use.  In  barometer- making,  broasn^ 
felt-hat  making,  sldn  and  fur  dressing,  mercury,  or  its  salts,  such  "'  •^■ 
bichloride  and  acid  nitrate,  is  used  ;  and  poisoning  occurs  occs-^' 
In  what  is  knouTi  as  "carotting,"  or  thu  brushing  of  rabbit-skins  wuu  -mj 
acid  solution  of  nitrate  of  mercury,  the  men  Iom  tho  molar  itHitU  in  th« 
upi>er  and  lower  jaws.     The  teeth  that  remain  are  black,  and  ore  ofUn 


lofMc.  Fran)  the  octtnn  of  iho  acid  fumes  the  tt^cth  hecome  eroded, 
iho  enamel  suflering,  and  not  the  dentine,  iis  in  caries.  The  gums  recede, 
and  lead  to  exposure  of  piu^t  of  the  anterior  eiirface  of  the  roots  of  the 
teeth.  One  of  the  moat  frc(|uent  conaei|Uenccs  of  indti^trial  mercnnnliHm 
is  tremor  of  the  limbs ;  and  this  may  be  the  only  manifestation  of  any 
effect  uj>on  the  aystem.  If  workpeople  Jire  exposed  to  the  vjipour  at  a 
higli  teni(K'rutnre,  tr-eraor  is  rapidly  indnced  ;  hence  the  r^adincs^  with 
which  it  attacks  those  who  arc  engaged  in  smelting  the  metal  or  in 
making  amalgam.  Eight  per  cent  of  the  men  thus  employed  snH'er. 
Certain  conditions  have  long  been  kno^^ni  to  disjiose  to  this  form  of 
poisoning  :  for  example,  wnnt  of  cleanliness  on  the  part  of  the  arlisj^, 
deprivation  of  foDti,  and  the  abuse  of  atcohnlic  HtimiUants.  As  far  l>ack 
as  the  early  part  of  the  last  century  Merat  denounce*!  the  uncleanly 
habits  of  gilders,  and  earlier  Btill  Jussieu  demonstnited  tluit  tho  convicts 
in  the  mines  of  Almiiden,  who  lived  continually  therein,  lH.'Cunie  a  re^idy 
prey  to  mercurial  tremor ;  the  free  mioers,  on  the  other  hand,  who  lived 
iu  the  neiglibourhooti  and  were  citoful  to  exchange  their  clothing  and  to 
eiit  urdy  after  wiishing,  enjoyed  Iie^Uh  as  good  as  other  people  in  the 
district.  Authors  who  have  subsequently  written  upon  the  conditions 
of  life  at  the  mines  of  Almaden  rejieat  this  story.  Ax  late  as  1886 
Kaymond,  who  had  visited  the  mines,  states  that  the  work-people  possessed 
of  a  good  constitution  who  follow  agriculture  after  their  mining  is  done, 
and  who  lead  regular  lives,  are  almost  never  attacked ;  and  if  they  are. 
then  health  is  soou  regained  by  desisting  from  work  in  iho  mine  for  a 
tiroe. 

In  the  ten  yeai-s  endefl  1903  there  were  85  deaths  from  mercurial 
poisoning  in  Kngland  and  Wales — 46  males  and  3ii  females;  of  these, 
31  nudes  and  22  females  were  cases  of  suicide,  mostly  from  corrosive 
sublimate. 

Morbid  Anatomy. — The  internal  lesions  deserve  notice.  By  whatso- 
ever channel  mercury  has  been  administered,  the  intestine  is  generally 
found  to  contain  large  quantities  of  liquid  of  a  yellnw-brown  or  nangnino- 
lent  character ;  the  bloody  matter  being  most  frequently  in  the  neigh- 
bourhood of  the  cax:um  and  in  the  largo  intestine.  Tliere  is  extensive 
desquamation  of  the  mucous  membrane  of  the  small  int^wtine  and  cAKium, 
with  hyperfl'mia  and  ecchymoses.  It  is  difficult  to  explain  tho  intestinal 
hyperjemia  in  mercurial  poisoning.  It  may  be  due  to  altered  blood- 
pressure,  the  existence  of  which  Mering  demonstrated,  «tr,  as  Koy's 
experiments  upon  colchicum  suggest,  to  an  climinatiop  of  the  merciuy 
by  the  intestinal  mucous  membrane  The  latter  is  the  more  likely 
explanation. 

In  one  of  Prevost's  cases,  that  of  a  man  poisoned  by  mercuric  nitrate, 
the  kidneys  were  the  seat  of  a  peculiar  form  of  nephritis.  The  epithelial 
cells  of  the  convolutc<J  tubules  were  granular  and  oij^upie ;  in  plocas  the 
tubules  wore  tilled  with  compact  masses  composed  of  chalk.  In  sulwcute 
cases  of  mercurial  poisoning  tlecalcification  of  the  bones  occurs  with  a 
deposit  of  lime  salts  in  the  kidneys. 


Although  large  dos^s  of  mercury  cause  deterioration  of  h««lth,  a 
verj'  small  dose-s  the  drug  seems  to  act  n9  a  stimuhis  to  nutrition.  Many 
palientA  put  on  Hesh  when  taking  mercury;  and  their  Moodmakuf 
organs  hare  their  functional  actiWty  increased,  as  witnessed  br  tK«  Un^ 
numlier  of  red  Moixl-cells. 

Mt«rcury  is  eliminated  by  the  kidneys  and  saliva,  and  by  the 
nursing  women ;  whilst  its  insoluble  salts  jiass  out  by  the  bowels, 
lead  it  is  supposed  to  enter  intx>  combination  with  albuminous  Iv.-; 
the  tissues,  there  roniaining  inert,  to  l>e  suhaequently  oxidised  and  r*iunioi 
to  the  circulaiion  as  an  active  poison.     .Mercury  hjw  (wen  found  in  tW 
urine  and  saliva  two  and   four   hours   respootively   aftor   having  baca 
swallowed,  and  in  the  imne  fourteen  hours  after  having  boon  appbod  tr 
the  skin.     Althouj^h  it  is  said  to  be  thrown  otit  of  the  system  cntipdr 
and  with   some  rapidity,   mercury  has  been   found  in   the  l-  :. 

muscles,  and  kidneys  of  animals.     It  is  probable,  therefore,  • 
single  dose  of  mercury  is  rapidly  eliminated  from  the  system,  r^ 
small  doses  distributed  over  a  long  penoH  are  not  reguLirly  eliimiu..  : . 
hence  more  or  less  of  it  is  deposited  in  the  tissues. 

Mercury  in  detected  in  organic  substances  and  fluids  by  what  i«  knon 
as  Ludwig's  method.     Urine  is  ev.iponitcd  to  dryness  amJ  thm  trm»»^ 
with  hydrochloric  acid;  or  the  urine  may  be  simply  aci'lifif! 
heated  to  50-60"  C  :    the  suspected  tissues  are  cut  small  an 
20  per  cent  hydrochloric  acid.     To  these  granular  ?Jnc  or  finely  < 
copper  is  added,  and  the  whole  is  shaken  up  well  and  then  alli' 
settle.     After  pouring  off  the  supernatant  fluid  the  sediment  >•' 
upon  a  tiltor  is  well  M'aslie^l  with  )>oiIing  water  and  itrieii  at  00    \.,     n 
is  then  placed  in  a  combination  tulic  of  hard  glass  and  covered  with  a 
plug  of  asbestos,  upon  which  is  placed  a  layer  of  gninuUr  oxide  o( 
Another  asbestos  ping  and  layer  of  zinc  previoui^ly  dried  and  beat* 
be  added.     The  tube  is  now  drawTi  out  into  a  thin  capillary  extr  r   ' 
and  combustion  made.     The  mercury  is  deposited  as  a  metallic  p  .   . 
in  the  capilliry  tulxj.     This  jxtrtion  is  now  broken  ofl"  and  a  few  y.r     i 
of  ioflinu  placed  in  it  whilst  it  is  still  hot^    Aa  the  itKline  v»pour  in 
upon    the  mercury  scarlet   mercuric  iodide  is  formed  wliich  is 
raco;;nisahle  by   its  colour.     A   re:u]ier  test,  after  iKiiling  with   hyi 
chloric  acid  and  water,  is  to  place  a  piece  of  pure  copper  foil  in  the 
while  the  lic^uid  is  warm ;  if  left  for  several  hour«  it  ac4uires  a  aili 
lustre,  from  which  globule*  of  mercury  are  to  be  obtaineil  by  sub 

Symptoms. — The  tremor,  which  may  appear  iradHonly  nr  tliMrlT,  b 
at  firat  ohserved  on  raovonuint  only  ;  but  ultimately  it  lieconi'  tit 

It  i.s  usiuUIy  limit^id  to  the  face,  hands,  and  arms,  and  is   ■  le 

certain  groups  of  muscles.     In  some  of  the  very  severe  cases  tb«  i--  ■■  • 
may  be  so  violent  as  to  resemble  violent  chorea.     The  patient  prtlV 
lie  on  the  floor  ;  he  can  neither  clothe  nor  feed  himself,  and  it  is 
dithculty  that  he  gets  more  than  short  snatches  of  sleep,  during 
the   trembling  disapjwars.     The   powers  of   chewing   and   wnlkiog 
affected.     Speech  may  become  slow  and  indistinct  from  iavolvcmenl 


tbo  muscles  of  articulation.  In  atldition  to  the  tremor  there  are  froquenily 
Btomatitia  with  ahiindant  salivation,  and  8yni|jUtra^  of  gastric  catarrh  and 
di&rrhira  followed  by  emaciation  and  pamlysis.  Like  the  aalivary  glands, 
the  pancreas,  soems  to  bo  readily  intluenced  hy  mercury  ;  hence  the 
watery  ohanicter  of  the  stools  and  the  large  conf;c5ted  condition  of  this 
org&n  found  aft4M-  death.  In  some  ciiscs  there  is  *' wriHt-droiJ,"  "*  i" 
pltimbism  ;  a  condition  due,  says  Letidle,  to  degeneration  of  the  sheath 
of  |>eri|>heral  nerves,  the  axis-cylinders  remaitiing  healthy. 

Gingivitis,  profuse  jityalisin — the  saliva  being  secreted  to  the  extent 
of  from  one  to  two  gidlons  a  day,  fetid  breath,  ulceration  of  the  interior 
of  the  cheek  with  sloughing  follr>wed  by  cicalrisjition  or  i^K^rifjeteo-alvcolar 
swelling,  fungous  gtuns,  decay  and  shedding  of  the  teeth,  conjunctivitis, 
and  cachexia  are  oltsened  in  industrial  mercurialism.  Excesai>e  sidivn- 
tion  is  fre«)uently  accf>mpanied  by  a  slight  rise  of  temperature;  and  its 
progress  is  favoured  i>y  the  existence  of  disease  of  the  kidneys,  llic 
GacbexiH,  which  resembles  that  of  scurvy,  is  characterised  by  great 
aui^raia,  <lebility,  emaciation,  loss  of  hair,  pains  in  the  muscles  and  joints, 
and  tL*dema  of  the  feet.  There  is  a  itdiiction  in  the  number  i«(  the 
coloui-ed  corpuscles  and  in  the  albumin  of  the  blood.  Periostitis  and 
enlargeil  glands  ni:iy  be  conse<|Ucnt  \if>on  the  state  of  the  gnm«  ;  and 
there  may  be  nkin  eruptions  of  the  uaturo  of  erA'ihcma,  or  eczema, 
followed  by  desquamation.  Individuals  thus  affected  frequently  succumb 
to  phthisis.  The  cerebrospinal  system  may  become  aflecled  ;  the  i^lient 
may  cumphiin  of  .sleeplessness  or  giddinosfi.  or  of  epileptiform  sci^uivs  and 
paralysis — the  paralysis  diHering  from  that  luct  with  in  phmibisni,  in  the 
peiiiistence  of  the  normal  cluctric  contractility  of  the  muscles,  the  axis- 
cylinder  of  the  ncives  not  being  destroyed :  the  diagnosis  is  corroborated 
by  the  absence  of  a  blue  line  on  the  gums,  and  the  history  of  the  occnita- 
fcion  of  the  patient.  The  tremor  resembles  that  olwerved  in  disseminated 
sclerosis  and  paralysis  agitaus.  In  disseminated  sclerosis  and  in  mer- 
Gtirialism  the  tremors  appear  during  exertion,  and  cease  \vlien  the  patient 
is  at  rest  or  iislec|) ;  those  occurring  in  hydnirgyria  are  less  wide  and 
iri-egular,  they  are  not  accompanied  by  nystagmus,  but  by  more  pro- 
nounced stammering  in  speaking.  In  both  diseases  the  tongue,  when 
protruded,  is  tremulous.  In  paralysis  agitans,  on  the  other  hand,  the 
tongue  is  steAdy  when  protnided^  and  there  is  little  or  no  oscillation  of 
the  limlis  during  effort,  the  tremoi^  are  observed  even  when  the  patient 
is  at  rest,  tlu^y  affect  the  wrist  and  lingers  (Hirtictdarly,  and  the  pHtient 
exhibits  a  ])eculiar  forward  gait,  impelling  him  to  |>ass  from  a  walking  to 
a  running  ])act!.  As  a  distinguishing  feature  between  mercurial  trenioi 
and  that  occurring  in  disseminated  sclerosis  C'harcot  pointt-d  out  that 
wliile  the  oscillations  cease  during  rest  it  is  in  the  former  case  in  a 
remittent  manner  ordy  ;  and  they  reap|>ear  from  lime  to  time  \^ithout 
the  patient  making  any  movement  spontaneously,  or  under  the  influence 
of  emotion  :  whereas  in  insular  sclerosis  the  tremor  is  completely  absent 
during  rest.  There  is  also  a  superficial  resemblance  Imtweeu  mercurial 
tremor  and  general  paralysis  of  the  insane.     In  the  latter  the  tremor  is 


nover  bo  pronotinceil ;  moreover  the  ine^imlitv  of  the  piipilsi  tfaegni 
ideas,  and  the  syinpumis  of  spinal  degeneration  art:  luti  ol^iervc^i  in  mer- 
curiulisra.     Generally  speaking,  it  is  upou  tie  nervous  Bystom  tlm    Ir 
poison  exerts  its  most  (Hinefui  inHiience.     Two  young  men,  . 
the  chemical  laboratory  at  St.  Bartholomew's  Hospital,  suffei' 
aftor  making  mercuric   mothide.     Besides  emacUition   aiid    pu   i;    - 
motion  and  aensation,  aymptoma  nf  acut«   mania  Bot  in,   in  the 
of  which  one  of  the  sufiVreis  died  ;  wliile  the  other,  who  never  ihur 
regained   hia   health,  died   a  few  months  afterwaiiU   from    pueumor 
S}Tnptoni3  resembling  hysteria   may  be   met  with,  but   these   occ-ur 
people  with  a  pi*oclivity  thereto ;  whilst  in  other  cuses  vertigo,  halluci 
tions,   and  inaanity  —  a  condition    spoken   of  as   "morciuiol   ere! 
(Gowew) — m:irk  tlu^  invasion  of  the  cerelmim.     llemoval  of  the 
\idual  from  the  inlUienee  of  the  p<jison  may  bo  (juickly  frjilowcd 
subsidence  of  the  acute  symptoms.     By  the  various  emuuctori»*s  mcr 
is  eliminated  from  the  system;   nevertheless  the  process  may  Iw*  f^i 
and  extend  over  years.     Kussmaul  states  that  the  children  of  wnrki 
in  mercury  are  an»mic  and  ill-nourished  ;  and  that  they  frequently  sul 
from  rickeU  and  phthisis:   also  that  women,  if  pregnant,  miscarr)' 
that   the   infant  is  still-born.     Biiumler   quot^   the   eiue  of  a 
gilder — who,  after  following  his  occupation  for  twelve  years,  wn*  oblij 
to  desist  on  account  of  tremor,  loss  of  memory,  shnlding  of  teeth,  oori 
foi*th.     He  nuuricd  throe  times.     All  his  wives  followed  the  occu(«i 
of  gilding.     By  his  first  wife  he  had  four  children  :  one  died  of 
of  the  feet ;  the  other  three  and  the  mother  died  of  phthi.tis.     Bv 
second  marriage   ho  had  two  children,  who,   with  the  raolher,  died 
phthisis.     By  the  third  union  all  the  chiUlreti  l»om  befon?  the  mot 
took  to  gilding  remained  well ;  but  the  one  born  subsequently  died  from 
a  cause   not  stjited,  although   tlie  mother  iHed  of  phthisis.     In   "«oto 
stitching"  by  American  machinery  the  men  ore  said  to   have  hecooie 
mercurialised  by  voUtilisation  of  the  raetid. 

Me<lical  men  are  compulsorily  required  to  notify  to  the  Home 
all  cases  of  mercurial  poisoning  occiirring  in  factories  and  worksh< 
Some  persons  are  more  susceptible  to  mercury  thiin  others,  but  all  who 
brought  into  coritiict  with  the  metal  or  it*  s:dt«  when  at  work  in  the  fact< 
must  submit  to  a  periodic  medical  examination.     Improved  vrritiUl 
of  the  workroom  has  diminished  industi-ial  mercurialism.     As  rtd<liti 
precautions  the  use  of  sulphur  Uatha,  c-ireful  scndibing  of  tin*  l»odr 
soap  and  water,  rinsing  the  mouth  with  chlorinatod  wat<>r,  bru*ilmig 
teeth,  and  the  Wfwring  of  respirators  containing  .■%  sponge  that  ha*  lieeo 
dusted  with  sulphur,  (tr  8t)akcd  in  a  dilute  solution  of  silver  nitnit^, 
be  recommended.     Iodide  of  potassium  in  small  dosc«  is  regarded 
prophylactic,  but  it  easily  causes  iodisro.     The  intMrnal  administrution 
sulphur  and  plenty  of  milk  are  useful  preventives.     Kx|K.'rienco  Itas 
that  in  factories  in  which  {H^riodic  medical  examinations  by  the  certify 
surg<^on  are  made,  and  the  workers  are  careful  in  keeping  Ibeir  mou< 
and  teeth  clean,  it  is  unusual  for  symptoms  of  mercurial  poif^iiuc 
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occur.  When  the  gums  have  bocomc  soft  and  inllftincil  a  mouth -wa^h 
composed  of  ulum  and  potassium  chlorate  has  been  found  useful. 

Upon  animals,  its  ujMtn  man,  mefcury  exurciBCg  an  injnriouN  influence 
when  applied  to  the  skin  ;  s;divution  ami  BComatitis  occur,  followed  Uy 
par.dytic  phenomena.  It  has  gouerally  been  supposed  tliat  when  th«j 
melAl  in  pure  and  awatlowed  in  bulk  it  is  noM-[H>isonous -,  but  in  a  case 
allu<lo<l  to  by  Mr-  Wynlor  Ulyth  tremor  and  loss  of  muscular  ijower  wore 
seen.  Occastoually  profuse  dermatitis,  with  desquamation,  has  beeti  the 
consequence  of  administering  mercur}^  tbera^toutimll}*,  by  the  skin  ;  death, 
uidee*J,  has  followed  the  practice.  The  symptoms  of  mercmialism  may  be 
met  with  in  any  jierson,  no  matter  by  what  channel  the  metal  entered 
the  system.  In  the  case  of  the  corrosive  salts  of  mercury — for  examine, 
mercuric  chloride  or  corrosive  sublimate— ^the  symptoms  are  immediate 
and  verj*  severe.  Three  grains  have  proved  faUil.  Death  may  occur 
within  twenty-fonr  hours.  The  patient  complains  of  a  sense  of  burning 
heat  in  the  tbriKtt  with  a  sense  of  constriction  in  the  act  of  swallowing  ; 
the  mucous  niumbrantw  loi»k  pale  and  shrivelled  as  if  tliey  had  been 
brushed  with  bmar  caustic.  CEdema  of  the  glottis  rapidly  o^mies  on, 
followed  sboitly  after  by  death  from  asphyxia :  or  there  is  severe  epi- 
gastric p:iin  jweomiwinied  by  rei>eate<i  vomiting  streaked  witli  blood,  and 
diarrhtna  with  bloody  stools.  The  temperature  quickly  falls,  the  breath- 
ing becomes  diHicult,  the  pulse  small  and  iiTegular,  the  urine  scanty  or 
completely  suppressed  ;  collapse  8U|)ervenes,  and  dcatli,  which  may  or 
may  not  be  preceded  by  convulsions,  occurs.  After  death  the  whitened 
cscharotic  condition  of  the  gjistro^intestinal  mucous  membrane  is  very 
noticeable,  with  here  and  there  cccbymoses  and  black  jiatches  due  to  the 
depcwit  of  sulphide  of  mercury, 

Similar  symptoms  have  foUowed  the  internal  administration  of  merciuic 
nitrate  and  its  external  application  to  the  cAucerous  womb  ;  and  the  more 
recent  and  extensive  employment  of  the  bichloride  of  mercurj',  as  an 
antiseptic  in  surgery  or  as  a  titerine  douche  in  midwifer)',  has  been 
followed  by  symptoms  of  an  extremely  dangerous  chamcter.  Oi  the 
antiseptic  value  of  bichloride  of  mercur\-  there  is  no  doubt.  Koch  hn» 
demonstrated  that  I  in  1000  parts  of  water  will  destroy  the  most  virulent 
of  germs  iu  nonalbuminous  media.  If  albumin  he  present  this  becomes 
coa^laU'd,  arirl  an  albuminate  of  mercury  is  formed  and  deposited,  which 
leaves  the  supcmatJirit  liquid  free  from  the  drug,  and  therefore  without 
antiseptic  power.  Laphice,  one  of  Koch's  assistants,  hiis  shewn  that  this 
accident  maj'  be  averted  by  the  addition  of  a  small  quantity  of  acid.  The 
acid  sublimate  is  therefore  the  surest  and  most  jxjwerful  antiseptic  In  a 
solution  so  weak  as  1  in  50,000  it  is  capable  of  destroying  the  microbes 
of  pus. 

Prevost  has  published  the  results  of  his  experinionU  upon  aninuda 
with  various  salts  of  nien^\ny,  atlministored  suVwutancously  or  given  by 
the  mouth.  The  rcsiilt-s,  if  the  dose  was  fairly  large,  were  diatrhau, 
great  debibty,  albuminuria  with  tube-casts,  ha-maturiB,  collapse,  and  death 
within  a  few  hours.     When  the  dose  was  smaller  the  symptoms  were  the 


Aaine,  but  loas  aovere ;  thtty  wore  aocompaniod  by  rapid  emocutioa  And 
doiith  \v-ithiii  ii  ft:w  dayts.  As  in  arseiiicAl  poiooniug,  the  AympUai 
appeared  frjiially  \vht:ii  the  mercury  wan  iiijuctf^i  subculaiieoaRly  or  i^'ij. 
by  the  stomnch;  but  a  sniallor  dose  sufficed  whon  given  hypodcrTn 
III  ijome  of  Prevosl's  animals  death  BU|it?rvenf)d  within  a  few  htnir*  aitrr 
the  Hid}tiutant!0ii8  injoutiun  of  the  pt'ptonjtlti  of  mercury,  und  wiu  appv 
enily  due  to  paralysis  of  the  heart ;  as  the  end  ctime  bef-Tfr  there  ww 
timo  for  any  lesions  of  the  internal  orgjius.  The  blood,  loo,  wjm!  dart 
and  dilHiient,  dimilur  to  that  observed  when  arsenic,  pUtinum,  or  si1t«t 
niti-ate  bus  been  injected.  In  v.  Mering's  ex])erimentfi  the  Vyniognifi 
registered  a  very  rapid  and  progressive  fiUl  of  the  arteriiJ  prrftsurt, 
even  aft«r  the  adniiniatration  of  atropine  or  section  of  the  T«gi — a  (Jtoii 
that  the  dirainisheti  arteiial  pressure  was  due  to  cardiac  failure. 

Treatment. — Piyaliism  is  relieved  by  mouth -washes*  of  myrrh  aid 
[lOtassium  chlorat^^  with  tonics  internally.  The  treatment  of  at'UCr  lu^ 
Gurial  poisoning  consists  in  encouraging  the  vomiting,  umaLly  present,  }if 
means  of  a|>omorphine  in  fonr-(hiip  do^es  hypodermically  adminiJ^und; 
or  by  sidphato  of  zinc  givt;n  hy  the  mouth.  Opnerally  the  vi^^unitinic  il 
such  that  these  emetics  are  unnecessary,  aa  also  the  use  of  the  nloau£^ 
tube,  so  netxlful  in  other  forms  of  jwisoniiig.  In  all  circumsuuices  Uk 
admini.stmtion  of  diluent  drinks  containing  wbit«  of  egg  is  cdled  for. 
If  there  be  much  pain,  opium  or  morphine  may  be  given.  In  tin-  >I^>» 
fonns  of  poisoning  the  symptoms  must  be  dealt  with  on  gonvr 
ciples.  The  nutrition  of  the  system  must  lie  carefidly  altcndw;  .- 
Poljissium  iodide  may  favour  the  elimination  of  the  poison.  For  ittir 
curial  tremors  phosphide  of  /.inc  iti  pill  form,  ^  to  ^  of  a  gnun,  li 
I'ecommended  to  he  taken  twice  or  thrice  daily. 


Copper 

Copper  is  widely  distributed  in  nature.      It  in  found  in   - 
and  in  spring  and  river  water;   occasionally  in  wheat  and 
other  articlefl  of  food  and  drink,  and  in  the  blowl  of  aeveml  of  lii 
tehrate-s.    According  to  Di-.  Dupre-  it  is  frequently  pit-sent  in  small  qi- 
in  the  liver  and  kidneys  of  man,   but  more  jxirtieularly  of  nm 
The  use  of  copper  cylinders  and  boilers  in  cooking  is  one  84iurce  b*  «i.i.j 
fcrod  and  drink  may  become  adulterated.     Salts  of  the  metai  mxv  occ»- 
sionally  employed  to  impart  a  green  colour  to  prosorred  vegetahlea,  fo^ 
aa  green  peas,  so  n»  to  render  them  attractive  to  the  eye ;  and  in  Fnin«' 
they  are  added  to  absinthe  to  improve  its  colour.     Cupric  »uli  ' 
administerei)  internally  as  an  emetic;  it  is  given  in  Mtry  small  'i 
a  tonic  to  the  nervous  system,  and  is  used  in  diarrhoea  as  an  osti 
Applied  in  a  weak  solution  externally  to  woundi^.  it  act<>  a^  a  KUinuuiii 
and  a^^trin^ent ;  but  beyond  those  purposes  the  metal  ia  little  emptofri 
in   meilicine.      A  con^idonible  amnunt  of  copper  is  present  in  onliBuy 
hmnzing  powders  for  lithographic  p\u-po6efi ;  and  it  is  a  largo  ingradiMl 
of  the  powders  which  are  used  for  the  lilac  and  purple  tires  of  tbo  pyn^ 


technist.  Horses  and  cattle  citn  take  large  doses  of  siUpbate  of  cop[KT 
(2  flracbiiLs  or  more)  without  any  app;irent  bad  eR'ects  ;  but  tbe  saiuu 
r|uanlity  hits  caiisod  very  Koriou.s  aymplonis  in  iht'  human  subjoctw  When 
tt<lmini8tercd  by  tlic  mouth  it  acts  na  an  irritiitit  poison,  causing  Wolent 
atul  persistent  vomitiug,  depression  of  tem]>eraturo,  iiml  <icutli  from 
respiratory  faihire  ;  but  when  givon  hypoilenniadly  vomiting  is  not 
mducod. 

Symptoms  of  copper  poisoning  in  man  appear  shortly  after  tbe  drug 
has  been  swallowed — in  from  one  quarter  of  an  hour  to  two  hours  :  these 
are,  a  meUiUic  taste  in  the  mouth  with  salivation,  severe  vomiting  of 
groen-coh>ured  matter,  colic,  and  purging  ;  the  stools  eoiitain  jLjIairy  mucus 
and  bh>o<l,  and  if  t)w.  dosn  has  been  large,  death  follows  these  symptoms 
in  a  few  hours.  It  is  often  preceded  by  convulsions  and  delirium,  para 
lysis,  syncojie,  scanty  or  suppressed  urine,  and  batmogloltinnria.  ShonliJ 
a  fatal  termination  be  warded  off  for  the  time  being,  jaundice,  followed 
by  great  nervous  depression,  may  supervene.  In  fatal  cases  there  is  well- 
marked  ^Hfltro-int^^stinal  iuHanunation  with  numerous  ecchymoses;  and 
the  liver  is  observed  to  be  fatty. 

jn  the  treatment  of  acute  coppir  poisouinj;  milk  and  eggs  are  efficient 
antidote.-^.  I'-gj^w  Hhould  lie  heateii  with  water  or  milk  and  administered 
freely  so  long  as  vomiting  continues.  The  alkali  which  is  present  in 
soap  renders  this  commonplace  article  also  usefid  as  a  means  of  treatment. 
Pure  prussiate  of  ]Kitassiimi  |>reci[>itatcs  copper  from  its  i^olutions,  and  in 
small  doses  may  prove  l>ciu^Hciiil.  After  antidotal  treatment  has  been 
tried,  opium  in  small  doses  may  be  neetled  for  the  relief  of  pain. 

As  an  Industrial  disease  poisoiung  is  practically  unknown  in  the 
copper-works  on  Tynesido  ;  nor  does  occupation  in  the  copjier-works 
appreciably  iuducnce  any  disease  that  the  individual  may  subsequently 
suffer  from.  OccasionHlly  a  metallic  taste  in  the  mouth  and  colic  are 
c'ompluinetl  of ;  but  I  have  soon  nothing  of  the  vomiting,  diarrhoea,  and 
wasting  mentioned  by  some  authors.  In  this  1  am  confirmed  by  HouMs, 
who  has  .studied  the  condition  of  life  in  a  village  full  of  copper- workei-s, 
where  for  the  hist  four  hnndred  years  this  industry  has  Iwen  carried  on  ; 
sons  succeeding  their  fftthorB,  so  that  an  ancestnil  integrity  has  been 
eatablished.  In  spite  of  their  long  honra  of  toil  in  an  unhealthy 
atmosphere^  of  green  lines  on  their  teeth  and  green  hair,  the  men, 
though  not  robust,  are  healthy,  the  average  age  at  death  being  60.  Not 
only  is  the  metal  foiuid  In  their  secretions,  but  long  after  death  their 
bones  whrn  raked  up  are  green.  In  copper-workers  the  gums  are  dis- 
colotired  and  nlccrate<l,  and  the  teeth,  especially  the  incisors  and  ermines, 
are  green.  On  more  ciircful  examination,  however,  it  i»  observed  that  it 
is  not  so  much  a  distinct  line  of  coloration  that  is  present  on  tbe  gums, 
as  a  de]H)sition  on  the  t^irtar  and  enamel  of  the  teeth  which  in  easily 
removed  by  bi-ushing.  Occasionally  in  old  copper-workers  the  iiiHam- 
mation  and  ulcemlion  of  the  gums  lead  to  the  exposure  of  a  considerable 
length  of  the  teeth.  The  coloration  is  due  to  the  deposit  of  partirles  of 
copi)er  upon  the  t«oth  and  their  chemical  combination  with  associuteil 
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roiitler.     Copper  ha.-*,  apparentiy,  none  of  the  serinuji  cficcut  ujiiiti  wwk- 
people  tbiit  lead  iind  arsenic  liitve  ;  but  symptoms  generally  uppear  if  ihv 
copper  is  combined  wiUi  zinc  as  in  hmsd-raonMiiig.     IJalippe  took  birly 
Ur^e  doses  of  coppei*  for  one  month  ^Wtboitt  any  bad  «tfeci« ;  ajid,  u 
dogs  to  whom  the  metal  was  julministerod  did  not  suffer,  it  is  i     ' 
that  con8i(lBral)Ie    tpmntities    may    bo   pHHseii    into   the   sysu-m    ^• 
causing  much  injury.      !)u  Moulin  experiment-ed  upon  himself  and  i.iij  . 
\irith  a  similar  result.      A   knowletige  of  theso  facts  has  influenct*! 
lar^c  extent  the  verdict*  of  oourCs  of  law  in  regani  to  the  adulten 
food  and  tinned   vegetables  by  copper ;   but  whil&t  on  the   Coi 
public  opinion  is  disinclined  to  I'Ogard  artiHcially  coloured  vcget-t 
<Iangerou8,  in  this  country  several  convictions  have  taken  plnoe.     S 
convinced  is  the  French  GoA'cmment  of  the  harmleftsnes*  of  ve^ 
coloured  gi*een  by  cooking  in  copper  vessels  that  in  1889  it  revokeil 
law  applying  thnrcto. 

Copper  is  therefore  regarded  by  many  as  not  a  dangerous  mei 
The  exjwrimenis  conducted  by  Laborde,  however,  clearly  indtcAt« 
it  is  not  only  an  irritant  poison  when  given  by  the  sf-omach,  Iml 
cardiac  and  muscular  poison  when  administered  liy  intravenous  injoclioa, 
It  is  requires!  of  cup|)er.  perhaps,  more  than  of  other  metjiHic  pouoM 
(in  contra<Iistinction  to  those  of  an  animal  nature)  that  the  dose  Dinat  b* 
large :  and  as  vomiting  is  sure  to  follow,  it  is  by  this  means  at  once  cxpflM 
from  the  s^'stem.  In  cases  where  copper  has  been  given  in  solution  anil 
upon  jin  empty  stomach  absorption  has  taken  jilace — for  the  metnl  hiw  been 
found  post-mortem  in  the  liver,  kidney:^  lungs,  and  blood,  which  on  the 
addition  of  ammonia  give  a  bhic  colour  indicating  the  prt-sence  of  t\» 
poison.  Admitting  that  traces  of  copper  may  be  found  in  the  liver  and 
kidneys  of  people  who  during  life  seemed  healthy,  and  thai  a  kind 
of  tolerance  hud  been  csUblished,  it  must  be  acknowledged  that  l>cynn<l  a 
certain  point  the  salts  of  copper  are  toxic.  To  pro<lucc  serious  sympionu. 
however,  large  doses  are  required,  say  40  to  60  grains  of  copper  sulphau 
repeated  in  a  few  hours. 

Men  who  are  engaged  in  making  sulphate  of  copper  take  little  or  do 
hami ;  there  is,  practically  speiiking,  no  a)>sorption  of  the  drug.  A 
mabwly  known  as  ^^  Ur(isi-f'nifu}fi:-i  a^nf"  is  met  with  amongst  those 
arc  engaged  in  making  mouldings  of  copper,  bnm/.e,  and  bniss.  M 
fis  far  back  as  1847  foimd  that  coppersmiths  suflercd  In  I8fi2  nrren 
drew  attention  to  brass-making  as  a  cause  of  ill-health  amontrst  the  w 
]>eopIc.  Previous  to  both  of  these  writens  it  is  true  that  Thackrah 
written  ii[>on  the  relatiunship  of  intermittent  fever  and  br;i8s- founding; 
but  it  is  to  Drs.  Hogl>en,  K.  M.  Simon,  Arliilge,  und  W.  Murray  irf 
liirmingham  that  wc  arc  indcbterl  for  a  full  acnount  of  the  malady,  lu 
brass-making,  copper  :ind  zinc  and  small  ipiuntities  uf  lead,  tin,  and  linu»- 
dnst  are  melted  together:  and  it  is  during  the  act  of  |ioimng  Uili 
<:ompound  from  the  crucible  into  motdds  that  the  unc  defl:Ljj;ratea.  A 
<leuse  white  cloutl  of  oxide  of  zinc  fills  the  atmoephoro  and  collecia  upon 
the  rafters  and  ceiling  of  the  workshop  in  the  forai  of  a  white  incnoi^^ 
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ion.  It  is  notorious  that  the  men,  who  are  called  "  mixers,"  and  who  even 
ify  to  j>rotcc't  themselves  by  woarinj;  respiraUtra,  suffer  considcrahly  in 
ll-venliUited  shops  from  ague  and  hroncliitis.  Thowe  wlut  rcmch.  tho  pig- 
>ra»Ft,  and  are  called  "  fonndens,"  also  suffer  from  hronohitis  and  a>*thnia, 
kut  less  severely  from  agin*;  although  from  the  molten  eom]>ouM(lK  rtouils 
\i  Jiinc  are  given  off.  The  metiil  afior  being  ])olish<'<l  is  sent  to  the 
•dipperii,"  who  work  in  an  open  shed  :  they  dip  the  braes  fii-st  into  a 
veak  and  then  into  a  sLronger  solution  of  ^rtulpliunc  acid  and  soila ; 
iftorwurds  it  is  pliiccd  into  pure  sulphuric  acid,  ami  washed.  Tliot^e  men 
|o  not  Hutlor  fnmi  ague  or  Intfstinal  troubles;  but  it  isadmitlcil  tbat  the 
rork  is  dangerous  in  hcaltli  from  the  great  bronchial  irritation  caused  by 
■he  acid  fumcB.  According  to  Dr.  Simon  it  would  appear  that  those 
vho  arn  engagfd  regularly  at  bni88-making  do  not  suffer  rmm  ague ; 
t  affects  mther  those  who  are  new  to  the  work,  or  who  have  abscnt-*'d 
hemselves  from  it  for  a  time.  Thus,  a  degree  of  tolemnce  sc^ms  to  be 
«tablislied  towards  it.  In  a  newcomer  the  exposiu'e  of  a  few  hours  to 
lie  molten  niftJils  suffices  to  produce  the  ague.  The  indiNndual  soon 
►Bc^mes  languid,  depressed,  and  cold  ;  be  is  pale  and  collapsed,  his  face 
s  covered  with  a  cold  perspiration,  he  shivers,  hie  teeth  chatter,  head- 
ache, nausea  and  vomiting  follow,  and  after  this  there  usually  comes 
elief.  The  hot  and  sweating  stages  of  ague^  if  present,- are  scarcely 
ecognisable.  In  no  manner,  therefore,  cnn  this  attack  due  to  nietiillic 
poisoning  be  compared  to  malarial  ague.  The  teeth  of  the  men,  in 
ipito  of  the  use  of  the  touth-hrush,  arc  always  discoloured  green.  The 
vhite  hair  of  the  workpeople  is  frequently  coloured  green.  Although 
.bis  so-called  ague  is  of  common  <x'eurrencc,  tiie  men  seldom  go  to 
lospitjd  on  account  of  it.  They  know  how  to  treat  themselves.  Some 
)f  the  men  who  arc  engaged  in  the  dusty  part  of  the  factory  ultiniately 
tuccumb  to  chronic  brnnchitis  and  fibroid  phthisis.  Tlio  records  of  their 
)wn  BeneKt  Society  shew  that  they  are  a  short-lived  body  of  men. 
Vervons  disorders  also  occur  with  considerable  freqiieiicy  amongst  them. 
Drs.  Suckling  and  Scblockow  alluite  to  the  frequency  of  ataxia,  and 
[logben  to  progressive  puesis  of  the  legs,  tremor,  and  muscular  wasting 
ks  also  occurring  in  them.  Untss-workei's  suffer  frc»m  gastro-intestinal 
listurbance,  nause^i,  vomiting,  a  metallic  taste  in  the  mouth,  colic, 
ionstipjition  or  diarrhn^a,  headache,  and  muscular  jxiins — a  series  of 
lymptoms  which  I  have  also  observed  in  men  who  work  in  boot  and  shoe 
lactones,  and  who  whilst  engaged  in  soling  boots  hold  brass  nails  in 
^heir  mouths.  These  men  l^ecoroe  pale,  and  are  frequently  the  subjects 
>f  colic  and  gastro-itiKsjtinal  trouble. 

It  is  dithciilt  to  say  how  far  the.  symptoms  met  with  amongst  brass- 
Hforkers  are  due  to  cop[)er  or  zinc.  Sir  Thomas  Stevenson  maintains 
:.hat  it  i.4  impo-ssible  1o  distinguish  between  xinc  and  copper  [toihoning. 
rJreenhow  believed  that  the  symptoms  were  due  to  zinc,  Hogbon  to 
Clipper  ;  whilst  I>r.  Simon  regards  the  ague  symptoms  as  due  to  tbt» 
idmixture  of  the  metals,  and  the  more  chronic  complaints  as  due  to  the 
copper.      The   workmen   themselves   have   found   gut  that  milk   is   the 


remedy  <lunng  the  attack  nf  Ague;  1>iit  imhistrial  prophylaxis — Michu 
complete  veHtilatioii,  the  wearing  of  resi>irutors,  and  persoiinl  cleanhnn^ 
— is  im[>erHLive.  In  chronk-  hnLss  jxiisoiiinj:  with  laryngeal  anil  lir^.r  ' :  ' 
Rymptoma  potassium  ioilido  has  been  found  servicealjl(%  while  in  tji 
cases  pLosphuric  nc'nl  or  minute  doses  of  phosphorus  taken  thrice  (Uilv 
usually  relieves  symptoms  with  gieat  rapidity. 

For  the  detection  of  copper  the  tcxt-lKW>ks  on  toxicologj-  may  be  ^un 
suited.  It  if)  sutlicient  here  to  mention  that  with  Huids  containing  c<i[^ 
— (l)  ammonia  gives  a  tilue  colour;  (ii.)  ferroe>'aDide  of  pt)laHsium  > 
browTi-red  colour  or  precipitate  :  (iii.)  the  addition  of  tu.rtnit*r  of  soda  aoil 
sodium  hydrate,  and  boiling  with  a  few  gniins  of  ^'nipe  sHpir.  j^ive  »  wrf 
pivcipitiitc  of  oxide  of  copper  :  and  (i^')  :*  needle,  or  the  clean  wire  cd  h 
galvanic  battery,  if  immersed  in  the  suspected  fluid,  soon  becomes  ec*t«l 
with  a  red  metallic  Him. 

In  certain  bacterial  diseases  copper  is  a  prophyliiL-tic.  It  is  atUiveIr 
germicidal  to  typhoid  and  colon  bacilli.  l>ilute  solutions  of  copper  wli* 
have  been  found  to  he  dci^nictivH  to  U'lcteria  othiM'  thiin  the  abovii 
A.  U.  Stewart  found  that  in  thre*"  hours  the  rnimbcr  of  germs  in  r*w  lap- 
wat4?r  would,  if  kept  in  copper  vessels,  fall  from  384, (»>0  to  ls»*iOOiwr 
cubic  centimetre,  and  that  water  cont^'Lining  colloidal  rop|M>r  has  a  mon 
rapid  action  on  typhoid  organisms  than  upon  those  present  in  Hrer  wabr. 
In  epi<lemics  of  typhoid  fever,  water  can  be  purified  of  typhoid  orpuivam 
by  allowing  it  to  stJind  in  copper  vessels  for  three  hoim*.  Experiflorr 
has  demonstrated  the  harmless  effect  upon  health  of  copper  •  trwkd 
drinking-water. 


Zinc 

Accidents  occasionally  follow  the  utie  of  sine  ealts,  especially  oi  t^ 
chloride  and  sulphate.  For  years  ])A5t  experts  have  been  in  search  r4  m 
pigment  as  a  subsitituto  for  the  white  ciubonate  of  lead  so  freely  a***-*!  in 
painting;  ami  both  the  sulphide  and  oxide  of  xinc  have  been  recommendetL 
This  subject  was  carefully  inquired  into  by  the  White  Lead  Commii^siun : 
and  whilst  it  is  admitted  that  for  internal  decoi-ativo  purpo^iCs  oxide  U 
Kinc  gives  on  the  whole  satisfactory  results,  it  has  not  the  covcriof; 
power,  the  permanence,  nor  the  resistance  of  white  lea<i  to  >  .if 

temperature  and  inclement  weather.     In  Ki*ance  it  hiis  Iwen  lo 

substitute  zinc  rtxidu  for  whit^e  \viu\  wherever  pnicticable.  Zinc  while 
(oxide)  in  ukciI  in  calico  printing,  in  the  decoloration  of  gla&s.  and  in  the 
manufacture  nf  artificial  rneerschanm  pipoa.  As  zinc  is  Urgoly  pmeat 
in  vessels  in  which  food  is  sometimes  cooked,  contamination  of  the  food 
may  occur  ;  for  the  metjil  on  being  exi^sed  Ui  the  air  V«coinea  ecnUtd 
with  a  film  of  oxide  of  zinc  which,  though  insolubU*  in  water,  lHxv>ri>c* 
reafiily  soluble  if  a  trace  of  chloride  of  sodiimi  l»e  present.  The 
presence  of  chlorides  generally  favours  the  solvent  action  of  imicr 
upon  zinc,  whilst  carbonate  of  lime  diminishes  it.  Milk  may  ihni 
Ivecomc  rcjulilv  contaminated.     Milk  contained  in  zinc  vesseU  does  oot 


bocome  sour,  probably  because  the  zinc  oxide  combines  with  the  lactic 
acid  forming  the  very  sparingly  soluble  !act4itet  and  thim  with- 
draws from  the  milk  the  lactic  acid  upott  which  its  sfiunng  depends. 
According  to  Ilarnaciv  zinc  s^dts  produce  piiralysis  of  tijc  curdiac 
ami  volunlary  nui8*;le8.  The  oxide  of  the  metal  in  the  projwrtion  of 
0*08  gi-ammo  to  0'O4  kilo  of  the  aninml  may  cause  death  in  rabbits. 
In  ray  own  experiments  zinc  oxide  was  administered  to  animals 
over  H  very  long  perio<i,  and  in  considerable  doeeK ;  but  when  the 
drug  was  jwrfectly  pure  there  were  none  of  the  rapidly  fatal  results 
which  Kalck  and  others  described.  One  of  the  re.isons  why  zinc  oxi<le 
h&s  been  so  strongly  recommended  to  houso  painters  is  its  harm- 
lewnesa  compared  to  lead  caibonatc.  I  am  not  ])repared  to  say  that 
Jimc  white  is  aKsolutoIy  innocuous  ;  but  rabbits  tak«^  it  by  the  mouth  for 
many  months  without  seeming  to  snfl'er  much  discomfort  j  and  in  the 
mixing  deiKirtment  of  large  colour-works  men  who  breathe  the  dust  and 
whose  dolhes  are  covered  with  the  white  powder  (lo  not,  as  a  nde,  suffer 
any  inconvenience.  It  may  socm  to  cause  hoadat-he,  nausea,  vomitinj;, 
and  cramp-like  pains  in  the  limbs  ;  but  as  xinc  oxide  is  frequently  impure. 
contaiinin^  smail  rptantities  of  lead  and  tu'senic,  the.se  symptoms  are 
more  i>robably  duo  to  the  adultenition  than  to  the  metallic  comjwund 
itself.  Spelter  workers  in  this  country — that  is,  men  who  smelt  zinc  ore 
— occiuiionally  suffer  from  plumbism,  tine  to  the  smzdl  quantities  of  lend 
which  the  ore  contains  ;  >nit  there  are  few  or  no  Ktd  effects  from  the  pure 
zinc  fumes.  Zinc  smelters,  according  to  Schlockow.  rarely  live  beyond 
the  age  of  forty-five  years.  'I'hey  fretpiently  die  fi*om  catarrh  of  the 
bronchial  or  pidmomiry  mucous  membrane  accomiMinied  by  peculiar 
nervoua  symptoms,  beginning  with  burning  sensations  and  heightened 
reflex  excitability  in  the  legs,  and  followed  by  signs  of  myelitis. 

Death  from  chronic  zinc  poisoning,  or  from  the  sulphate,  is  extremely 
rare.  However  irritant  a  poison  the  lattt^r  may  be,  it  is  such  a  strong 
emetic  that  by  nitvins  uf  the  vomiting  which  it  causes  its  elimination  is 
at  once  accomplishwl.  Sulphate  of  zinc,  t<t  the  extent  of  one  ounce,  has 
been  taken  by  misUike  for  Epsom  salts.  The  patient  suffered  from 
violent  vomiting  and  purging,  severe  cram[is  in  the  legs,  and  great  prostra- 
tion ;  but  he  recovered.  The  wilt  h.m,  however,  causid  death,  the 
symptoms  being  vomiting,  purging,  collapse,  juid  death  in  thirty  hours. 
.Subsequently  zinc  w;is  found  in  the  stomach,  liver,  and  spleen.  Punfold 
relates  the  case  of  a  girl  who  dieil  31  hours  after  taking  sulphato  of  zinc 
to  produce  abortion. 

Zinc  chloride  is  a  stronger  poison,  and  is  capable  <»r  killing  by  its 
primary  and  secondary  effects.  It  has  a  powcrfnl  affinity  for  walei*, 
and  dehyilrates  the  tissues  with  which  it  is  brought  into  contact ;  to 
this  p<^culiar  inrtuence  its  auistic  action  is  due,  Burnett's  disinfecting 
fluid,  which  contains  large  quantities  of  zinc  chloride,  has  been  a  frequent 
cause  of  poisoning  in  this  country.  Death  has  followed  the  re{>CJitod 
external  application  of  Canquoin's  paste — a  mixture  uf  zinc  chloride,  flour, 
unrl   water — as  a  cure  for  cancer  :   the  symptoms  observed  during  life 


being  tho»e  met  ^rith  in  i^Inc  [K)isoiiiii}{.  iinuiely,  a  luimin^  jniii  in  tk^ 
lifH.  tongiio,  and  throat,  excessive  salivation,  l)loody  vomit,  durrin^ 
cullapse.  and  deKth  within  u  few  hotits.  \\')rmi  death  has  iiul  nftiHix 
foltowed,  u  iieculifir  group  of  ayniptonis  hM3  ariseu ;  for  exmrapl^  »  p* 
verted  sense  of  taste  and  smell,  aphonia,  sjwisma  of  the  voluntary  rrrt  r - 
groat  fatigue,  and  imptured  vision.  A  doi«!  of  fi  grains  ttf  ?inc  ■ 
hjis  caiiflod  death,  while  as  hir^o  a  (jiiantity  aa  200  ^^ioH  h.i-  i  • 
recovered  from.  Zine  chloride  may  be  present  in  cattncd  vigi Li.h. 
owing  to  zinc  dissolved  in  hydrochloric  acid  having  b«eu  umul  ior  wider 
ing  the  tin. 

Morbid  Anatomy. — ^When  sulphate  of  zinc  hiia  proved  f&tAl  that 
have  iwen  evidences  of  inflanunation  of  the  stomach  and  bowcle.  ■ 
panied  by  a  peculiar  tripp-like  WTinklin*;  of  the  mucotis  mfi\. 
whilst  the  surface  presented  a  unifonn  <iirly  grey  colour.  In  d^-auL  In* 
chloride  of  zinc  the  lining  meiiihriine  of  the  mouth  and  thruat  U  whau 
and  opaque,  the  stomach  is  bard  and  leathery,  congested  or  idc'fnucd 
When  the  fatal  issue  has  been  postponed  for  a  time  cicatricial  oonuacnflB 
of  the  (Ksoplia^^s  and  Htomach  has  occurred. 

The  treatment  of  the  acute  iroisonous  •tvniptoms  due  to  zinc  ulu 
consists  in  tlio  administration  of  eggs  and  milk,  tannin  or  ^ceii  u»;  UA 
in  the  allaying  of  giistric  irnUihility.  The  more  chronic  ftjnnptoms  noift 
bo  treated  on  general  principles  as  they  arise. 

For  the  detection  of  zinc  in  organic  lii.(uids  or  solids  the  aUbonto 
methoils  descrilwd  in  tcxl'lxHik.s  on  cheniUtry  luid  toxicol<^  nnM 
be  used 


Antimony 

In  this  country  there  ai'c  very  few  antimony  works;  of  tb««0  oa.* 
of  the  largest  is  ou  Tyiieside.  Ffere  large  (piantities  of  sulphide  i^ 
antimony,  the  raw  material  that  comes  from  the  mines  nf  .lapau,  ut 
smelted  along  with  iron  filings  ;  the  result  being  sulphide  of  iron  and  punr 
antimony.  The  men  who  smelt  the  ore  suffer  no  bad  effects,  practically 
speaking,  from  the  fumcf  of  the  metal.  The  workmen  are  not  broo^ 
into  such  close  contact  with  the  molten  metjul  as  in  the  smelting  of  tone 
other  ores ;  besides,  tire  influstry  is  carried  on  in  well-ventilated  shopL 
The  only  trouble,  and  it  is  more  of  the  natui-c  of  an  inconvenience,  thai 
is  felt  by  the  men  is  that  as  their  work  is  hot  and  they  perspire  fpTlr, 
the  skin  is  extremely  liable  to  become  the  seat  of  an  her[«?iic  enipULUi. 
at  first  vesicular,  snlwequently  pustular,  and  excessively  itchy.  Tbi» 
eruption,  which  is  cidtetl  by  the  workmen  the  **  pox,'*  occurs  wbere  the 
skin  p<^rsptres  most  freely — behind  the  neck  and  along  tbc  upper  part  d 
the  abdomen.  Kulenlmrg  states  that  workmen  who  have  long  hew 
cxposeil  to  the  fumes  of  the  oxide  of  antimony  suffer  from  vmical  aiul 
urethral  jKLins,  an<l  atrophy  of  the  testicles  leading  to  im]>ot«ncv.  SncnJ 
of  these  men  whuni  I  have  examined  were  |Hile ;  but  only  one  or  two  of 
them  had  suffered  from  colic  and  g;istro-intcatinal  disturlkance,  and  this 


very  slightly.  Antimony  smelting  does  not,  thcreforo,  appear  in  itself 
to  be  H  itangeroiis  indtutrv.  The  pura  inettU  is  employe<l  for  making 
printers'  tv|K9 — in  the  finishing,'  of  which,  howovor,  th»  dust  is  inhaled, 
which  is  said  to  cause  colic  exactly  rescmblini;  that  of  plumhism.  Prob- 
ably this  is  due  leather  to  Itnid,  which  is  present  in  type-metnl,  than  to  the 
antimony  itstlf.  Mr.  Pond  <»f  Livor[KM»l  and  Dr.  .T.  ('.  Thre«h  have 
drawn  attention  to  an  uncxp«:ttd  source  of  chronic  antimony  poisoning, 
viz.  tho  use  of  india-rubbor  rings  on  bottles  contjunin^  aerated  beverages 
Knbbcr  haa  l>een  found  to  contain  15  to  25  percent  of  sulphide  of 
iintimony.  From  nxbbcr  rings  that  have  become  worn  the  metal  is  more 
easily  dissolved.  As  much  us  I  millij^ramnie  {j^ih  j.Tain)  to  0"  milli- 
griimmc  {xTni  firain)  has  been  recovered  from  a  solution  in  which  rubber 
had  been  sojiked.  Mr,  Pond  is  of  the  opinion  that  the  daily  ingestion 
of  small  quantitiHS  of  antimony  sulphide  in  these  circumstances  is  a  Rtuse 
of  appendicitis  mid  gastro-cnteritis  with  possibly  ulcet-ation.  Mr.  Pond's 
views  as  regards  appendicitis  require  confirmation. 

Of  the  anLimoriial  salts,  taruir  emetic — a  laitr.ite  of  [wtiissium  and 
antimony — is  the  most  important.  Two  grains  of  this  hnve  |noved  fatal 
to  an  adult,  und  two-tliirda  of  a  grain  to  a  child.  Horses  iind  cattle 
exhibit  a  wonderful  tx)lenince  of  the  <]nig :  they  can  take  from  fiO  to  90 
^jains  three  times  a  day  without  much  inconvenience.  Whether  tnrtar 
eraetic  l>e  administered  to  man  or  tho  lower  aninmls.  by  the  mouth  or 
subcutaneously,  tho  effecl  is  tho  siune — vomiting  takes  plitce,  and  the 
heart's  action,  which  is  at  first  quickened,  Incomes  slower  and  paralysed, 
probably  from  the  direct  action  of  the  dnig  upon  the  heart. 

When  given  in  small  doses  to  aniuuds,  and  for  a  long  time,  diarrhu-a, 
great  hebetude,  b>as  of  ap[>etite,  and  emaciation  have  l>ecn  observed ; 
pregnant  animals  have  miscarried.  Death  has  been  preceded  by 
(:<*nvui«ions,  and  small  nicers  have  \yecn  observed  in  the  mouth.  In 
uuiii  the  symptoms  resendjle  those  produced  by  arsenic.  If  the  dose 
of  tartitr  emetic  has  l>ecn  large,  vomiting  may  not  occur,  or  it  may  be 
accomplished  with  difficulty  :  there  may  be  violent  paitis  in  ihi*  ahdomen 
and  purging,  with  ngidity  of  the  muscles  of  the  abdomen  ami  arms, 
followed  by  profuse  perspiration,  continuing  for  several  (lays.  Applied 
to  tho  skin  in  the  form  of  ointment  it  may  give  rise  to  a  pustular  eruption 
ami  l»o  followed  l)y  vomiting  and  purging. 

If  very  -'^mali  doses  be  given  for  a  long  timo  a  metallic  taste  in  the 
mouth  is  complained  of,  also  frecpicnt  vomiting — the  vomil  being 
sometimes  bloody — great  faintness  and  bodily  weakness,  pains  in  the 
alwlomen,  and  diarrhoia.  Should  the  case  advance  to  a  fatal  termination 
death  is  often  precedeil  by  suppression  of  urine,  a  marked  fall  of  the 
temperature,  cyanosis  of  the  face,  delirium,  and  convulsions.  Frequently 
there  is  a  pustular  eruption  lui  the  skin.  The  Palmer  and  Prtlchanl  trials 
demonstrated  that  even  mc<lical  men  might  mistake  the  symptoms  of 
chronic  atitimnny  poisoning  for  natural  disojise  —  the  symptoms  being 
nausea,  vomiting,  chronic  diarrhu'a  alternating  with  constipation,  a  small. 
frequent  pulse,  loss  of  voice,  great  muscular  weakness,  coldness  of  the 


bkin,  and  clammy  perspiration.     In  other  cnsen  flushing  of  ifau  hot 
mental  oxcitoment,  suggestive  of  mild  alcoholic  intoxication,   hu  Wo 
observe*  1. 

Morbid  Anatomy. — The  postniorti-m  apfioarjincee  met  with  in  |ioiiuc^ 
in^  by  tartar  emetic  are  inflammation  of  the  stomach  and  intestines,  vni 
small  ulncrs  and  pustules ;  or  larger  ulcers  that  are  slougliing.  TV 
solitary  glanrls  of  the  iiiLostine  nifiy  he  cnUrgwl  and  yellow,  vrhiUt  lix 
liver,  kidneys,  and  hejut  shew  fatty  change. 

I^ike  the  other  nieUillic  poisons  antimony  is  eliminat^cl  by  the  uritw , 
hence  in  cascb  of  su.spected  untimonial  poi^ning  the  urino  of  two  or  ibm 
days  should  be  colleeted,  concentrated  by  cva|>onition,  and  acidified  with 
hydrochloric  acid.  This  fluid  is  subsequently  tmnsfem'd  l<i  a  plntintta 
dish  in  which  is  phtced  a  slip  of  zinc  or  tinfoil.  i3y  means  of  animoninn 
eulphiile  the  liiitiniotiy  is  diHsoIvtnl  out  as  the  yellow  8ulphi<le.  For  nior« 
complete  analyse.^  Uein.sch's  or  Marsh's  tests  may  l>e  employwl. 

TowanJs  antimony  people  exhibit  a  peculiar  idiosyncrasy.     Somr  »» 
eaaily  affbcted  by  the  mitiuteHl  close,  others  are  extremely  tolenint  of  *. 
It  is  well  to  rcmembtr  that,  as  tartar  emetic  rapidly  leaves  tlie  bmlv  l>y 
vomiting  and  purging,  only  the  smallest  trace  of  antimony  niiiy  b<-  ' 
in  the  IkkIv  after  death  :  a  fact  of  which  lawyers  engaged  for  the  •■ 
in  onminal  CJises  are  apt  to  niuke  the  most. 

Treatment. — As  poisoning  by  antimony  is  generally  due  to  twiw 
emetic  it  is  more  than  probable  that  the  {Uktient  will  have  vomitcrl  frftJf: 
if  not,  the  stomach  -  tube  must  Iw  employed.  Once  the  ^tomnch  b 
thoroughly  washed  out  tlicre  should  1>e  passed  into  it  Aomrt  «tmi$ 
infusion  of  lea  or  laimin.  Shuiild  vomiting  not  have  occniTi-*!,  nf  llw 
stoniachjuimp  be  inaccessible,  a  hyiMxlennic  injection  of  ajHimorjibitir, 
I'^th  of  a  grain  repeated  every  ten  minutes,  or  jih  of  a  grain  ai  * 
single  adrainLstration,  is  Willed  for.  Subsc<iuently  dcmidrcnt  drink*  «k 
of  great  service.  As  considenible  bodily  depression  and  n  f.'Ul  of  tbe 
temperattire  are  apt  to  take  place,  the  heat  of  the  IhxJv  mnsi  }m  muB* 
tainod  by  the  appliciition  of  hot  lottles  and  warm  blankets,  and  iV 
adniinistnition  of  stimulants  by  the  rectum.  Should  signs  of  rardiM 
failure  be  present,  the  application  of  the  interTUpte<l  galvanic  cunrnt  vt 
the  chest  must  be  resorted  to. 

There  is  a  form  of  antimonial  poisoning  in  which,  according  to  Hiu*- 
manri,  neither  vomiting  nor  purging  occurs;  where  the  aymptora*  wt 
those  of  intense  prostration  as  intlicated  by  a  cold  clnmniy  swraL 
embarrassed  and  infrequent  respiration,  feeble,  slow,  and  inUirmittcJit 
pulse  ;  and  in  which  delirium,  tremors,  or  convulsions  followed  by  ui»- 
consciousness  appear,  or  the  patient^  after  protracted  vomiting  uhI 
purging,  dies  from  sheer  exhaustion.  For  such  cases  stimulant*  and  vnV 
cutanoous  injections  »»f  ether  an-  necessary. 

Industrial  poisoning  from  antimony  hardly  ever  occurs.     Workio| 
well-ventilated  "  shops,"  attention  to  the  state  of  the  Vtowels,  regular  lii 
and  teniperance.  and  porsorml  cleanliness  on   the   part   of  those   onji 
in  smelting  the  antimony  ore,  are  desirable ;  and  for  the  «kin  <^niptii 
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"  |»ox  "  as  it  is  calle^J — wliich  is  iliie  to  oxcessivc  perspimlion — sponging 
with  li  solution  of  bicari>oii:iU!  <ir  hiliomte  of  soda,  or  of  hitracic  ucid  and 
bismuth,  is  generally  sutHcient  to  give  relief.  Alwtention  fmni  work 
might  ho  necesajiiy. 

Carbolic  Acid 

Carlwlic  acid  is  obtained  from  phenic  acid  or  phenylic  alcohol, 
a  produi-l  of  cfml-tar  distillaiiun.  It  is  used  in  the  nianufucliire 
of  dyos  and  salicylic  acid.  Although  known  in  1834,  it  vas  not 
until  Ififi3  that  Lonl  Lister  inlrixluced  it  into  siir*;t'ry,  since  which 
time  it  has  become  widely  used  i\j&  a  disinfectant.  Being  thus  so  easily 
within  the  reach  of  tiic  puUlic,  carlK>lic  acid  poisoning  hjid,  until  its  bbIo 
to  the  public  Wits  restricted,  become  extremely  common.  ])articnlarly 
among  women.  Tbc  history  of  uurbolie  acid  poisoning  is  comprised  within 
our  own  times.  From  the  first  rccor-dod  case  of  accidental  poisoning  in 
1S64,  and  of  two  suicides  in  1869,  there  has  been  a  rapid  increase  in  the 
annual  niunber  of  deaths  from  this  cause.  In  the  tive  years  ended  1870, 
suicide  by  carbolic  acid  first  appears  in  the  Regi.strar  General's  Reports 
to  the  extent  of  10  per  cent  of  all  suicides  by  poi80n.  fn  the  quin- 
quennium ended  187-'>.  128  deaths  are  re|X)rte<],  nearly  'Zh  per  annum; 
42  of  these  are  suicidal,  23  females  and  19  males.  It  was  in  this  period 
thftt  the  Public  Health  Acts  were  passetl  (1872-I87r»),  and,  ««  a  conse- 
queuce  of  the  general  interest  aroused  in  sanitanon,  carl)olic  acid,  then 
^yegardc<l  as  a  reliable  disinfectant,  came  within  easy  reach  of  the  people, 
'jitid  began  to  serve  as  a  means  of  seif-<lostniL-ti(m.  An  increase  of  135 
per  cent  occurs  in  thi^  number  of  deaths  by  this  jioisou  tluring  the  five 
years  ending  1880,  the  deaths  being  181.  of  which  81  (53  females  and 
28  males)  wore  suicidal ;  that  is,  7 '8  jwr  cent  of  the  suicides  fiTim  all 
poifions.  In  the  quinquennium  ended  1885,  302  deaths  from  carbolic 
acid  poisoning  are  registered,  of  which  191  (99  femules  ami  1)2  males) 
were  self-caused  :  that  i.^i,  l.'iC  per  cent  of  all  suicidal  |M)isunings.  Kor 
the  five  year's  ended  l8iK),  342  deaths  are  recorded,  of  which  215  wero 
suicidal ;  an  average  of  43  per  annum,  and  ir)"4  per  cent  of  all  stucides  by 
poison.  During  the  four  years  ended  1894  the  number  of  dciibhs  from 
carliolic  acirl  poisoning  hatl  still  increased:  549  de.tths  having  l>oen 
reported,  of  which  420  or  76*5  per  cent  are  suicidal,  equal  to  105  annually. 
The  history  of  carbolic  acid  poisoning  is  a  gloomy  reconi,  for  whiisl  in 
the  period  lHr»l-(».5  the  suicides  by  carbf^lic  acid  wore  0*00  per  cent  of 
all  suicides  from  poisons;  they  fomied  in  1806-70,  1  ]>er  cent;  in 
1H7I-7.5.  5-82  iK»r  cent ;  in  187(J-80,  7  93  per  cent:  in  1881-85,  15-37 
percent:  in  1880  90,  I5'49  percent;  and  in  the  quinquennium  ended 
1904,  2666  j>er  cent  According  to  Dr.  John  Tathani  there  were 
registered  in  the  quinquennium  ended  1904  833  deaths  from  rarl»olic 
acid  poisoning.  410  males  and  423  females.  Of  these,  334  males  and 
361  females — together  695  persons  uv  83  percent — were  cases  of  suicide. 
Ciu-IkjHc  acid  stands  first  on  the  list  of  agents  causing  death  by  i>oisnn 
in  tlie  quinquennium  ended  1904. 


ioi8 


SYSTEM  OF  MEDICINE 


Since  the  introduction  of  the  intestinal  iintiBeptic  ti-tiatment  for  the 
various  foims  of  auto-intoxicatiuii  duo  to  tho  absorption  of  jioinn 
elaborated  within  the  alimenUiry  canal,  carholic  acid  pure,  or  in  combn^ 
tion  witli  so(hi  y\A  sulpho-cairlioliile,  has  been  freuly  prt«cril)«l.  Of 
tho  heneticial  ejects  of  this  line  of  treatment  there  is  no  doubt  TV 
drugH  HhouM  be  given  with  a  certain  amount  of  care,  and  not  W 
too  protracted  a  [KM-ioiI,  as  the  uritiu  may  become  discoloured  .ui '  ■ 
patients  coraplaiit  of    much    mnlair^e.     In    the  early  davb   of  un: 

surgery,  when  the  carbolic  spray  was  eraployod  in  ca*es  of  OTan-'t 

it  wafi  110  uncommon  thing  for  tiiose  assisting  at  the  ojiemtion  to  Mid'.- 
from  hejidachuf  a  general  feeling  of  malaise,  altered  eonsibilitr  of  Uir' 
skin,  and  occasionally  vomiting. 

Morbid  Anatomy. — Iti  animals  killed  by  carliolic  acid  the  fjoatrOiorUB 
appearances  have  uccasionully   been  simply  an   intense   I    "      " 
alimeiilHry    and    lironchlal    mucous    membram's,    and    C" 
lungs.     The  colls  of   the  liver  and  kidm-ys  undergo  faity  rhani. 
man  similar  appearances  have   been  foimd  after  death.       ITie   i 
membrane  of  the  mouth,  (esophagus,  and  KU>mach  may  present  ni' 
white  spots,  with  occasionally  u  dark  centre  and  an  intlamnulor\   1- 
duo  to  thf  local  action  of  the  [Kiison.     The  liver,  kidneys,  and  Rpb d.  - 
be  congested  and   tillr-d   wit.h   tiark   liqui<l   hlfKxl.      In   one   of  \\\\    h, 
piilients  who  died  on  the  8Lh  day  after  swallowing  an   ounce  of  i.<    >  n 
acid    the    vomit    on    microscopical    ox;Lrtiinntion    ahewcil    numerous  larp- 
rtattened  epilheliid  cells,  extremely  fatty,  which   hud  evidently  (;^»n>''  ''"" 
the   mouth   and   ix*sophagiis ;    and   aimihirl}*  in    the    urine,   in  .i>! 
to    musses  of   debris,  were    many  round    cells,    shewing   marked    lu.v 
degeneration.      The    urine,   although    albuminous,   contjuned    a    immal 
yK.'rcent!igc  of  urea.     On  (he  Hfth  (Uy  several  sloughs  of  gastro-in' 
mncdus  monibranc  two  inches  in  length  and  of  a  yellowish-browo 
were  passed  by  tho  amis  without  any  bleeding.     Tho  day  before  dealii 
the  heart  rapidly  dilated,  a  mitral  systolic  murmnr  appcjiri^l,  and 
sounds  became  extremely  feeble. 

Symptoms. — Carbfjlic  acid  causes  severe  sympt^mis  whether  swnMoi 
by  the  mouth,  breathed  as  vapour,  ailministercd  in  enema,  applied  to  Uw 
broken  skin,  or  takei»  in  large  doses  in  the  form  of  cnr}>olate  of 
Less  than  half  an  ounce  of  pure  mrljolic  ju'id  has  pro^ed  fatal, 
dark  carl>oIic  acid  of  commerce  owes  its  colour  to  such  impuritic 
cresol  and  cresylic  aci<l— suKsUmces  wtiich  render  it  stronger  »«  a 
cide,  but  only  one-fourth  as  poisonous  to  the  higher  animals.  Wl 
strong  solution  of  carbolic  acid  is  upj)lierl  to  iho  skin  it  caiisi^  % 
numbness,  followed  later  by  irrilJition,  and  usually  liy  a  pustular 
or  desquamation  of  the  skin,  which,  white  at  first,  afterwards  l>ecom<i 
brown.  Messi-s.  Clement  Lucas  and  Lane  have  reported  two  cMMt. 
which  coma  and  other  serious  aymptoms  arose  from  the  appbciition 
1  in  L'O  solution  to  the  skin  ;  and  similar  effects  have  followed  tlin 
iiig  out  of  empyemas  and  lai^e  abscess  cavities,  After  u  few  days* 
auccessivc  washing  out  of  the  pleural  cavity  symptoms  of  |)oi»ouing  hare 


compelled  suspension  of  the  treatment.  The  application  of  strong  car- 
liolic  nciU  to  the  interior  of  the  titenis  and  cen-ix  uteri  in  one  of  my  own 
pHtient«  cauaeil  extremely  iinplensint  syraptoms,  ac'comp;inicd  b}'  ;i  riee 
of  tt-'mperaturo ;  ariil  similar  but  moi-e  severe  N^niptoniH  were  observed  in 
oljfitetric  practice  by  Kiistner,  on  washing  out  the  nterus  with  a  5  jier 
cent  iMlution  of  cHrlKtlic  acid.  The  {Hitient  became  livid,  clonic  convnl- 
•ions  auptnenrd  with  temporary  loss  of  eonsciousneaa,  and  death  followed 
on  the  ninth  day  ;  the  uterus  and  vagina  were  the  sent  of  an  intense 
membranuufi  inHamnisition.  It  ban  been  (XjncluHivoIy  demonslrat^Hl  that 
women  who  have  lost  large  quantities  of  blood,  or  who  are  the  subjects 
of  septic  fever,  are  pe<ruliarly  sensitive  to  the  influence  of  carUilic  acid ; 
likewise  arc  children.  The  etft!Cts  of  the  .'loid  n{_<on  animals  are  similar 
thoee  observed  in  man.  Crude  carljolic  acid  applied  accidentally  over 
part  of  the  skin  has  caused  extensive  bums,  rapid  unconsciousness 
id  Jeath  in  a  few  minutes. 

If  a  largo  dose  has  been  swallowed  there  is  complaint  of  burning  in 
the  moutli  and  throat:  the  [Kitient  feels  faint;  the  face  becomes  pale 
and  covered  with  clanun}'  perspiration ;  unconsciousnei^s  and  ]>erha{)K 
convulsions  gradually  supervene :  the  breathing  becomes  shallow  and 
Ulxjured,  and  death  comes  soon  after  from  respiratory  failure,  the  heart 
beating  for  a  few  minutes  after  breathing  has  cca.sed.  Hesuscilatioii  in 
some  cafies  nmy  Iw  still  effected  by  artificial  respiration.  The  vomit  is 
ij'e(|nently  bloody  and  smells  strongly  of  the  ix>iaon.  The  lijis  are  dry 
and  friz/.lcd  ;  the  tongue  is  white  or  brownish  ;  the  ]<atient  cannot  allow 
the  epigastrium  to  be  pressed  on  account  of  piin.  The  temperature  tends 
to  fall  at  tirsi.  but  it  may  rise  within  the  next  few  tlays  and  the  patient 
may  complain  of  an  intolerable  thli-st.  The  urine  from  a  case  of  carbolic 
acid  poisoning  may  l>c  normal.  Much  more  frcipiently  it  is  yellow  when 
passed  ;  gradually'  it  becomes  dark  olive,  and  ftn.illy  dark  brown  or 
bUcldsh-green.  If  tre^itod  with  nitric  acid  and  lliuu  with  liquor  jKitassie, 
it  becomes  after  conw-ntration  blood  r*-'d  in  colour,  and  changes  through 
pea-green  to  violut ;  a  fiict  of  some  im|K)rtanct',  for  on  the  aimjtle  a«lditiun 
of  carbolic  acid  to  u?*ine  the  mixture  does  not  respond  to  this  test.  It 
may  or  may  not  contain  albumin.  In  any  case  where  such  a  discoloured 
urine  has  l»een  passed  by  a  {latient  who  is  the  subject  of  coma  or  con- 
vnUions,  the  diagnoftis  of  carbolic  acid  jMUsoning  may  b<'  made  with 
certainty.  According  to  lijiumann  thi^  darkened  colour  ofnhe  urinr  is 
due  to  the  fact  that  when  carbolic  acid  is  tjiken  internally  it  is  eliminated 
as  phenyl  sulphuric  acid  or,  more  strictly  speaking,  as  potaasic  phenyl 
sulphate  ;  and  from  this  hydroquinone  and  pyrocatechin  are  foruied,  which 
on  I'xpofiure  to  the  air  Iwcome  dark  brown  by  oxiibitton.  Acconbng  to 
Prof.  Halliburton,  pymratechin,  like  stigar,  hiis  the  power  of  rediu-ing 
alkaline  solutions  of  cop]>er  siilts.  Thudichmn  status  that  after  the 
ingestiDn  of  carbolic  acid  a  blut«  pigment  is  found  in  the  urine.  The 
bloo<l  of  animals  poisoned  by  this  acid  prc.sents  nothing  abnormal  .  sn  that 
whilst  the  colour  of  the  urine  .suggests  the  presence  of  altered  blood-colour- 
ing matter  or  bematin,  chemical  facts  do  not  snpfiort  this  supposition, 
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fnr  the  urine  cteunt  up  on  heutiii>c  after  adding  an  ttcitl.     Sir  TbaiMi 

Stevenson  states  thiit  the  uriiio  docs  not  cont^irr  more  than  the  ni»nal 
proportion  of  iron  ;  and  Brieger  niauttAins  that  when  carMlic  ac'xA  « 
Uikfin  internally  it  unites  with  sulphinic  acid,  and  various  colourp<i 

lion  prwin<.'ts  are  foiiiied,  some  of  which  are  very  poisonous.     Ciitiii 

opinion,  therefore,  leans  to  the  view  that  the  acid  when  t^wallowecl  vnun 
into  sulphuric  acid  relationships,  and  that  the  tendenc)'  is  for  them  V 
Kiil])hateri  to  disjippear  frora  the  urine.     Sometimes  the   fset^es  h- 
o<lour   of   plienol,    an<l   are   dark    olive-green    in    colour,      Ho]'p<  ^ 
Nencki,  and  IJrieger  believe  that  carbolic  acid  is  a  constituent  of  i.  li. - 
urine,  and  that  it  i»  present  hI»o  in  the  f^ce-s,  its  source  being  tht*  tymn 
obtained  from  pi-oteids  acted  upon  dining  iianercatic  digestion. 

Since  c;irbolic  acid  coaguiatos  albumin,  absorption  of  the  drutf  hn 
been  tpia^tioned  ;  yet  there  is  con.siflei'al»lc  evidence  to  show  tb' 
a1>Borbed  ;  it  is  eliminated  as  sneh  in  the  urinc^  which  al»o  •*■ 
niimerous  oxidation  proilucts  derived  from  it.  We  do  not  cxHciIy  know 
the  form  in  which  it  circulates  in  the  blood,  but  it  is  probably  ju  oo 
alkaline  carbolate.  It  is  retained  for  a  short  time  only  within  tbr 
system,  i>einj;  rapiilly  thrown  out  in  the  excretions. 

Diagrnosls. — In  cutca  of  acute  carlK^lic  acid  jxiisoning  there  10  gcoeniUj 
a  distinct  odour  of  it  in  the  breath;  this,  with  the  presence  of  uhitf 
pat'<:hes  on  the  li[i»  and  niucouen  membrane  of  the  mouth,  and,  larrr,  thr 
altered  colour  of  the  urine,  are  auflleient  to  (K>int  to  the  rtsd  nature  of  tht 
illness.  As  in  some  cases  neither  discoloration,  whiieuintr.  n4)r  Ciou 
gestion  of  the  Iit>s  and  buccal  mucous  membrane  are  oKsenaUc,  lb 
medical  attendant  may  be  thn^wn  oH*  bis  guard  iude«s  he  has  a  hiittorr 
of  the  case  to  guide  him,  or  a  phial  is  found  containing  poison. 

Treatment.     The   U8b   of   the  stomach  ■  tul»e   and    washing  out  jin- 
immediately  called  for.     Hlmetics  are.  of  little  service,  for,  owing  to  the 
ana>sthctic  state  of  the  stomach,  they  fait  to  obtain  u  rusponae.     AVhiUi 
the  iutmiiiistration  uf  alkalis  in  excess  is  useful,  Haiimann  and  V 
have  bhewn  that  the  antidote  Ut  carbolic  acid   fx>isoning  is  a  sob 
phate  :  for  during  this  form  of  poisoning  snljihatcs  disjtppoiir  frvuu  Lbt 
urine,  anil  if  a  solnble  sulphate  lie  supplied  it  enters  into  contbination  with 
tlie  acid,   forming   the   less   harmful    »iilph(M'arl>olate   which  is  rapidly 
eliminated.     Other   writers,  notiibly  Sonnenburg  and   t^enui,   have  cod 
firmed  the  fhlue  of  alkaline  sulphates  in  the  treatment  of  airute  cmrboUc 
acid  poisoning.     The  fonner  found  that  the  dark  colour  of  tlte  urine  aini 
other  symptoms  rapidly  disappeared  under  the  wlminiHtration  of  uxljiia 
sutphule  :  luid  (A-rna  in  his  cxpurimentit  UfK>n  ain'maU  had  eijuallv  pxiA 
results    from    the    administration    of    magnesium    sulphate.      Hut    ih^m 
alkaline  sulphHto-s,  to  be  efhcacious,  must  l)e  exhibited   freely.      Srholiett 
recununended  sjiccharate  of  lime  as  an  antidote  to  ]>henol   jioisonin^  s» 
long  as  the  poison  is  still  in   the  stomach  ;  after  it  has  fuu^ed    into  tb« 
intestine  he  gives  i^oditmi  sulphate.     The  sacehanite  of  lime  he  pre}iarai 
thus: — Kresh  t^uicklime,  I.')  pans:  Sugar,  S'l  part.s ;  Water,  IdOO  parUt 
ami  of  this  mixture  fairly  large  quantities  may  be  administered.      In  on 


of  ray  own  cases,  where  consciousness  was  lung  in  reluming,  we  iransfiised 
the  ptitiont  with  saline  solution,  cont/kining  stilphates,  in  the  hope  of 
firming  harraies^s  compounds  and  of  woaliing  out  the  poison  by  the 
kidriRVs.  Two  days  afterwinls  the  urine  was  ijuite  clear  ;  it  had  Inst  the 
colour  Ko  froquontl}*  ol)sei-\-od  in  these  cases.  Thirst  niay  Im»  relii^ved  by 
lime-water  antl  milk.  On  account  of  the  puin  in  the  mouth  and  throat 
nutrient  enemas  may  1>o  necessary. 


Bisulphide  of  Carbon 

In  con6e(|nence  of  the  sohenl  iiiHuence  of  bisulphidi*  of  carlK>n 
upoi»  various  resins,  such  as  caoutchouc,  or  gutta-perciui,  thit*  sulM^Utnce 
is  largely  employed  in  certain  industries.  It  is  a  colourless,  volatile 
fluid,  with  a  most  punetniting  and  repulsive  odour,  and  is  nii>«t 
destructive  to  all  noxious  insect  life.  Delpech  first  drew  att^Mition 
to  poisoning  by  carbon  bisulphide:  and  to  what  he  wrote  in  1863  little 
has  since  been  added.  His  cxiterience  was  gainiil  in  the  iniiia-rulilHM' 
works  in  Paris,  which  at  that  time  were  very  Imdiy  vcntilate<l.  Carbon 
bisulphide  is  useil  to  soften  iiuharubbcr  so  as  ti)  allow  of  it's  ponctrati<tn 
by  sulphur  in  the  carrying;  out  of  what  is  known  as  vuluinisation. 
During  this  process  the  vai>our  of  the  bisulphide  is  inhaled.  As  a  result 
intoxication  follows,  and  of  this  th(Me  are  two  stages — (l)  excitation,  and 
(ii.)  collapse — an  order  which  resembles  that  of  the  int*^xicJition  of 
aaa:sthctics  or  alcohol.  The  illness  may  be  sudden  or  delayed  ;  the 
symptoms  are  headache,  cramp-like  pains,  epileptiform  seizures,  niuaculnr 
tremors,  imperfect  vision  or  amuniui^is,  and  faintncss.  Tliere  may  be 
great  mental  excitement  or  depression.  Women  suHcr  from  menorrhagiu, 
and  if  pregnant  they  miscarry.  In  the  wirly  stiiges  of  the  intoxication 
thei'e  is  sexual  excitement ;  but  in  chronic  |Kiisoning  this  aUites,  for  in 
men  atrophy  of  the  testes  ensues,  and  in  women  sterility.  Tlie  8\nn- 
ptoms  occasionally  resemble  those  of  general  pjiralysis,  acute  mania,  or 
alcoholism.  J.  iCuss  of  Manchr'ster  observe*!  parjilysis  aiudoj^oua  to  that 
met  with  in  plumbism  ;  a  condition  rei^arded  by  him  as  duo  to  peripheral 
neuritis,  mark**cl  by  a  gait  not  unlike  that  of  locomotor  ataxia  and 
accompanied  by  absence  of  the  knee-jerk.  In  some  n^apecta  the  neuritis 
resembled  that  of  alcoholic  poisoning ;  but  the  muscles  were  not  hy|ter- 
«BBthetic,  and  loss  of  colour-vision  and  amblyoyiia  were  present,  due,  as 
Sir.  Simeon  Snell  Iwlieves,  to  optic  neuritis.  De  Schwcinitz  maintains  thiit 
it  is  a  toxic  amblyopia  f^imilar  to  thiit  caused  by  tobacco.  Ono-third  of 
the  patients  regain  their  sight.  Ifoss  re[s>rted  the  case  of  a  worker  in  an 
india-rubber  factory,  who  complained  thjit  the  smoll  of  the  bisulphide  of 
Oarbon  was  alwuys  with  him,  in  his  food,  itnd  in  his  home  ;  and  on 
Ifeaving  work  in  tiiu  evening  lie  would  walk  like  a  dnnikeii  man  nnd  tjdk 
a  gofMl  deal  of  nonsense.  In  the  following  morning  he  would  lie 
miserable  and  feel  wretched.  He  was  glad  to  get  liack  to  work,  as 
inhalation  of  the  vapour  seemed  to  act  as  a  stimulant  un<l  bring  n-Uef. 


The  muscles  of  his  hands,  forennns,  and  legft  waiit«d  ;  his  pnia 
feeble,  uiid  numbness  luid  tingbnj;  of  the  hnnds  and  feet  were  cuui| 
of.      "Steppage"  gait  and  double  "foovdrop"  were  prest-rit;  lb' 
jerks  and  phiniar  reHexes  were  ab«ent,  hut  the  other  entaneoiu  t>-'.\-- 
were  normal. 

In   my   own   oqwriments   upon   animals  bisulphide   of   carbon   m 
found    to    be   a    very   deadly    ]>oiaon.      It   is   an   anfl'sthntic,   crron    ■ 
rapid  i[i  its  o|jeration   than  chloroform,   and  as  profound    in   it«  * 
Inhalation  of  the  vapour  for  a  short  time  by  a  rabbit  was  folluw-l  '.. 
6iL;nB  uf  intt'Uae  excitumenu      When  placed  on  its  feet  the  animal  « -jr;.   , 
to  be  iiitoxicatccl,  kept  swaying  from  side  to  side,  and  then,  as  if  -  ..'- 
by  some  sudden  impulse,  bounded  forward  beetlless  of  objects  in  ii>  ju'i 
When  the  inhalation  was  pushed  further,  not  f>rily  was  there  p^  t*-.;;.'; 
sleep  with  deop  stertor,  but  on  regaining  consciousm'ss  the  hind  bm'-  <.i 
the  animal    were  pandysed  ;    and    so    they  remained    for  more  thun  s:i 
hour.     When  rabbits  were  oxposed  for  a  long  time  to  the  vapour  of 
bisulphide  of  carbon,  which  entered  their  hutches   from    an    wJv  •"•"'• 
chaml}er,  they  <)uickly  sucenmbe^l ;   one   in  thi'ee  days  and  nnnp 
iwunty-one.     They  lost  Hisb,   Itecnmo  tremulous,   wore  eaaily  fa 
became  pandysed  in  their  hind  limbs,  and  died  convulsed.     All  il 
the  period  of  inhaling  the   bi)*ulphide  the   renal   function  wa»  excescii 
and  the  urine  at  death,  whilst  free  from  albumin  and  almost  cemplei 
wanting  in  urea,  contained  a  very  largo  quantity  of  sugar.     The  lai 
uells  in  the  motor  areas  of  the  brain  were  found  nft^^r  d«ath,  on  sLamE 
by  fiolgis  mifthoil,  to  have  their  axis-cylinders  ilistortod  and  \-«rir 
and  the  cytoplasm  of  the  cell  took  on  staining  unequally.      "" 
brain  stained  by  Nissl's  method,  however,  did  not  exhibit  tli 
chjinge.      Dogs    were    reariily    anif^sthetised    by    CJirbon    biaulpbidt 
seemed  to  1>e  &   fairly  safe  amesthetic,  but  apart  from   its    extrumely 
disiigreeable  o<lour,  it  produced   U)o  much   nuiscular  jactation  to  Iw  a 
desirable  substitute   for  chlniofoi-m.     The   red   lilooil -cells,   whether  io 
dogs  or  rabbits,  did  not    exhibit  any  disintegration  ;  and,  contrary  to 
the  statement  of  other  writer.-?,   the  blmxl  on  spt'cti-opropic  evaminiitJoa 
shewed  no  trace  of  metluemoglobin,  but  only  of  oxy-ha*mogl((liitu 

I  have  described  the  results  of  these  03cperiinent8  uptm  onimaU 
because  they  coirespond  so  cloeely  to  those  exhil>it4'd  "by  man. 
my  visits  to  the  various  india-rublMjr  factories  of  the  country.  I 
Iwcome  sensible  of  the  enormous  amoiuit  of  sutfering  which  \  i 
of  rubl>er  gotnU  by  the  "wet"  method  inflicts  tipon  iIm-  %\ 
I  saw  several  men  who  for  months  had  been  iwinilyscfi  in  their 
and  b'gs.  Many  girls  had  sufl'ered  from  incomplete  loss  of  powc] 
their  hands  and  l^gs,  headache,  vomiting,  and  extreme  druwainess: 
that  on  reaching  homo  on  an  evening  they  would  fall  sound  jwle^p 
sitting  down  for  a  few  minutes.  Many  felt  so  dizfv,  and  so  fre«jnently 
lost  uontrt)l  of  tln-ir  legs,  that  they  staggered  as  if  inti^>xicnlod,  ~^ 
(H^casioimliy  fell  on  their  way  home  from  the  factory.  Their  sleci 
night  was  hciivv  and  imrefreshing.     When  the  weather  is  hot  and 


the  work-people  sufler  most.  In  one  factory  brought  under  my  notice 
three  CRsea  of  iiciite  nianiii  have  occurretl ;  in  each  case  the  sufferer  wa« 
driven  )iy  some  siiddt>ii  impulse  to  throw  hinisctf  from  the  top  story  of 
the  bllihiiIl|,^  i'eterson  of  Now  York  reports  a  similar  result,  namely, 
violent  destrnctive  mania.  Charcot  drew  att^Mitiori  to  tht-  hysterical 
character  of  some  of  the  symptoms ;  for  example,  hemiAmefttliosia  with 
byperiesthetic  jjatches.  The  acute  stage,  however,  must  bo  simply  re- 
garded as  an  intoxication. 

In  un  acute  case  of  poisoning,  whore  two  ounces  of  the  bisulphide 
were  swallowe*!  witliout  a  fatal  result,  there  were  pallor  of  the  face, 
dilated  pupils,  frertuont  small  pulse,  low  temperature,  and  an  odour  of 
the  poison  in  the  breath.  Passing  tho  exjjired  air  through  an  alcoholic 
solution  of  triethyl-phosphiiie  producwl  a  red  colour.  The  symptoms 
resemble  thcKse  caused  by  alcohol,  and  especially  those  of  delirium 
tremens.  Bisulphide  of  carbon  is  a  strong  toxic  agent  capabh*,  like  lead 
and  arsenic,  of  prwlucing  paralysis  fixim  polyneuritis.  Karadic  irriui- 
bility  of  the  muscles  is  generally  diminished,  and  frequently  the  sense  of 
taste  is  lost. 

The  trcitment  consists  in  the  removal  (»f  the  {uiticnt  from  his 
work,  placii)*;  him  in  good  hygienic  surroundings,  and  allaying  all 
excitement  by  means  of  rest  Good  food,  massage  and  galvanism, 
with  tomes  as  aids  to  digestion,  are  required  when  nerve  symptoms 
are  present. 

Nltro-  and  Dinttro-Benzol  and  Aniline  Poisoning 

Within  recent  years,  owing  to  the  impetus  given  to  the  nianufacHu^  of 
aniline  dyes,  muuerous  eases  of  poisoning  by  nitro-  and  diniti-o->)cnzol 
have  been  reported  in  this  country,  in  Oenuany,  and  in  the  Unitotl  States. 
Nitit)- benzol  is  largely  employed  in  jwrfumery,  and  is  known  as  the 
esscni-e  of  niii'banc  or  artificial  lUmond  scent.  In  cheap  confectionery  it  is 
used  iiii  a  subijtitute  foi'  the  essential  oil  of  bitter  alnionds.  Its  prin- 
cipal use,  however,  is  in  the  manufacture  of  aniline,  anrl  in  the 
preparation  of  the  exidosivcs  known  as  roburite  and  sicareit ;  in  the 
manufacture  of  these  6u1>stances  the  vapour  of  nitro-benzol  is  inhaled,  or 
particles  of  it^  dust  become  deposited  upon  the  skin.  Benzol  is  a  cful- 
lar  product,  and  when  treated  at  a  nmderate  temperature  with  nitric 
and  sulphuric  .acid  it  Incomes  nitro-benzol;  treated  further  at  a  higher 
temperature  it  Incomes  dinitro-henzol.  Some  of. the  injurious  con- 
sequences of  dinitro-benzol  are  attributed  to  the  presence  of  impurities; 
but  it  is  genernlly  ntlmitted  that  dinitrnhen^col  itself  acts  as  a  poison, 
whether  it  be  inj^o^sted,  absorbed  by  the  skin,  or  inhaled  by  the  lung  in 
the  form  of  vapoui*  or  dust.  The  recent  contributors  to  the  literature 
of  tiitro-benzol  poisoning  are  Dr.  I^rosser  Wlule  of  \Vigan.  I)r. 
Heynolda,  .ind  Mr.  Simeon  Snell. 

Nitro-benzol  poisoning  is  purely  Jin  industml  accidenL  'l*he  men 
who  breathe  the  vapour,  and  who  arc  said  to  sutfcr  more  than   those 
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who  have  swiillowed  it»  are  sometimes  suddenly  seized  vriih  tilaniuti; 
8ytni>toni3.  They  iM^coine  extremely  sleepy,  coniplain  of  severe  thntU 
birig  headache,  und  occasionally  vomit.  To  these  symptonw  nwy  I* 
added  dyspnuvi,  dilated  pupils,  cardiac  irregularity,  loss  of  volunun 
power,  uDixia,  and  oxtreme  cyatiosis.  Tlie  untie  is  reddish  hntwn  in 
colour,  and  from  it  and  the  breath  the  odour  of  hitler  .dninnd*  » 
exhaled.  The  iHiiiont  rajmlly  [ulss&s  into  a  st-at«  of  coma  with  siTupt'iBir 
of  apDplexy,  death  beiiij:;  proeedeti  by  Cheyne-Sloketi  respimlioii.  Tu 
skin  aud  tongue  are  discoloured  dark  bhic,  probably  from  the  prt«"n« 
of  aniline.  Such  are  the  Byniptoms  of  aGUt4)  cuses  of  riitro- bonnJ 
poisoning.  The  blood  is  of  a  dark  cbocoUitc  eolotu*,  &nd  luu  Jo^t  iti 
power  of  absorbin;;  oxygen.  According  to  Slaj-kow  and  Kilehne  it  pvoi 
a  spectrum  similar  to  that  given  by  acid  hieniatin  ;  namely,  one  »b»>riti<^'r! 
band  in  The  yellow  between  C  and  D,  two  belwrni  the  lineu  D  : 
and  a  further  band  to  the  right.  Met  haemoglobin  gives  a  - 
spettnnn.  It  is  interesting  to  know  that  bluod  mixe<l  with  diiutn)' 
benzol  outside  the  body  does  not  give  these  bands  except  after  Ion;: 
e3q>05ure  to  the  air  and  heating. 

Death   from  nitro-hen/ol  f>oi8oning  h&s  generally  been  prec*."!' 
cumii,  although  eoiivulsions  have  been  observed.     After  death  the  - 
found  pide  or  blue  j  the  brain   is  congested;  the  blood  all   Thn.iii^ii   t- 
body  is  thick,  dark,  and  tliiid  ;  the  cavitte«  of  the  heart  Jire  ditai*:-!  .<: 'i 
the   lungs   dark   or  very  pjde.     From  the  stomach  luid  olher  ifitrnul 
organs  a  strong  smell  of  bitter  almonds  is  emitted. 

Fifteen  dn>p8  of  nitro-henzol  may  prove  fatal.     The  mpidity  with 
which    symptoms   appear  after  swallowing  the  poison  is  greatly  '  ■' 
mined  by  the  state  of  the  stomach.      U'hen  huge  (juantiiies  of   ^    i 
have  been  inhaled  the  rfyni])tom8  may  appear  within  a  ver)'  short  linio 
from  twenty  five  minutes  to  two  hours  ;  and  dojith  nwy  follow  within 
a  few  days.     If  injected  into  the  veins,  the  poison,  accoi'dtng  U>  Fttchm', 
is  almost  as  mpidly  fatal  as  prussic  acid. 

In  actite  poisoning  the  diagnosis  is  made  from  the  history, 
symptcmis,  the  |)hysical  signs,  ami  the  pectdiar  odour  of  bitter  Jilmor 
The  principal  dilKerence  between  nitro-honznl  and  y)russic  acid  poisiinH 
ia  that  the  s^miptoms  of  the  latter  ai'e  immediately  iitanife^ted  ;  whilst 
in  nitro-benzol  pjiiiioning  they  are  latent  or  delayer!  for  hours.  SbouM 
the  poison  have  gained  access  by  the  stomach  this  organ  shntdd  1« 
wjwlicd  out.  Sinnjiisms  shouhl  l)e  applied  to  the  chest  ahd  frietinn 
made  upon  the  linO)s.  Stimulants,  such  as  ammonia,  or  injections  uf 
ciimphor,  are  chilled  for.  Artificial  respiration  and  the  application  of 
the  faradic  current  may  be  necessary  to  rouse  up  the  paiient. 

In  the  less  acute  ciises  so  fidly  described  by  Dr.  Prosser  A\'hit«  the 
skin  is  generally  of  a  dirty  yellow  colour.  There  is  great  hvngiinr  .uid 
loss  of  weight,  and  the  tendency  to  sleep  ie  ver>'  marked.  Slen  who  ant 
thus  sufferin;;  find  it  almast  im[K>ssible  to  keep  nwidce  ;  yet  although 
they  sleep  soundly  at  night,  they  a\»^lke  uni-efi^shed  in  the  morning, 
generally  with  severe  headache,  occasionally  with  giddineaSt  and  with 
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alni(»st  cum])]t3lc  loss  uf  n]i[H)tilu  for  hreukf».st.  The  tumptinitiirc  in  often 
one  degree  ubove  the  nonnal,  the  lii*cathing  is  qiiiekcned,  precordial  aiul 
muBcuUir  pains  and  feel^leness  juv  complained  of.  Fatigue  is  en»iUy 
induced.  Tho  nioveinenta  liwoniP  aLajcic,  and  ai'e  aggravated  on 
closing  the  eyes.  Tingling  and  a  sonsc  of  numbness  are  coniphvincd 
in  thti  tingers,  bauds,  and  feet ;  there  is  bypenvstbesia,  which  in 
eertain  areas  is  extremely  marked,  or  there  is  jiartial  bemiana'isthpBia. 
The  iiifloxcs  may  be  increased  or  diminished,  usually  the  latter.  The 
muscles  rwvct  to  faradisiQ,  liut  they  vary  in  their  sensitiveness  to  the 
current.  One  of  the  most  cfianicteristie  signs  of  nitro-ben/.ol  {Kusonin^ 
is  A  dark  maroon  colour  oi"  the  urine.  Although  like  jwrt  wine  in  eolour 
it  contains  no  blood.  If  the  urine,  which  is  acid,  be  gently  warmeil,  the 
odour  of  bitter  ^dmonrls  is  readily  obtained.  The  ilecp  colour  of  the 
urine  depends  ujx)n  the  presence  of  aniline,  nitro-aniline,  or  some 
colouretl  prtMbRt  due  to  the  reduction  of  the  nitro-lienzol.  The  bile 
pigments  in  the  urine  are  increased.  Patients  thus  ill  usually  throw  off 
an  excess  of  urea.  The  blo<xl  is  generally  of  a  chwolato  colour,  and  is 
poor  in  red  corpuscles,  which  are  diniinishetl  in  size  and  deiicient  in 
hsemoglobin.  The  blood  contains  an  excess  of  carbon  dioxide,  which 
may  partly  explain  the  dyspmea  and  cyanosis.  In  poisoning  by  aniline 
cyanitsis  occurs,  a  circumstance  which,  with  oth*?r  data,  favoui's  the 
presumption  that  nitrobenzol  is  changed  by  oxidation  and  reduction  in 
the  body  into  aniline  or  [wssibly  hydrocyanic  acid,  and  dinitro-benzol 
into  one  or  more  of  the  phenyl-ilifunine  series  which  are  more  toxic,  also 
that  the  symptoms  of  poisoning  are  due  to  aniline.  We  are  still 
ignorant  of  the  nature  of  the  chemical  changes  which  nJtro-benzol 
undergftes  in  tlie  )>oi|y  ;  but  it  would  ap]>eiir  that  it  may  form  picric  acid 
in  the  blood,  to  which  su1>stance  the  yellow  coloiu*  of  the  skin  and  of 
the  mucous  membrane  of  the  intestinal  tract  has  been  ascribed  by 
Eulenberg.  The  substances  l*longing  to  tins  group  act  as  poisons  to 
the  medulla  oblongata  and  other  i>ortions  of  the  central  nervous  system, 
producing  peripheral  neuritis,  and  symptoms  simihir  to  those  of  loco- 
motor ataxia  and  disseminated  sclerosis.  Accortling  to  Sir  I^auder 
Bruntou  they  have  a  direct  influence  upon  mtisclc^fibre  itself.  Nitro- 
benzol  rapidly  attects  the  bmin,  judging  from  the  lethargj'  and  drowsi- 
ness so  frequently  exhibitt«3,  and  coma.  Recovery  is  possible  even  when 
consciousness  has  been  lost  for  days ;  but  the  greatest  care  must  be 
exercised,  as,  some  time  after  recovery  had  apparently  taken  place, 
sudden  death  has  occurred  in  lifting  the  fjatient.  To  Mr.  Simeon  Snell 
we  are  indebted  for  an  account  of  the  amblyopia  in  dinitro-benzol 
poisoning.  There  is  often  failure  of  sight  to  a  considerable  degree, 
which  is  generally  eijiial  in  both  eyes ;  there  is  concentric  contraction  of 
the  visual  field  with,  in  many  cases,  a  central  coloiu*  scotoma,  enlarge- 
ment of  the  retinal  veins,  slight  binning  of  the  disc,  and  pallor  of  its 
surface.  Mr.  Snell  believes  that  the  enlargement  of  the  retinal  veins  is 
due  to  vasomotor  piu^alysis. 

It  is  aUolutely  necessaiy  in   factories  where  iiitro-ljenzol  is  munu- 
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fftctured  that  only  mon  with  robust  constitutions  should  be  emi^oyd. 
thiit  the  rooms  they  work  in  sbouM  he  well-ventilated,  and  the  t«nip«n 
turo  not  high  (for  Dr.  Prosser  White  has  shewn  that  a  low  KjmpenitiOT 
is  ittwaya  accompaniod  hy  a  decrease  in  the  sick-mte) ;  that  re«pintt»n 
and  spcci.'il  clothing  should  be  woni  ;  personal  cleanliness  oliser*'"' 
use  of  alcohol  forhiddun,  and,  hImjvo  all,  that,  the  hours  uf  laltoiir 
not  he  long.     From  the  rapid  emaciation  of  the  men,  and  the  eA.  ■  - 
elimination  of  urea,  it  would  ap[M,yu'  as  if  the  iuetal>oli*m  of  the  ii-><  ■ 
was  extremely  active ;  honcc  the  necesAity  thai  worker-*  in  nitr«vSftnc>l 
should  be  well  fed  upon  animal  food,  and  that  employers  should  prorilc 
tliem  with  milk  when  in  the  factory. 

There  is  no  known  antidote  to  these  (Kiisons.  If  swalloved,  lk 
Rtomach-tul>e  should  be  used  itiid  this  viscus  thoroughly  waebetl  ovt 
OilK,  I'lita  and  alcohol  are  contra-indicated.  Kiradi^m  and  sinajwm* 
may  be  applied  lus  mentioned  in  an  earlier  lyinigraph.  Special  nilr* 
have  been  fnimed  for  the  protection  of  the  health  of  workers  in  niUn- 
benzol  factories  by  Dr.  Dupr6  and  Sir  Hamilton  Fi-eer-Hmith. 

Aniline. — Aniline,  of  which  mention  has  frequently  been  made  m  ddi 
section,  is  obtained  from  coal  tar  oil  or  naphtha.     It  is  the  first  snhstamv 
formed  <luriut(  the  process  of  manufacture  of  benzol,  or  benzene     T^j- 
is  subsequently  convorU^d    int»>   nitro-l»enznl,   from  which  .i' 
obtained,   the  source  of   magenta   dyes.     Aniline   is  a  narc    i 
acting  upon  the  central  nervnns  system,  causing  insensibility,  coiivn 
and   motor  pamlysis.     Workmen   in  the  factories  complain  of   ' 
stupor,  nnmciilar  spasms,  deranged  sensibility,  headache,  and  en 
ulcers.     They  l>ecome  thlor-o-aniemic  and  suffer  from  constipation.     ^ 
of  them  complain  of  being  impotent.    Aniline  destims  red  bloo^i-eoriw-  I-- 
and  forms  methiemoglobin.     The  urine  is  generally  discoloinvil  brown,  '>r 
bii5wnish-black.     The  skin  is  fuiutly  blue  and  occasionally  the  scat  of  in 
eruption.     In  dyeing  by  what  is  called  the  use  of  "  fast  blacks,"  ohtAiar*! 
from  aniline  oil  and  alkaline  bichromates,  the  workmen        _    _    'in  kiid« 
of  the  dei^artmentH  suHVr,  in  addition  to  the  symptoms  u.  1  abftTti 

from  papular  eruptions,  nicers,  und  scars  due  to  the  action  i>i  the  chrotn* 
compounds.  The  roots  of  the  nails  become  affected  and  the  skin  Ntw^*'" 
the  fingers  idcerates.  Although  in  aniline-black  d\frs  this  u'- 
is  less  extensive  than  that  obsen-cd  in  bichromate  workcre,  it  ii.,i.  ..-. 
extend  to  the  bono  and  lead  to  loss  of  the  nails  and  deformity  of  the 
fingers. 

In  France  a  few  fatal  cases  of  acute  aniline  poisoning  have  occormt 
mostly  in  children,  due  to  the  use  of  a  "|Vitent"  for  staining  booU  Aol 
shoes.  All  at  once  there  develop  the  most  marked  cyanosia,  cxtreat 
difficulty  of  breathing,  and  signs  of  cardio-pnlmonary  distrr«s.  Oees- 
sionally  the  symptoms  KU<idenly  come  un  when  the  patit^nta  are  out  <A 
doors. 

Few  fatal  cases  of  aniline  poisoning  have  been  recorded.  In  Dr, 
F.  'T.  Smith's  case  the  imtient,  a  woman  aged  forty-two.  hail  swnllovfd 
three  ounces  of  markiug-ink,  of  which  aniline  waa  the  principal  ingi*«diont 


Shortly  Hftorwards  she  becftme  unconRciouB,  and  remained  thus  until  she 
died  twtelve  hours  after  taking  tbo  poison  ;  the  symptoms  and  pliystcal 
sigiis  were  piirpl«  lips,  pale  nrid  bluish  skin,  sukUI  pupils,  stcrtoi-ous 
brcuthiiig,  and  full  and  slow  jjulse.  The  atoiuacli  was  washed  out,  ether 
inject^!,  iin<l  oxygen  adniiniatcrod  ;  but  without  avail.  The  V»Io(m1  is  *o 
changed  )>}'  the  action  o(  aniline  that  it  fails  to  take  up  oxygen.  At 
the  autopsy  the  lungs  were  found  congested,  and  tlie  hciirt  relaxed  and 
empty  of  l)lood.  What  quantity  of  aniline  will  prove  fatal  it  is  diflicnit 
to  ttiy.  Anything  over  1  )t  drachms  would  probably  cause  de:ith  ;  although 
recovery  has  taken  place  under  treatment  after  '2.f.  drachms  have  been 
swallowed.  For  the  protection  of  workers  in  anilines  and  aniline  dyes 
the  Homo  Office  has  drawn  out  special  ndes. 

Explosives 

The  dangers  incidental  to  their  manufacture  and  their  use  in  coikl- 
mines — Roburitc,  Tonite,  Melinite,  I)ynamitc,  Nitro-glycerin,  and  Gnn- 
powder. 

Since  the  "  Kxplosives  Act"  1875  came  into  operation,  the  growth 
of  the  tradu  of  explosives  in  this  country  and  in  our  colonics  has  been 
remarkable,  owing  to  the  introduction  of  smokeless  powder  and  the 
increasing  numl>er  of  nitroglycerin  compounds  that  are  being  place<l 
upon  the  market.  The  (Jovernment  Report  for  1899  shews  that  1 1,09^ 
people  are  employed  in  their  manufactuie,  and  that  whiUt  during  that 
yeai*  o4  accidents  had  occuriv<l,  causing  3  deaths  and  injuring  24  people, 
most  of  the  accidents  happened  under  conditions  to  which  the  controlling 
provisions  of  the  Act  did  not  apply. 

In  the  mannfai-ture  of  high  explosives  diniiro^ienzol  is  largely  used. 
The  rhnitro-benzol  is  first  ground  in  an  apparatus  not  unlike  an  ordinary 
mortar.  During  this  process  a  conaiderjible  quantity  of  dust  is  given  off, 
and  the  atnu>«phero  readily  b^-comes  iinpregnateil  with  the  smell  of  hitter 
almonds.  The  yellow  powder  thus  obtained  is  taken  to  the  mixing-shed, 
where  it  is  mixed  with  oxidising  salts  and  healed.  Suliaei|Uently  when 
cool  it  is  removed.  It  is  at  this  stage  of  the  manufacture  that  work- 
men are  specially  exposed  to  the  vapours — the  dangerous  effects  of  which 
may  be  considerably  lessened  by  the  use  of  a  fan.  Next  the  explosive 
is  taken  to  the  cartriilge-room,  where  women  and  girls  are  employed  in 
fillini:  cartridges.  When  these  are  filled  they  are  taken  to  the  dipping- 
shed,  and  rendered  wat^^rpruof  hy  l>eing  immersed  in  liquid  parattin  and 
wax.  The  men  who  work  in  the  *' gi-inding '*  and  "mixing"  depart- 
ments suffer  from  the  effects  of  the  noxious  fumes ;  and  in  the  cartridge 
department,  where  women  and  girls  are  employed,  considerable  risk  to 
health  is  run.  probahly  from  handling  the  goods.  Of  the  three  varieties 
of  <linitro-l>enzol  which  are  known  to  chemists,  only  one  is  usetl  in  the 
manufacture  of  explosives,  ruimely,  m^ta^liniirft-heitzM ;  this  is  admitted 
to  be  a  {towerful  poison,  whether  ingested,  absorbed  through  the  skin,  or 
inhaled  into  the  lungs  as  vapour  or  dust>. 


As  the  syinptoms  met  with  amongst  those  who  ara  eitf^tf^  in  tfai 
miinufacture  of  explosives  are  due  to  dinitro-twiusol,  the  reader  is  rclomd 
to  the  preceding  section  for  det'iils  of  these.  It  is  sufficient  h^re  u>  $tau 
that  there  is  ti  durk-bliie  colour  uf  ttie  skin,  breath lesitneASs  unsleadiita* 
of  gait,  and  amblyopia.  In  this  section  we  are  more  specially  cotiwnwi 
with  the  symptomB  that  occur  in  those  whose  occU|jution.  sucli  as  cuHl-miiuii^ 
and  quarrying,  exposes  them  to  ti»e  inhalatiun  of  fimoke  jirisin^  finjiu  fh 
firing  of  explosives.  Coal -miners  have  complained  of  the  deleteruw 
etfects  of  such  explosives  as  roburitc,  tonite,  dynamite,  niiro-glycerin.  ini 
gunpowder.  Toitite  is  composed  of  barium  nitrate  and  gun^ottou  in 
nearly  equal  proportions ;  robiu'ite  is  an  intimate  mixture  of  Jinimoniua 
nitrate  and  thloiitiated  dinitro-benzol  in  the  proiK)rtion  of  7  lo  i. 
In  the  explosion  of  both  of  these  substances  the  products  formed  m 
probably — for  roburitc,  carbonic  dioxide,  nitrogen,  water,  and  brdrv 
chloric  acid ;  for  tonite,  carlx)natc  of  barium,  water,  nitrognn,  unil 
oxygen.  Gunpowder,  on  the  other  hand,  is  an  IntimAte  mixture  ui 
charcoal,    sulphur,    and    nitre,    and    the   products   of   its   ^^    "  >« 

prtncip;illy  carl>on   dioxide   and   monoxide,   nilr«^»gen,   and    -     ;  'd 

hydrogen. 

In  poisoning  by  r'o^n>,  miners,  after  a  prolonged  and  repeated  oqi^ 
sure  to  the  smoke  arising  from  the  firing  of  the  exploaivo,  compUis  if 
headache,  frontal  or  occipital,  dizziness,  nausea,  and  vomiting,  conatrfciki 
ill  the  chest,  fleeting  pjiins  in  the  triuik  and  limbs,  numbness  uf  finp'n  aod 
toe.'i — aa  if  they  were  asloei),  shortness  of  breath  anvl  palpitation  on  vxia- 
tion,  and  loss  of  vision.    To  these  may  be  luldcd  emaciation  and  druwiinea 
The  urine  in  deeply  colourwl  like  jKirt  wine.    The  Ujw  are  cyanosed,  the  Uct 
pale,  the  extremities  coUl,  the  grasp  of  the  hand  feeble,  and  there  in  slight 
loss  of  the  power  of  apposing  ihc  thumb  to  the  fingers.     There  ia  lo«  of 
power  in  the  feet,  so  that  the  patient  cannot  stand  or  walk  as  foriugl)' 
The  knee  jerk   may   be   uxaggerati'd  or  alisent:    there  are   also   Inas  cit 
st'xua!  desire,  recurrent  attjicks  of  dimness  of  vision,  and  l)y|>t^neslhefli 
4jf  the  skin.     Many  of  these  symjjtoms  are  attributed  to  tbt-  impruper 
handling  of  the   cartiidges  by  the   men ;   but  it  has  been  shewii  ihai 
in  many  instances  this  was  never  done  by  miners  who  £ufl*ere>d  ;   th«ir 
illness,  therefore,  could  only  have  Ixien  due  to  inhalation  of  the  smoka  in 
the  mine.     That  the  nmoke  is  deleterious  to  conl-niincrs  has  long  bcm 
believed  amongst  themselvoa  ;  it  formed  the  subject  of  a  s|>ecial  invMti^ 
tion  both  in  Northumberland  and  Lancashire,    l^ose  alluiled  to  the  mark«l 
anaemia  and   the  blue  li]>s  of  men,  otherwise  healthy,   who  have  b««n 
exposed  to  the  fumes  of  roburite — physical   signs  which  indicate  ihti 
destruction  of  hemoglobin  has  taken  place  within  the  bloodve«wsU ;  ak) 
to  the  muscular  weakness,  tingling  of  the  limits  and  sluggish   petelltf 
tendon  relictions,  as  suggesting  the  early  stage  of  ]>eri]>hcral  neuritis:  be 
therefore  reganled  the  employment  of  roburite  as  luirmful  to  tbn  health 
of  the  miners.     In  Lancashire  the  subject  was  investigat<^  by  a  special 
committee,  and  the  opinion  arrived  at  wna  that  when  care  wm<  Ukcn 
to  have  tlie  shot  fired  properly,  with  free  ventilation  so  that  the  fuoiei 


could  speedily  escape,  the  use  of  roburite  was  not  harmful  to  the 
coal  -miners.  Moreover,  it  was  maititjuned  that  in  comploto  com- 
biLstion  of  the  explosive  no  trace  of  mlio-lM^nzeiie  derivatives  are  left. 
The  coal-minei-s  of  the  North  of  England  having  also  object^id  to  the 
use  of  roburite,  the  Durham  MinerK'  Association  undertook  lo  solve 
the  question  whether  the  fumes  produced  from  the  use  of  roburite 
and  tonite  are  injurious  to  health.  The  exfwriments  were  conducl<*d 
in  coal-mines ;  the  explosives  us4m!  bt-ing  robnrite,  tonite,  and  yinipowder. 
B}*  means  of  aspirat<irs  l*rof.  Hedson  removed  air  from  the  mines  shortly 
after  the  shots  Wf  re  fired,  and  the  result  of  his  analyses  shewed  the  absence 
of  deleteriiiiifl  ^';isi'«  in  roburite  smoke,  and  likewise  in  that  from  tonit*. 
What  struck  I*rof.  liedson  in  the  fumes  from  giuipowder  was  their  marke<l 
>Tsibility  coniimred  to  those  of  the  liigher  explosives,  and  the  distinct 
evidence  of  sulphuretted  hydrogen.  In  some  of  the  experiments  where 
roburite  had  been  fired  there  was  a  distinct  odour  of  nitro-benzene  in 
the  atmosphere,  altliuu^di  fione  was  f<tutir!  chemically.  Tlie  injurious 
substances  present  in  tUn  fumes  from  those  oxplt>sivcs  are  carbon  mon- 
oxide, nitric  oxide,  and  sulphuretted  hydrogen.  The  first  of  these 
compounds  is  produced  by  each  of  the  explosivfs ;  and  is  generated  Iwtb 
by  the  burning  of  the  fuse  and  by  the  heated  carbonic  acid  gas  passing 
over  the  coal,  whilst  the  sulphuretted  hydrogen  comes  from  the  giuijHtwder 
alone.  If  cart>oui(:  acid  l»e  taken  as  a  measure  of  the  vitiation  of  the 
atmospherr^  gunpowder  and  robinite  have  practicall}'  the  same  eflect ; 
whilst  the  vitiation  from  tonite  is  ;;rcuter.  (iiinpowder  smoke  contains 
in  addition  carlwn  monoxide  and  snljihuretted  h^'drogen,  both  of  which 
are  injurious  gases.  As  for  carbon  monoxide,  tonite  pro<lHces  the  most, 
gunpowder  comes  next^  and  roburite  produces  the  leost.  The  solution 
of  the  problem,  so  far  as  the  use  of  these  explosives  in  coal-mines 
is  concerned,  is  in  ventilation  ami  perfect  detonation.  One  of  (ho 
dangers  of  those  high  explosives  is  that  the  fumes  are  invisible  ;  and 
thus  a  coal-miner  might  return  to  the  particular  part  of  the  **  working" 
sooner  thaji  he  would  if  gunpowder  had  been  used,  the  fumes  from  which 
are  visible,  in  which  more  solid  matter  is  suspendetl,  and  the  odour 
of  which  is  characteristic  The  symptoms  complained  of  by  the 
Durham  miners,  and  attribute*!  by  them  to  the  firing  of  rol)urite,  were 
those  of  "biliary  derangement."  Jaundice  was  occasionally  present,  and 
headache,  vomiting,  and  tht)W8ine88  ;  but  ib  did  not  appeal-  that  these 
symptoms  were  necessarily  due  to  the  use  of  the  explosives,  as  the  nitro- 
benzene vapours  seemed  to  be  present  in  too  small  a  quantity  to  be 
inji)rioa<«.  Besides,  many  of  the  symptoms  might  just  as  properly  be 
attributetl  to  the  onlinary  conditions  under  which  coal-miners  work,  namely, 
in  confiued  spaces,  the  air  of  which  is  fouled  by  carbon  monoxide,  conse- 
quent upon  thn  firing  of  all  kinds  of  explosives.  The  committee  were 
particularly  struck  in  this  inquiry  by  the  rapidity  with  which  the 
^rmptoms  compl:iine<l  of  by  the  men  disappeared.  They  were  much 
milder,  too,  thanks  to  llie  excellent  ventilation  of  the  Durham  coal-mines, 
than  the  symptoms  observed  by  Ross  amongst  the  Lancashire  pitmen. 


In  all  circumstances  where  these  explosive*  arc  used  it  in  advis«i  Om  sk 

fuse  should  \w  tirrrl  1)y  electricity,  aikI  that  miiirrs  should  not  rettiro  It 
thftt  part  of  the  pit  until  at  least  Ave  minutes  ufterwurda. 


Nitroglycerin,  Gun-cotton,  Dynamite.  Blasting  Gelatin,  etc 

The  hidtory  of  modern  blasting  at'ents  can  Vx?  briefly  Utld.      I 
Sobrero,  an  Italian,  discovered   the  sweet  viscou*  8nl»Alani;*r   kn- 
nitro-^lycerin.     About  this  time,  Schonbein  of  BAle,  and  Bjron  L- ;' 
Austrian,  simultaneously  discovered  gun-cotton.      The  opinion  h  ..    _, 
chemists  thut  gun-cotton  could  only   be  exploded  by  deton&iioii,  toil 
never  by  sponti^iioous  ignition,  was  rudel}'  shaken  by  the  accident.''  *'- 
of  gun-cotti>n  ul  tht^  Stuwiuarket  factori*  in    ls71.      It  is  the  d.<: 
liAltility  Ui  sponUuiuous  decdraposition  from  hral  whirh  has  removcil  liui 
explosive  from  competition  with  others  of  the  nitroglycerin  grouji.    Ai 
nitro-glycerin    under  certiiiti  conditions  is  iiUo  linble  Ut  undergo  »]n* 
uneuiis  dyeoniposition,  Alfred  Xobol,  a  Swcdisih  engineer,  sought  foi  «d 
ab6orl>cnt  capable  of  imbibing  sufficient  of  the  explosive  to  allow  of  mm*- 
glycerin   ftlill    remaining   available   for  blawting  purposes,   but   v 
Ukcly  to  undergo  apontaiieoub  decomposition  ;  of  becoming,   in 
comparatively    harmless    solid.       In    certain    parts    nf    Hanover 
found  a  porous  siliceous  e^rth,  of  low  specitic  gravity,  known  as  "  i 
guhr,"  composed  of  the  remains  of  infusoria.     Importing  chia  '^Kieii^ 
guhr"    into   the   maiuifacture   of   nitro-glycorin    he   iiivrnt<^d    whil  i» 
known  as '/f/Htfwi/^ ;  a  much  safor  article  for  trausjioi-tAtion  than  niiro- 
glycerin,  and   much   more   maiwigeable  as   an    explosive.       To    <■■   '   ' 
dynamite  heat  and  strung  jiereussiun  are  necessary.      Although  a  ^' 
and  safer  explosive  than  nitro-glycerin  Nobel  ilid  not  re*t  satisA* 

dynamite.     For  the  *' Kicsclguhr,"  which  he   regarded  as  u  wcjh ^ 

element,  he  substituted  nitr-o-cotton.  itself  an  explosive,  and  bloiwling  lhi» 
with  niti'o-glycerin  he  obtained  Hiistiivj  grhitin.  This  latent  cxploeivt  rd 
Nobel's,  blasting  gelatin,  ia  reganlcd  as  nnc  of  the  "oheftpcst^  stroogcst, 
and  safest  bla^iting  agents  known  to  chemislr)'." 

Nitroglycerin  prmluces  {K'culiar  efl'ects  UfHjn  those  who  tnanuforttnt 
it.  Dr.  Dupr^,  analyst  of  explosives  to  the  Home  Office,  informs  me 
that,  unlike  dinitro- benzol,  the  effect  is  transitory ;  apiMrvnliy  bad 
effects  are  never  left  behind,  or  very  rarely.  The  work-|)coplo  etifler  tK 
first ;  but  they  soon  become  accustomed  to  the  vapour  without  any  m- 
pairmeiit  of  health.  If,  however,  thry  leave  off  work  for  a  tirav,  «oi 
again  return  to  the  factory,  they  invariably  suffer  its  at  fir^i.  !■ 
nitro-glycerin  factories  the  men  and  women  do  not  work  on  SaiunUv. 
as  the  last  day  of  the  week  is  employed  for  cleaning  up;  on  rr 
work  on  the  Monday  a  large  proportion  of  the  workers  invfu*iahly  suiir  i  ■</■ 
a  few  hotu*s,  the  symptoms  being  extremely  severe  hciidachc^^Acnompuuid 
by  violent  sickness  and  a  proHtration  ro  extreme  as  sometimes  to  ' 
the  use  of  stimulants.  Like  amyl-nitrite,  nitrf>-glycerin  dilates  ttt 
vessels.     Major  Cooper  Key,  H.M.  Inspector  of  Exploaivea,  t«lU  m**  thii 
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1  remedies  for  the  nitro-^lycerin  btMidacbes  of  workers  arc  &  cup 
of  strong  cottce  and  the  nppliaitioii  of  h  1k»C  linseed  ttoultice  to  the  \\'a\w 
of  ibo  nock.  V\Tieri  nitroglycerin  prcjuirations  Are  properly  detonated 
or  exploded,  the  products  are  practically  hHrniless ;  the}'  are  chietiy 
carbotiic  acid,  water,  and  nitrogen.  If,  howuver,  detonation  bo  imperfeei. 
or  if  the  oxi)losive  merely  burna,  the  gases  evolved  coiuftin  much  tiiii'ous 
acid,  some  carbon  monoxide,  antl  perha[>8  other  tU'IfU-rious  compounds. 
These  products  of  incomplete  detonation,  |>articularly  nitric  oxide,  are 
highly  dangerous;  and  a  numlwr  of  fatal  accidents  due  to  ihcra  have 
tdreaily  occurred  in  this  country  anil  in  AuBtraUa.  InHammation  of  the 
lungs  is  apt  to  follow.  This  develops  insidiously,  but  is  extn^niely  frttal. 
Withiu  a  few  hours  the  patient  seems  as  if  lie  had  Ix'en  jirecipitattd  into 
the  last  stages  of  pneumonia.  When  sympioraH  arise  on  the  inhala- 
tion of  nitric  fumes  stimulants  and  rest  in  the  recumbent  position  ore 
called  for. 

To  the  use  of  other  well-known  explosives  niinei's  have  objected  as 
in  the  coses  of  roburite  and  tonite.  Arlidge  c)uoted  the  case  of  a  boy 
who  inhaled  for  five  minutes  hirge  quantities  of  the  smoke  slowly 
evolved  from  incowpleloly  ignited  df/nvtititr.  The  funit-a  were  pungent 
and  suffocating.  The  symptoms  were  vomiting  and  headache,  followed  by 
urgent  dyspnii'u  and  cyanosis ;  the  patient  ditxi  t\ven(yone  hours  after 
the  exposure.  Bejond  pulmonary  tedema  and  deoii-blue  coloration  of 
the  bronchial  mucous  membrane,  with  punctiform  h.'emorrfaages,  nothing 
was  detecteil  Jit  the  autopsy.  In  another  [latient  the  symptoms,  which 
arose  on  the  day  following  the  exposure,  were  semi-consciousnoss, 
ver)'  rapid  j)ulse,  quick  breathing — the  respirations  re-aching  96  in  the 
minute — and  the  iihysical  signs  of  congested  lungs.  The  temiwrnture 
was  normal.  Under  the  influence  of  rest,  purging  and  sweating, 
recovery  took  place  in  four  days. 

The  symptoms  following  the  use  of  Kiearnt  (t^eurii/^  or  SkhtrhrU) 
resemble  those  which  are  caused  by  robiu-ite  ;  namely,  headache,  lassitude, 
cyanosis,  nipid  pulse,  and  (lie  emission  of  deep-brown  urine. 

The  eirt'cts  vi  dynamite  are  a  sensation  as  if  the  hfml  would  burst, 
difficult  breathing,  and  momentary  unconsciousness;  symptoms  which 
rapidly  ilisj\p[>ear  on  exposure  of  the  patient  in  the  open  air. 

Picric  acid  is  an  essential  constituent  of  sevund  of  the  high  ex- 
plosives, such  AS  melinite,  a  secret  explosive  belonging  to  the  French 
tlovernment  ;  and  it  is  Ui  the  picric  acid  which  it  contains  that  the  un- 
picasant  symptoms  caused  by  its  »iso  are  attributed.  In  the  manufacture 
of  it  nitric  acid  is  poured  upon  phenol,  and  during  the  process  fumes  of 
nitrous  acid  are  given  off  along  with  picric  acid  which,  in  its  nascent 
state,  causes  dyspnoia,  dry  hacking  cough,  amemia,  and  debility.  The 
vapour  stains  yellow  the  conjunctivae,  skin,  and  hair ;  and  causes  con- 
junctivitis. The  dysjinayi  tends  to  become  p;iroxysmid,  and  the  cough 
may  be  followed  by  hoimoptysis.     The  nervous  system   and  the  other 


internal  organs  appear  to  escape, 

£C4ial-miinne,  if  at  alL 


Melinite  has  not  been  used  to  any 


During  the  South  African  War  much  vns  said  nboui  lyddite,  nd 
very  extrava^mfc  sUtf^ments  were  made  as  to  whiit  this  oxptoftire  vb 
capa1)lo  of  accomplishing.  The  yellow  green  funie^  evolved  were  belietri 
to  be  poisonous,  hyddite  is  stated  to  be  an  excellent  burster  »n 
It  is  compose*!  of  phenol  and  coneentmted  sulphurii*  ac'u\  trcat<*i  --- 
8trong  nitric  acid,  the  picric  acid  crystallising  otit  The  fumes  of  Ktiiiitf 
contain  il  liir;;e  proportion  of  carbon  iiionoxide  ami  a  coiisidtiralile  ({Uaatiw 
of  free  carlxin,  iis  is  t-v-idcnced  by  the  black  smoke  arising  on  detOMtioii 
A  y*^ll'^"*'  d«]K>8il  forms  when  detonation  is  inconiplet43.  **Thi-*  depott 
mitiglirig  with  the  black  smoke,  tinged  with  the  blue-grey  «J  tin 
pulverised  rock,  may  possibly  have  given  rise  to  the  *  green  fuitiM' 
which  wore,  according  to  eye-witnesses,  a  marked  feeiture  at  Paartichttf 
and  elsewhere  .  .  .  but  it  is  ditticult  to  W'lieve  that  even  in  tlu*  uumi 
favourable  cireunistances  the  atmospliere  couki  be  rendered  unfit  to 
breathe  by  the  bui*sting  of  lyddite  shells"  (A.  Cooper  Key). 

Krb  found  that  in  nibbits  8  grains  of  picric  acid  pro«]uccd  a  fall  J 
the  body  teniperatiu^e,  diarrlHKi,  collapse,  and  death,  prece<Jc«i  by  orw 
vulsions.  \(o8t  of  tlio  tissues  were  stained  yellowish- red.  The  blood 
of  animals  thus  poisoned  Wiis  dirty  brown  in  coloiu-,  and  Hxc  white 
blooii-cells  were  increji«ed  iti  numlwr.  An  urticariid  eniption,  rf- 
scmbling  mca»1cs,   is   said   to  have  been  caused   in   men    b;  t 

ammonia.     The  urine  becomes  yellow,  and  there  is  a  similar  <i  ti 

of  the  coujunctivse  and  skin.     If  tlie  dose  be  large,  vomiting  and  purging 
occur. 

The  symptoms  complained  of  by  miners  after  the  use  of  any  of  the 
above  ex]iloaivert  may  be  summarised  as  heailache,  ^'iddinesn,  derangement 
of  the  rosiiiriitory  function,  uichycardia,  antl  mu-s^'ulur  debility. 


Carbonic  Oxide  (Coal-Gas  and  Water-Gas)  Potsontn? 

Carbon  nionoxifle,  ('0,  is  a  colourless,  odourleiis,  and  tusleleiv  gu, 
rarely  found  pure  outside  the  chemical  laboratory :  it  is  ufciiaUy 
found  mixed  with  other  gases.  It  owes  its  extremely  poisonous  char 
actor  to  the  fact  that,  when  inspirctl,  it  enters  into  direct  <.'oinbinacka 
with  the  hiemoglobin  of  the  blood,  imparting  to  that  fluid  a  bright 
cherry-ret]  colour.  CO  forms  so  staple  a  compound  with  the  coloorii^ 
matter  of  the  red  blood-cells  that  they  become  incapable  of  curryiog 
oxygen  to  the  tissues.  Thus  is  it  that  carlion  monoxide  is  more  dangvr 
ous  than  carbon  dioxide.  Carbonic  oxidi;  is  present  in  the  fumes  ctnitl<Hl 
from  charcoal  stoves  in  which  the  combustion  of  the  carbon  is  incompUta 
It  is  one  of  the  productt^  of  ttut  rond)usttun  of  tiud,  and  is  the  g»A  which 
is  seen  burning  with  a  blue  flame  in  an  orrlinary  o^ien  Hre;  It  is  OM 
of  the  constitnents  of  illuminating  gas,  and  it  is  also  present  in  the  fiunei 
escaping  from  coke  ovens ;  tritm})s,  who  have  sought  the  wai-m  sbolt^r  of 
these  ovens  and  lain  down  beside  them  overnight,  may  inhale  the  fqsm 
and  fall  into  a  heavy  comatose  sleep  which  occasionally  ends  in  de^lL 
In  France  the  fumes  fn>ni  charcoal  stoves  are  frequently  inhaled  a>  a 
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pAinlcsfl  means  of  suicide.  The  fnines  fi-om  these  stoves  are  toxic  in 
proportion  to  the  amount  of  carlion  monoxide  they  contain.  Poison- 
ing 1»y  carbonic  oxide  has  1>een  frequunllj*  confounded  with  thitt  caiiseil 
by  carbon  dioxide  (carbonic  acid).  Tn  the  coj^e  of  carbonic  oxide  the 
ayiupt«ms  are  those  of  a  narcotic  :  the  nervous  system  is  gradually  billed 
into  A  sleep  which  ends  in  conm:  whereas  in  carbonic  acid  poisoning 
there  is  usually  greater  di.--turbance  of  the  res])iralion. 

Inhalation  of  air  containing  1  to  2  per  ceni  of  carbonic  oxide 
may  cause  not  only  unpleasant  but  very  serious  symptoms ;  and  whilst 
the  breathing  of  air  loaded  with  a  similar  percentage  of  carbonic  acid 
cannot  W  accomplished  with  impunity,  the  evidence  is  in  favour  of 
carbonic  oxide  Iteing  the  more  toxic ;  for  life  may  still  ^o  on  for  a  short 
time  in  an  atmosphere  contjuning  10  to  20  percent  of  carbon  dioxide. 
The  ntpidity  wilb  which  carbon  monoxide  tmltes  witli  ha-moglobin,  artd 
the  stability  of  the  car  boxy  hemoglobin  formal,  runder  it  a  peculiarly 
dangerous  giis.  Although  in  those  circumstances  the  blood  has  a  bright 
cherry-red  colour,  it  is  quite  incapable  either  of  carrying  or  imjmrting 
oxygen  to  the  tissues,  and  thus,  intemjd  rcspinition  becoming  imfiossible, 
the  patient  dies  asphyxiated.  When  the  Itlood  in  such  n  case  is  examined 
spectrr>8copically  it  siiews  two  alisorption-baTids  between  the  1>  and  E 
lines,  that  ia,  the  yellow  and  the  gi'een.  The  spectrum  is  not  uidilie  that 
given  by  oxy haemoglobin,  only  the  broad  band  is  slightly  nearer  the 
violet  end  of  the  spectnim.  Carboxyhieraoglobin  is  distinguished  from 
oxyhicmoglohin  in  not  Injing  reduced  by  ammordmn  sulphide  solution. 
Katnyatmi,  too,  has  demonstrated  that  whilst  the  addition  of  acetic  acid 
and  ammonium  sulphide  (with  sulphur  in  solution)  to  normal  blood 
pnwUices  a  ginenish-grcy  or  rerldish  green-grey  colour,  when  they  iire 
added  to  CO  blood  a  beautiful  clear  rose-red  is  produced. 

Illuminating  gas  owes  its  toxic  properties  to  the  5-10  per  cent  of 
carbon  monoxide  it  contains  ;  but  in  "  water-ga.%"  which  is  prepared  by 
acting  upon  burning  charcoid  with  steam,  there  is  frefpiently  as  much  as 
from  30  to  40  per  cent  or  more  of  cArboiiio  oxiile.  Wuter-gjis,  used 
for  illuminating  and  heating  purposes,  is  a  mixture  of  carbonic  oxide, 
c&rbun  dioxide,  nitrogen,  and  hydrogen.  Aa  this  gas  has,  practically  speak- 
ing, no  disjigreeable  odour  its  presence  is  less  easily  detected  than  ordinary 
coal-gas.  Ita  very  large  percentage  of  carbonic  oxide  makes  it  more 
prompt  in  its  action  and  more  dangerous  than  ordinary  illuminating 
gas.  So  serious  have  been  the  const^piences  of  the  inhalation  of  *'  water- 
j  gas,"  that  some  Knglish  public  Ixnlies  have  been  obliged  to  do  away 
^nth  it.  As  carlwnic  oxide  is  odourless  and  Uisteless,  an  individual 
[  may  be  gradually  poisoned  with  it  unawares.  The  presence  of  from 
I  4  to  5  per  cent  of  carbonic  oxide  in  atmospheric  air  is  fatal  to  small 
'  animals,  and  10  per  cent  is  fatal  to  man.  Ordinary  illuminating  gas 
i  frequently  contains  from  fi  to  10  per  cent  of  carbotuc  oxide,  the  breath- 
!  ing  of  which  from  a  leak  in  a  gits  pipe  or  a  Uip  left  open,  say  in  a  bed 
I  room  oveniight,  has  proved  fatal.  So  insidious  is  it  in  its  operation 
I     and  so  narcotising  is   its  action    that,   if   respired  during   sleep,    the 


sufferer  (|uietly  piisscs  into  a  strvte  of  coma  which  may  be  very  profomid; 
particularly  if  the  gus  has  1>een  hrcathcd  in  finmll  qiiantiliee  judiort 
long  time. 

The  stfmpUmu  vary  with   the  amount    of   car)>onic   oxide  inkaled. 
Usnally,   after  exporiencing   a   aenso  of  disconiiorl  with   ihrohhiug  d 
the  blood- vessels,   the  patient  complains  of  severe  headache,   gidilnwoL 
and  great  debility.     These  may  he  followed  )iy  iiausw*  i"id  v.' 
drowsy  feeling  may  oreeji  on,  prudually  Iciiding  to  inaensiliilit  . 
occasionally  by  convnUlons  and  ending  in  doUrium  or  coma.     Th 
ig   full  and   l>ounding,   roHpiration  is  accelcraled  and   LibouriMl.  tL.    .. . 
dusky,  the  lips  and  extremities  blue  ;  and  by  degrees  the  patient  di» 
jisphyxiated.     Should  recovery  take  place  ronvalcgcence  is  iisunllv  *     ' 
and    ilfi    course    is    frequently    ititemipted    by    pidmonary    or    i 
affections.     There  may  be  loss  of  memory  for  some  time  aflcrwaji-. 
urine  may   contain  allmmin    or    sugar,   and  the  lungi;  be    iho   >t.i:  i 
bronchitis  nr  a  low  form  of  pneumonia.     Dr.  Soott  reports  the  ca*«  « 
a  man  who  suffered  from  dementia  consequent  upon  carbon  monoxjii* 
poisoning.      WhilnL  engagefl   in   the  ammonia  works  connected   with  ibi 
blast  fuiTiacos  of  the  Clyde  Ir^mworks  the  man   was  found  lying 
of  Olio  of  the  flues  apparently  doiid.      His  face  was  ghastly   (sile^- 
tlilatod,   breathing  shallow  ;uid   quick,  pulse  fairly  stroiifi;  but  ninw 
was  completely  insensible  ;  }>nt  by  de^ecs  he  l>ecamo  conscious,  yei 
until  after  several  convulsions.     Subseijuently  he  bocJime  maniAoil 
aftorwnnlB  listless  and  ajMithetic.      He  hjid  inlialed  the   *'  clear  gas  " 
comes  from  the  ammonia  works,  which  Ih-.  Scott  found,  on  amUy«ii^] 
cont;iin  25  per  cent  of  carbon  monoxide.     As  a  result  of  c;irl»ou  mono.i 
poisoning  symptoms  resembling  those  observed  in  general  p:trnlyt:i» 
be   met  with.     In   two  patients,  bhist-fui-naco  men,  sent  to  me  by 
Stanley  Steavenson  of  Middleton  St.  George,  I  found  tho  speech  bh 
and    BCJinning,    the   tongue    tremtdous,    the    limbs    jiaretic,   knoc  •  J4 
exaggerated,  and  the  mental  state  considerably  exalted.     These  niMt 
inhaled   gas  rich   in   CO   which   escaped   from    the  blost-fiimacM  w| 
charging  them.      By  this  gas^   in  which  there  is  freijuently  as  mu 
30  per   cent  of   CO,   tho   men  occasionally  bocome   "gaaaod,**  and 
obligeti  temporarily  to  retire  from  the  furnaces.     One  per  cent  of 
monoxide  causes  nnpleju-iant  symptoms;    but   Humjiel    ha*  shewn 
even  such  a  small  proportion  us  006  per  cent  may  have  the  uimi*  effctct 
Besiiles  its  interference  with  respiratory  exchange,  death  in  such  finaQ 
animals  as  mice  seemed  ai;celorHte<l  by  a  fall  of  lempemturo  cottee(|iu;nl 
upon    diminishwi    niGtibolisra    and  heal- prod  notion.      Ih*.    HaldaiiL>  hM 
demonstratcii  that  in  the  presence  of  oxygen  cju-bonic  oxide  i»  much  leai 
poisonous  than  it  is  in  mr,  and   that  the  poisonous  uction   of  cnrbdB 
monoxide   is  increased  by  diminishing  the  oxygen  {tercento^.      \\1mo 
the  oxygon   tension  is   high  the  indi^idual  is  not  so  dependent   npoo 
his  red  blood -corpuscles  for  the  carriage  of   oxygen,  as  a   conMJdisnhle 
quantity  of  oxygen  may  l>e  taken  up  diasolvetl  in  the  blood.     There  ii 
a  limit,  however,  to  which  the  oxygon  tension  may  be  raised  ; 
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Paul  Bert  Bhewed,  at  a  tension  slightly  under  five  atmospberes  oxygen 
itiieU  acts  iis  n  poison. 

After  death  by  carbon  monoxide  the  blood  retains  its  bright  cherry 
colour  for  a  time,  and  when  nhaken  it  forms  a  froth  of  a  violet  colour. 
Th<?  skin  and  intt-rnal  organs,  as  well  as  any  post-mortem  hypostases, 
exhibit  a  bright  red  colour.  Oecusionally  the  face  is  ]iale.  llic  lungs 
ate  fre<jucntly  congested. 

Aa  regards   trmbntni,   immediate   removal   of   the   patient  from  the 

presence  of  the  gas,  and  artificial  respiration  persisted  in  for  hours  in 

order  to  expel,  if  i>os«iblc,  the  poison  from  the  IjUkmI,  rhythmic  Unction 

-of  the  tongue,  inhalation  of  oxygm.  hypodermic  injections  of  strychnine, 

h|pd  the  application  of   the   faradic   current  to   the  phrenic   nerve,   are 

PKlled  for;  but  even  with  these  measures  venesection  and  tmnKfiiKion  of 

healthy  blood  may  also  lie  necessary. 

In  colliery  explosions,  whilst  many  of  the  miners  are  killed  by  the 
force  of  the  exjjlosion,  many  meet  their  death  by  inhaling  the  "after- 
damp " — a  gas  which  contains  varying  (juantities  of  carl>on  monoxide. 
Ttie  proof  that  this  gas  bi^  l>con  the  cause  of  death  rests  on  the  pink 
coloin-  of  the  skin,  ;t  rctldcning  of  the  face  and  hands — wliich  gives  the 
bodies  an  extraonlinarv  appeiiitmce  of  life — and  the  result  olitaiiied  by 
spectroscopic  examination  of  the  blood.  To  the  collier  working  in  the 
pit  the  presence  of  c^trbonic  acid  (COg)  or  "choke  damp"  is  made 
known  by  the  extinction  of  his  light,  and  by  u  slight  embarrassment  of 
his  breathing;  but  caHion  monoxide  gives  no  such  warning.  Alike  in 
those  who  are  working  in  the  recesseK  of  the  mine,  and  in  rescuers  who 
descend  into  the  pit  after  an  explosion  and  arc  brought  into  contact 
with  '*after^lamp/'  there  are  the  same  symptoms — drowsiness,  extreme 
debility,  and  unconsciousness,  Since  mice  are  easily  killed  by  cjirlton 
monoxide  Dr.  Hatdanc  has  suggested  that  they  should  be  carried  into 
such  underground  cliambers  :is  are  stippost^j  to  contain  carbonic  oxide 
gas  ;  and  as  these  aniniul^  have  a  respiratory  exchange  twenty  timet!  as 
rapid  as  that  of  man  there  woubi  l>c  un  interval  of  several  minutes 
(varying  from  IJ  to  40),  after  death  of  the  mouse,  sufficient  to  allow 
the  miner  to  escjipc.  When  a  colliery  explosion  has  occurred  it  is 
absolutely  necessary  to  got  fresh  air  as  rapidly  as  possible  into  the  pit ; 
for  although  miners  imiy  have  bre;ithed  the  "after-damp"  and  l>€en 
rendered  unconscion.s  by  it,  death  may  not  sujierveiie  for  au  hour  or 
more.  lieacuc  parties  should  descend,  and,  in  order  that  they  may  remain 
'  within  the  limits  of  safety,  they  shouhl  tarry  with  them  mice  ami  iylindei*R 
I  of  oxygen.  Artificial  respiration,  inhalation  of  oxygen,  removal  of  the 
miners  to  bank  as  early  as  possible,  the  administration  of  stimulants,  and 
maintenance  of  Ixxlily  temperature  are  necessarj'. 
'  Sulphuretted  hydrogen  is  extremely  poisonous.     When  present  even 

in  minute  'ijuantilies  in  the  atmosphere  it  is  readily  recognised  by  its 
'  unpleasant  odour,  resemliling  that  evolved  from  rotten  eggs.  When 
1  inhaled  in  toxic  doses  the  gas  causes  death  through  its  action  upon 
\  the    respiratory   centre.      The   fatal    termination,    which    comes    with 
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HpjuiUing  sudileiiness  and    U   painless,   raay   lie    procoded   hy 
rigidity  and  convulsive  tremors.     Occasionally  the  breathing  Xh  i\ 
grwpirig,  or  a  cry  is  utttnvd,  but  l>efore  tha  indiWduul   is  reat-hed 
extinct.     Even  when  the  respiratory  centre  haa  ceased   to  act  th*   'i  ^ 
may  still  continue  to  l>oat.     I  have  made  autopsies  on  three  nn\'i  t-i- 
died  suddenly  from  hreiithing  su][>hiiretted  hydrogen  gns  while  inokicg 
exouvatioiis  for  a  graving  dock  on  the  banks  of  the  Tyne.     The  p-i* 
mortom  apjwaraiicea   are   practically  nil.      The  blood   on  8pectr'>«r"fif 
examination  does  not  give  any  other  kinds  than  those  of  oxyhfl^ni'  . 
and   it  is   readily   reduced    by  ammonium   aidphide.       In    a    se:-. 
experiments  upon  dugs  Dr.  Bolam  and  I  found  that  a  dog  when  plmd 
in  an  atmosphere  conUtinin^  O'lH  per  ecnt  of  U^S  would  in  a  hutulred 
seconds  become  rigid,  and  fall  apparently  lifeless,  breathing  having  ceaaed. 
By   means    of   artiticial    respiration    the   life  could    be  re.st<tn.M!,  but  * 
porcciiuige  above  0*J   was  oxtromcly  fatjd.       It  was  found  that  whfr- 
defibrinatcd  blood  was  exposed  for  five  minute^s  to  H„S,  metha'moglobm 
took  the  place  of  oxyluemoglobin.     The  reason  why  the  blood  nf  fienntu 
poisoned  by  the  gas  does  not  shew  the  presence  of  metboMxioglobin  is  Out 
H«S  kills  too  quickly  for  the  normal  pigment  tci  become  convert"!  " 
thy  abnormal.     Men  wfieri  working  in  cesspools  and  the  sewers  "i 
are  frequently  o\  erpowurtHl  by  tliis  gas  and  i-apidly  killed.     They  fikU  « 
if   stiiick    by    lightning,  and  do  not  always  emit  a  cry.      Althongh  is 
sewer-gas  there  are  poisonous  ingrefHetits  other  than  H^S — for  example, 
carbon  monoxide — the  spectroscopic  examination  of  the  blooii  does  not 
reveal  the  presence  of  GO,  a  circumstivnco  which  shews  the  extreme  toxicilf 
of   H.,S.     Often  when  working  in  the  sewers   the  men  are  oblige«i  lij 
headache,   dizziness,  and   feeling  of  )llne««s  to  come  tint  into  the  fr«iti 
air,   and   are  rapidly    revived    thereby.       SiUi'buretted    hj'drogcn  caaiw 
death  suddenly    by   acting   upon    the    respimtory    centre  or  upon   the 
terminal  endings  of  the  vagi  in  the  lungs,  or  death  comes  more  slowly 
through  coma,  in  which  the  blood  is  found  to  be  dark  and  it^  ha^xnoglobUi 
altered. 

Xo  man  sboidd  be  allowed  to  work  alone  in  any  place  whore  thrnt 
is  a  suspicion  that  sulphuretted  hydrogen  gas  is  present.  If  working  in 
a  ileep  well  he  should  have  a  bolt  round  his  waist  \\'\i\\  rr>|ie  attachcdt 
and  on  the  slightest  failure  in  response  ut  questions  or  signals  he  should 
be  brought  to  the  surface  by  fellow-workmen,  and  if  breathing  has  ceased, 
artificial  respiration  onght  at  once  to  l»e  employed.  Oxygen  should,  if 
possible,  be  administered,  warmth  applied  externally,  and  liquor  strychnin* 
injected  liyptMlcrniically. 

Nickel  Carbonyl. — In  the  manufacture  of  nickel  carltonyl  from  nickel* 
copper  oxide  workmen  have  died  presumably  from  h.'iviiig  respired  carlina 
monoxide  that  had  accidentally  escaped.  Nickel  carbonyl  ts  a  dear 
and  very  volatile  fluid  ;  it  boils  at  43'  C.  (109*4''  F.),  and  is  a  deadhr 
poison.  In  nickel  carbonyl  poisoning  death  has  sometimes  been  rajnd,  or 
it  has  superveneil  after  an  illness  lasting  two  or  three  days,  the  aiitiipar 
revealing  extensive  inflammation  of  the  lungs  as  in  the  early  stagu^  of 
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pneumonia.  In  the  minor  forms  of  poisoning  the  men  feel  dizzy,  their 
walk  is  unsteady,  there  is  ili^<;nlty  of  breathing,  and  a  sense  of  oppression 
or  of  pain  in  the  <:he.sL  When  a  few  men  liave  become  ill  in  works 
there  has  generally  been  found  some  escape  of  carbon  monoxide,  and  it 
is  to  this  compound  rather  ihjiri  to  nickel  that  some  writers,  noUibly  I>r. 
F.  \V.  Mott,  attribute  the  cause  of  death.  In  one  man  who  had  died  in 
such  circums Unices  Dr.  Mott  fotmd  huemoiThajres  in  the  white  matter  of 
the  brain  and  cerebellum,  dege!ierate<!  tibics  in  the  corutia  radiata,  and 
small  patches  of  softening  irregularly  distributed.  Around  these  latter 
was  a  distinct  zone  of  Icucocytic  invasion.  In  my  own  experiments  upon 
raV>bit«  exposed  for  fifteen  minutes  to  15  dro])3  of  nickel  carl>onyl  in  a 
large  bell-jar  freely  ventilated  no  effect  was  immediately  apjKirent.  The 
animal  n\\\  al>out  on  iH'iiig  t^iken  out  of  the  belt  jiir  as  if  none  the  worse 
for  its  ex]>eHence.  On  repeating  the  experiment  two  days  afterwards, 
the  animal,  although  on  its  removal  from  the  jar  it  seemed  quite  well, 
soon  afterwards  became  quiet  and  listless.  Within  forty-eight  hours  it 
was  found  dcjwl  in  its  hiitcb,  the  cause  of  death  being  jatchy  consolida- 
tion of  it^  lungs.  Albumin  wns  found  in  its  urine,  and  on  microscopical 
examination  of  the  brain  and  medulla,  courteously  made  by  Dr.  Mott  at 
the  piithological  laboratories  of  the  C!ommittee  of  the  Metropolitan 
Asylums  Ijoard,  numerous  small  ha'morrhages  were  found.  I  am  informed 
that  100  C.C.  uf  nickel  carbonyl  will  give  otf  73*6  litres  of  carbon 
monoxide.  Thi.s  circumstance  and  the  post-mortem  appeamnces  just 
mentioned  lend  considerable  weight  to  the  opinion  that  in  nickel  carbonyl 
poi<*oning  the  iiymptoms  are  due  to  carljon  monoxide.  On  this  point  the 
lai^t  word  has  not  yet  been  spoken.  Ferric  carbonyl  I  have  found  ecpially 
poisonous  to  animal  life.  The  blood  gives  the  spectrum  of  carbou 
monoxide. 

Lead  Poisoning 

Of  the  various  forma  of  metallic  poisoning  that  caused  by  lead  ia 
the  commonest  and  most  subtle.  In  five  years  etwied  I)S90  there 
occurred  1822  <leaths  from  accidental  poisoning  in  England  and  Wales  \ 
of  these,  541  were  due  to  lead,  17  to  arsenic,  and  36  to  phosphorus; 
that  is  to  say,  29  per  cent  of  the  total  cases  of  deaths  from  i)Oisoning 
were  due  to  lead.  Between  1901  and  1903  inclusive  there  occmred  in 
England  and  Wales,  according  to  data  furnished  by  Dr.  John  Tatham,  3G4 
deaths  from  industrial  leatj  [^>oisoning,  2G4  mates  and  10  females;  there 
also  dierl  from  plumbism  due  to  accident  or  negligence  8  males  and  11 
females,  while  from  suicidal  lead  poisoning  1  female  died. 

!>e.ad  jKjiAoning  occurs  in  isolated  ca«es  ;  or  it  may  assume  an  epidemic 
character.  Mere  handling  of  the  metal  for  a  long  time,  or  inhalation 
of  the  dust  of  the  various  salts  of  loiid,  may  be  followed  by  symptoms 
of  poisoning.  It  has  been  cause4l  by  the  accidental  or  criminal 
adulteration  of  food  and  diink.  People  are  not  equally  affectetl  by  it 
There  ia  not  only  an  individual  idiosyncrasy — some  persona  being  more 


susceptible  than  others— l>ut  thero  is  an  hereditary  dispofiiuon  to  luSflr 
from  lead  ;  and  Co  this  mny  be  added  a  sexual  idiosyncrasy,  as  wobsl 
— [xirliuulurly  yoiui^  women — fall  more  eiisily  under  the  infltteoceof  lad 
Chan  men. 

Lead  poisoning  is  not  a  modern  disease ;  it  has  ht^eu  knowD  hur 
centiirit'8.  It  is  described  under  various  names^  for  example,  plunilnftti 
saturnine  poisoning,  eolicu  Poitou,  colica  Pictonuxu,  aiid,  Lutly,  Cfilkra 
piotorura,  from  the  L.'itin  word  piffot;  a  puintcr. 

Selling  a*«ide  for  the  mnnienl  the.  indu^tml  fonns  of  Ic^  jioisoaiti^ 
that  induced  by  contaminated  drinking  water  is  the  most  iniporum. 
All  at  once  large  initnbers  of  (>eople  may  l>e  stricken  nttb  symptonv of 
pUirabism.  In  such  epidemics  the  gathering-ground  bos  fr»piently  ttecii 
mooihmd,  the  water  on  which,  as  it  trickles  through  the  pe^ity  »oJl  or 
come«  into  cotitai^t  with  decaying  leaves,  takes  up  buniic  acid  :  lhi» 
ftcidilied  water  acts  upon  the  lead  of  the  conducting  pipe  or  the  risMni 
and  dissolves  out  some  of  the  meUil.  Some  chemists  maintain  th:it  th» 
action  on  the  lead  pistes  is  aided  by  the  pi*e«cnoe  of  iron  in  the  irai«r, 
which  gives  it  an  acid  I'caetion  and  nuikcft  it  soft.  Oistillfil  waitf 
acts  U[K)n  lead,  because  it  is  impossible  to  remove  from  the  wat^r  lU 
traces  of  organic  matter.  The  presence  of  nitrogenous  c«:itnpoundd  eonfnt 
upon  water  a  solvent  inthietice  upon  lead — the  oxidation  of  the-  nw'tai 
being  brought  alwut  by  the  oxides  of  nitrogen,  which,  in  the  form  of 
nitriten,  act  as  oxygen-carriers  l^etween  the  air  and  the  lead.  Whm 
distilled  water  acts  upon  lead  it  produces  a  solid  white  compouiul,  the 
oxyhydrate  ;  but  thus  acting  alone  upon  lead  it  cannot  givu  riat  ti> 
the  oxyhydrate,  which  is  a  com|wund  molecule  rerjuiring  one 
water  and  two  extra  atoms  of  oxygen.  The  hydrogen  of  thr  . 
be  displiiced  either  by  high  temperature  or  by  the  lejid  receiving  uxy( 
and  the  most  fri^rpient  source  of  the  oxygen  are  nitrogenous  covDp 
in  the  water  in  the  form  of  nitrates.  If  the  water  is  exposed  to  Uic 
tt  small  (|Uantity  of  nitrate  is  quite  sufiicient ;  for  the  process  is  one 
continued  deo.\idatio!i  of  the  nitmte  by  the  lead,  and  of  reoxi<Iation  hj 
the  oxygen  from  the  air.  The  proof  of  this  series  of  <1  ■  ..ni  ami 
reoxitlations  and  that  the  nitrates  are  the  source  of  the  »■  that  if 

lead  be  plained  in  water  containing  a  nitmte,  the  nitrate  is  rapidly  redoMd 
to  m'trite.  Nitrogen  oxides  are  almost  invanably  present  In  w»t<r ;  iBsy 
arise  from  the  dou-omposition  of  organic  com|x>unds  in  which  the  operation 
of  micro-organisms  prolwbly  plays  an  important  jwrt.  The  oxyhydnteof 
lead,  alrearly  alluded  to,  is  verj'  insoluble  in  pure  water;  but  if  the  1««M 
tnice  of  acid  l>e  present,  or  certju'n  salta,  such  as  nitrate  of  atumonU,  it  i* 
freely  soluble. 

Mr.  Garrett  found,  when  distilled  water  has  acted  upon  lead  for 
hours,  that  it  contains  ^^^  grain  of  metallic  lead  per  gallon  ;  that  if 
grain  of  sid[»huric  acid  per  gallon  were  added,  in  84  hours  it  ront«in« 
i  of  a  gnun,  whilst  the  same  quantity  uf  nitric  acid  gives  ^  of  a  gnin  im 
an  equal  period.  The  retention  of  water  in  a  lead  service-pipo  ovir- 
night   may  therefore  allovr  of   the  solution   of  a  fairly   Urge  qiuuittty 
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of  the  metal — which  explains  the  fact  that  many  of  the  victims  of 
plumbism  have  been  persons  who  drank  the  water  first  removed  from 
the  pii>e  in  the  morning.  It  ifl  thus,  too,  that  barmen  and  barmaids 
have  autfered  by  taking  roguljirly  the  first  swill  of  beer  which  hns 
been  in  the  tap  overiiiu;ht.  A  short  time  sufiicea  for  liquids  thus  to 
become  contaminated.  Water  kept  in  contAct  with  a  leatl  pipe  fur  half 
au  hour  has  been  found  to  contain  ^  grain,  at  the  end  of  an  hour 
I  of  a  ^ain.  and  at  the  end  of  12  hours  14  grain  per  gallon.  Tho 
presence  of  u  very  minute  trace  of  lead  in  drinking-water  is  suflioient 
to  cause  serious  symptoms.  Kxpcrienco  shews  that  if  lead  )k:  introduced 
into  the  system  in  very  small  quantities,  and  for  a  long  time,  it  is 
more  Ukoly  to  cause  serious  symptoms  than  when  it  is  taken  in  larger 
doses  and  only  on  a  few  occasions.  Cases  illustrating  the  poisonous  doses 
of  lea»J  are  quoted  by  Dr.  I>e  Chaumont  (in  which  the  water  containc<l 
^  grain  jk-t  giiilon) ;  Dr.  Hunter  of  Pudscy  (^^  to  -^  grain) ;  Dr. 
Angus  Smith  dJc  grain);  Dr.  Adams  (^^^  grain);  Dr.  Sydney  Kinger 
(-g^  grain):  in  one  of  Dr.  Dixon  Mann's  cajws  the  drinking-water  con- 
tained *J'4  milligrammes  of  lead  per  litre,  and  in  quo  of  my  own  cases 
Benous  symptoms  arose  from  drinking  water  which  conuiincd  0*0028 
grain  of  leail  per  gallon.  Of  tli«  fainil}'  of  L<.)uis  Philippe,  at  Claremont, 
34  per  cent  who  drank  the  water,  which  contained  ^  grain  per  gallon, 
Butfered  from  plumbism. 

During  the  action  of  wiiter  upon  lead  the  crystalline  oxyhydrate  of 
the  metal  is  formed.  If  ccriain  salts  are  present  in  solution  there  is  u 
transference  of  portions  of  the  acid  radicles  to  the  base^  resulting  therefore 
in  the  formation  of  salts  of  lead  other  tlian  the  oxyhydnite.  8idt«  of 
learl  more  aolublo  than  the  oxyhydrate  mjiy  thus  be  formed  ;  for  example, 
nitrate,  nitrite,  or  cjirbonate.  The  presence  of  carbonic  acid  increases 
the  solvent  influence  of  water  upon  lea<i.  The  oxyhydmte  first  formed 
by  the  water  is  dissolved  by  the  carbonic  acid  present,  and  a  conaideiable 
quantity  4if  lead  may  thus  pa«8  into  solution  as  acid  carbonate;  but  as 
the  formation  of  oxyhydrate  continues,  the  carbonic  acid  is  neutralised* 
and  there  results  a  l^ic  carbonate  of  lead  which  is  insoluble  and  is 
deposited  upon  the  surface  of  the  pii>e,  forming  a  protective  covering 
whereby  furtht-r  action  of  the  water  is  at  least  retiirded  if  not  prevented. 
In  those  circumstances  the  addition  of  alkaline  carl>onalcs  to  water  may 
prevent  lead  poisoning.  Water  acts  with  greater  vigour  upon  a  new 
than  upon  au  old  lead  pipe ;  for  on  the  surface  of  the  latter  a  protective 
covering  of  the  dehydrated  oxide  or  carlx>ntttc  may  bo  present :  both  of 
these,  however,  are  reaiiily  dissolved  when  the  water  becomes  slightly 
acid,  or  when  its  temperature  is  raised ;  hence  the  dajiger  of  using 
water  for  culinary  purposes  first  drawn  from  the  kitchen  boiler  in  the 
early  morning.  It  has  been  stated  as  an  otTset  against  this  danger  that 
if  tea  be  made  with  water  containing  a  trace  of  lead  the  metal  is  die 
charged,  but  experiment  has  shewn  that  there  is  no  truth  whatever  in 
the  statement ;  moreover,  there  is  the  risk  that  the  tea  iL<*elf  may  have 
been  contaminated  by  a  wrapper  of  leaden  foil.     In  one  experiment  with 


water  contuning  ^  grain  of  lead  per  gallon,  the  tea  incased  irnm  It 
cotiUiiticd  2\t  grain. 

The  drinkiiig-watcr  iu  our  houses  should  bo  free  from  sutb  cou- 
tuminatioii  as  we  have  been  considcriug.  Water  thai  naturally  contJini 
carlKJiialb  of  lime  is  not  acted  ii]>on  liy  lea<l ;  and  vre  hare  seen  that  tb 
luidiliotk  of  jilkaliiio  carhoiiates  is  a  preventive :  bo  are  alkaline  pho«p1ula 
and  silicjiles.  When  watei  has  fiUerL'd  lhruu]|,'h  a  Iwd  of  snnil  it  u  nut 
S4)  liable  to  be  coiitaniinatt-d  by  lejid  in  its  transit  through  the  iitpcs  « 
llie  water  takes  up  a  certain  amount  of  silica,  which  unites  vith  xnj 
dissolved  load  to  form  an  insoluble  silicate,  and  this  forms  a  coatinjEon 
the  inside  of  the  pi(w.  To  cause  plunibisra  it  is  not  nocesBaiy  that  tbi 
di'inking-WHter  tjliould  coiiUtin  Unid  in  solution.  One  of  the  mmt  H'nino 
eases  of  sJiturniiie  [misonin^  thai  I  have  seen  in  consuluitiua  wiis  thaiol 
a  lady  in  Kensington,  who  ivith  one  of  her  sons  suffered  severclr  from 
uain;^  water  t4iktin  from  a  cisteni  in  which  sevend  loose  lump«  of  whii* 
load  had  been  left  by  a  careless  workman.  The  water  afi  ii  flowed  fno 
the  cistern  was  mudfly :  it  contained  a  large  quantity  of  lead  in  a  pni- 
oipitated  form,  but  none  in  solution.  Leiid  had  l>een  deiKHgU'd  upoa 
vegetables  ItuQed  iu  this  muddy  water,  and  thus  it  gained  an  roxnatt 
into  the  system. 

When  drinking-water  contains  leiid,  the  addition  of  sulpburcttfl! 
hydrogen  or  ammonium  sulphide  at  once  precipitates  the  metal  tf  ■ 
dark  brown  sulphide — care  having  1>een  previously  taken  to  add  a  sasB 
fpuintily  of  hydrochloric  acid  to  it  to  precipitate  any  iron  that  nmy^ 
present.  Should  there  be  only  a  minute  trace  of  lead  in  the  wat«r  tke 
addition  oi  a  small  quantity  of  l>arium  8ulj>hate  (A  grain)  allows  of  the 
precipitate  cfiming  down  in  two  layers:  the  lower  stratum  forms  ra|Hiiij, 
and  is  composed  of  denser  particles,  whilst  the  upper,  being  lif^ur, 
takes  a  longer  time  to  subside ;  in  this  the  sulphide  of  lead  is  dejiodtcd- 
A  bull' or  dark  brown  colour  is  thus  imfjarted  to  it,  which  cMisee  U  to 
stand  out  in  distinct  contniHt  to  the  underlying  welMefined  \  ■  '  wrr. 
By  this  means  „^(^  gniin  of  lead  per  gallon  may  be  detected.     (  !y 

it  is  necessary  to  test  the  *'plunilK>-Kolvency  "  of  a  suspected  \mh.>  ..i  > 
for  this  puqjose  nothing  is  better  than  the  "shot"  teat  of  Whiiti-^c. 
namely,  filtenug  the  water  through  lead  shot  specially  prepared  free  froin 
ar^enie  and  then  testing  it. 

We  have  dealt  at  length  with  the  question  of  epidemic  plumfatsm, 
for  the  disease  has  rather  increased  thjui  diminitshod  uf  Ut« ;  and  it  will 
tend  to  become  own  more  prevalent  as  our  rapi<Uy  growing  town- 
[x>[)ulation8  go  far  atieUl  in  search  of  water.  Moorland  waters,  in  th« 
late  summer  and  autumn  months,  are  strongly  impregnated  with  jMsaiy 
acids.  Water,  according  to  Mr.  Power  and  Dr.  Houston,  may  simply 
dissolve  lead  by  a  true  plumbnsolvent  action,  or  it  may  pooeM  u 
"erosive  ability,"  whereby  it  fonn:*  an  almiti^t  insoluble  Icaul  compomid 
so  loosely  attached  to  the  lead  a.%  not  to  shield  it  from  furlbrr  attAck- 
Distilled  water  possesses  the  tirst  power,  moorland  water  Itolh ;  and 
although  boiling  may  destroy  the  pro|1et^y  possesse*!  by  <liatilled  wMer, 
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loorland   waters   remain   uoafTected.      It  has   been   dcniondiratod    l\v 

►r.  Houston  that  two  kinds  of  bacteria,  probably  derived  from  peat,  arc 

ireseut  in  moorland  water,  and  are  capible  of  generating  an  acid  which 

iparts  to  water  its  power  of  dissol>ing  lead. 

Lead  ):'ults  are  all  more  or  less  poisonous.     Even  so  insoluble  a  salt  as 

the   Biilphute   is   noted   upon    by   the   intestinal  juices,  and  is  more  or 

soluble.     In  my  own  experiments  animals  that  roueived  sulphjttc  of 

died,    and    the    livers   contained    leiul.     The   sulphide   of    lead  is 

rery  insoluble ;  hence  the  preventive  treatment  of  phunbism  by  giving 

lulphur  in  milk.     Chromate  of  lead  is  also  very  insoluble,  and  yet  it  hai> 

[uently  caused  poisoning  by  diflasion  as  fine  dust  through  the  air 

the  cardiiig-rooms  of  woollen  or  cotton  factories,  effeetfi  which  have 

Lisap}>efired  at  once  on  the  introduction  of  fan  ventilators. 

Licvwi  finds  it«  way  into  our  victual**  when  these  are  cooked  in  cheap 
^enamelled  or  tinned  ware,  and  iu  the  adulteration  of  articles  of  diet,  for 
'  example,  Hour  or  pastry  coloiu*ed  yellow  by  cheap  biikitig  powder,  wines, 
^  beer,  nnd  cider,  tinned  meats,  cre-im  of  tartar,  and  tea  wrapped  in  leaden 
^Kctil.  The  latter  is  a  source  of  danger  because  of  the  excessive  tea-dnnking 
^Pof  the  labouring  classes.  It  is  only  right  to  add  that  load  has  not  always 
Hl}een  found  iu  tinned  jellies  and  meats,  although  present  in  the  solder. 
"  A  cheap  solder  ia  sometimes  used  in  France  for  sardines :  it  contaiiiB 
1      67  per  cent  of  lea*l  and  33  of  tin. 

^^       It  is  sometimes  extremely  diHicult  to  detect  the  source  of  plumbiHni. 

^^A  short  while  ago  a  lady  was  sent  to  mo  from  Macclesticld  suffering 

from  extreme  anfemia,  headache,  and  recurrent  colic.     As  her  symptoms 

nlways  diwippe^ired  when  she  went  away  from  home  for  a  period,  the 

dl-papcr  of  her  bedroom  was  examined,  and  found  to  contain  lead  :  no, 

too,  did  the  i>atient*s  urine.     After  treatment,  removal  of  the  wallpaper, 

^«nd  change  of  the  Iwdroom  for  a  time  the  jwitient  made  a  good  recovery. 

Lcfour  quotes   the   case   of   a  husband    and    wife    who   wore   flimihuly 

[Affected  by  a  wall-paper  which  contained  23  grammea  of  lea<!  per  square 

letre.      (Jut  of  11    samples   of  wall-pa[)er  examined  9   contained   lead 

varying  from  IS  to  119  grammes  jicr  ?<iuflre  metre. 

Industrial  leiul  jxtisoning  claims  many  victims  annually  due  to  the 
inhalation  of  du.st,  the  swallowing  of  impregnated  sidivn,  eating  with 
unw:ished  hands  in  the  workshop,  the  adhesion  of  lead  dust  to  the 
clothes  uf  the  wurk|ieopte,  or  to  the  solution  of  it  in  the  sweat  and 
absorption  by  the  skin.  Impixivetl  ventilation  of  factories,  attention 
to  stringent  rules  of  cleanliness,  restriction  of  female  labour,  medical 
examination  r»f  the  work-people  on  first  entering  the  factory,  and  after- 
wards at  weekly  pcrio<ls,  have  done  much  to  diminish  industrial  plumbism  ; 
but  the  abolition  of  all  hand -work  and  the  substitution  for  it  of 
electrolysis  in  the  manulacture  of  leatl  are  highly  desirable. 

Lead-mining  iu  this  country  is  no  longer  the  extensive  industry  it 
was  of  yore.     It  is  still  pursueil  in  some  of  the  dales  of  Ihirham,  York- 
shire, Cumberland,  and  the  Peak  of  Derbyshire.      Foreign  ores,  particu- 
larly the  Australian  and  Spanish,  are  richer  in  silver  than  ours,  sn  that 
VOL.  II.     PT.  i  3  .\ 


nt  the  present  time  most  of  the  nietaltii;  or  pig  lead  used  in  this  ooouti} 
id  iinprirted.  English  leAdoro  seldom  contains  more  tlian  eight  or  Ub 
ouncos  of  silver  to  the  ton ;  but  in  Spanish  there  may  be  40  to  80  ntioa* 
to  the  ton.  The  process  of  desilvfriaation  cannot  be  rcganl**!  u  u 
tinhealthy  one  to  the  operative.  The  silver  is  extracted  by  the  tiu  <« 
I'arkes'  process,  the  principle  of  which  is  that  in  smelting  the  ow  oac 
jiUo.va  iuelf  with  silver  ;ind  floats  on  the  siirfjice. 

The  British  Ic-wl-miner  runs  little  or  no  risk  from  plumbism.  The 
getting  and  handling  of  the  ore  is  iinattendeti  by  such  symploms  as  colicr 
headache,  or  paraly.sis  ;  for  in  Britain  tlie  lead  in  the  mines  is  alnMt 
pure  metal  mixed  with  spar.  In  the  Broken  Hill  mine«  of  Aiutnbi 
the  ore  exists  in  the  form  of  cjirlionate  ;  and  many  of  thf  miners  then 
have  died  from  lead  encephalopathy.  The  lead-miner  at  home^  bo»- 
over,  runs  other  risks.  The  mines  in  many  instances  are  deep.  daoi|^ 
and  badly  ventilated — and  the  ingress  and  egress  are  difficultH  Tbeaii 
become  prematurely  old :  they  suffer  from  cough  and  spiL  Many  ti 
them  die  of  phthisis,  in  which  the  lungs  present  the  cbatacters  of  fibnid 
change.  In  the  indurated  Uing  we  find  no  traces  of  lead,  but  tabmb 
hHcilli  are  in  the  expectoration.  Many  of  the  lead-miners  also  suffer  fran 
distorting  rheumatoid  ^itfections  of  the  joints. 

The  dangers  of  plumbism  arise  during  the  smelting  of  the  mctti; 
but  of  late  this  has  been  diminished  by  placing  a  hood  in  front  of  iKl 
furnace,  and  by  free  ventilation.  Nevertfaele&s  leod-smelters  ore  pale,nl 
occasionally  suflbr  from  colic.  But  there  is  a  more  widely  sprcsid  dMipr 
ihaii  that  to  Lhe  smelter.  The  white  fumes  that  issue  fnmi  the  tlAck 
contain  large  quantities  of  lead  ;  and,  as  the  lead  is  de{M>8it«d  on  the  ml. 
cattle  grazing  in  the  neighbourhood  have  sutfered  and  died  from  plumhtn, 
the  disease  being  8i>oketi  of  as  "bellonil"  Moreover,  the  flues  from  tht 
smelting  stacks  have  to  bo  cleaned  out  from  time  to  time  ;  and  the  men 
who  enter  them  for  this  pnqjoso  sulfer  from  se\eru  headache  ami  gi'ldi- 
ne.ss.  Tbe  renielting  of  old  leail  is  not  without  danger ;  and  ha  this  ii 
freipiently  carried  on  in  small  shojw  or  private  houses,  people  Uvitig  in 
the  immediate  neighlxiurhood  have  shown  symptoms  of  jilumbism. -sod 
pregnant  M'omen  and  animals  miscarry.  In  the  fumes  cmitteti  from  the 
chimneys,  lead,  zinc,  manganese,  and  arsenic  have  been  found.  Thf 
melting  of  old  lead  pi[>es  is  then,  in  my  opiiuon.  nuieh  mnre  dajtgvroM 
th:in  smelting  the  ore,  probihly  from  the  huge  quantity  uf  lead  cairhnmU 
or  organic  compounds  present.  A  similar  danger  attends  tbo  breaks^ 
up  and  burning  uf  (j1«.I  railw-iy  ciinlagcs. 

The  white -lejul  factories  supply  the  largest  number  of  canet  <4 
plumbism.  Lead  poisoning  also  occurs  among  potters,  who  dip  their 
ware  in  glaze,  and  amongst  onamel-platc  makers  and  tiimera  nf  chap 
hollow  ware.  Metallic  lead  is  not  so  djingerous  as  its  saltA,  and  jei 
the  file-cuttei*9  of  Shethcld  who  hammer  thuir  hle«  upon  a  Iwui  rii'*hi**n 
frequently  suffer  from  jilumbism.  The  more  sohiblo  the  salt  of 
greater  is  the  danger.  White  le/ul  or  carbonate  is  the  mo«t  : 
owing  to  its  extensive  employment,  and  it  is  on  this  accoiuit  that  tuiou 
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iibatitutes  have  been  tried  for  it ;  but  for  purity,  whitenosa,  aud  durability 
exposure  it  is  still  superior  to  all  pigments.     White  lead  is  usually 
lade  in  this  couutry  by  what  is  known  as  the  o)d  Dutch  proceas,  for  the 
[etails  of  which  cheraicvtl  tcxt-book&  should  be  consulted. 

House-piiinters  snlJer  from  phimbism.     In  burning  off  the  old  paint 

ihere  is  us\mlly  considerable   stithe ;    inhalation   of   which  causes  colic, 

romiting,  and  severe  headache  with  consiipalion.     This  pretiisposes  the 

Lii\idnnl  so  far  ihnt  he  readily  succumbs  to  a  fresh  invasion  of  the  poison. 

[t  is  not  so  much  the  use  of  the  brush  luid  inhalation  of  the  tcrebinthin- 

ktdd  lead  vapour  that  affect  boiise-paiuters.     >Seveml  coids  of  paint,  for 

imple,  have  to  be  applied.      After  the  processes  known  as  "prime" 

>louring  and  **  puttying "  with  white  lead  comes  the  **  flat "  colouring. 

is  when  these  coats  are  dr>*  that  the  paint«r,  using  sand-pajKjr  to  make 

e  suKacc  Hat,  creates  a  cloud  of  dust,  inluilalion  of  which  is  frequently 

jllowed  by  cobc  or  wrist-drop.     Similarly,  in  paint  and  colour  works  it 

the  dust  generated  during  the  grinding  and  mixing  of  white   leud   that 

the  main  uau^iO  of  plumbism.     The  men  who  work  in  electric  accumu- 

itor  factories,  and  who  hU  in  the  plates  with  a  Iwid  paste,  are  particidarly 

ible  to  colic  aud  the  severer  forms  of  pluinbisni.     Lciid  poisoning  in 

ac  circumiitancca  develops  with  extreme  rapidity. 

Lead  gains  access  to  the  system  by  the  skin,  the  respiratory  [mssages, 

|iuid  the  int-estinal  tract      It  may  also  enter  through  the  vaginal  mucous 

[luonibrano  from  the  use  of  lead  lotion  in  duvu-liing,  and  the  lacrimal  by 

>llyria.     Animals  whose  skin  hi\&  been  smeared  with  olcatc  of  lead  hive 

the  long-continued  ai>pUcation  of  medicatwl  plastei-s  and  the  use 

cosmetics  and  hair-dyes  containing  lead  have  caused  plumbism,  also 

le  frequent  handling  of  metallic  lead.     The  metal  or  its  sjdts  in  the 

Fform  of  dust  may  enter  by  the  respiratory  channels  ;  the  salt*,  Incoming 

b^deposited   by  the  alkaline  juicei*  of   the  respii'utory  jiassagcs,  are  first 

l©onvert*?d  into  carbonate  and  then   into  the  more  soluble  Ijiwirbonate. 

When  lead  has  thus  gained  access  symptoms  are  quickly  inducwl,  and 

tht»y  Ai'e  usually  more  severe  than  when  the  metal  has  been  swnllowod. 

Entering  the  gas tro-iu test iual  canal,  it  is  acted  upon  by  the  gastric  juice. 

the  hydrochloric  acid  of  which  is  sufticient  lo  convert  u  (piantity  into 

sohdile  chloride.     It  luis  been  demonstrateil  that  iluring  the  simultaneous 

digestion  of  proteid  a  very  smiiU  quantity  of  lead  only   is  dissolved. 

Lea<]  salts  are  also  dissolved  by  bile,  but  if  bile  is  allowed  to  net  upon  fat 

at  the  siime  time  very  little  of  the  salt  enters  into  solution.     We  have 

found  pancreatic  juice  inactive  upon  lead.     It  is  ihe  hytlruchloric  acid  of 

the  gastric  juice  that  is  the  active  agent      W  hen,  therefore,  lead  sidts 

have   p;issed  out  of   the  stomach  along  with  the  acid  chyme,   there  is 

nothing  in  the  intestine,  except  bile,  likely  to  act  upon  them — imless  it 

be  the  acid  ]>rotlucts  of  bacterial  life — and  as  sulphurettod  hydrogen  is 

always  present  in  the  intestinal  caunl.  there  is  the  probability  that  an 

insoluble  lead  sulphide  will  be  forme<l,  and  thus  eliminated.     Plumbism 

is  more  likely  to  arise  where  very  minute  quantities  of  lentl  are  rei^jatedly 

taken  into  the  system  ihau  after  a  few  larger  doses.     Small  quantities 


are  more  completely  dissolved,  are  more  readily  absorbed,  and  Ml  * 
freely  e1iminHte<l. 

It  is  with  plumbisni  its  with  intoxication  in  general ;  cottun  axmm 
stanceH  intensify  the  disposition  to  it :  the  younger  the  age  the  feiwip 
the  liability,  and  iwirticuliirl^'  ii*  this  the  case  with  women.  V«ct| 
women  who  are  anemic  and  illnoiirished  ore  rapidly  brought  under  ihs 
innuenc^i  of  thci  meuil,  and  in  them  the  nervous  system  ie  ee^icciaUv  i|» 
U)  suffer.  In  one  of  my  own  cast's  a  month's  work  in  a  wKit<-liB0 
factory  proved  fat^  to  a  girl  In  five  years  ended  June  \SS9,  1^  cmb 
of  lead  poisoning  were  admitted  into  the  Newcastle  Intirmat}' :  i4  iktm 
91  were  women  and  44  men.  The  susceptibility  of  women  w*»  exhii«^ 
from  the  agos  of  18  to  23  ;  the  largest  number  of  fuJmission^ 
19  and  22  yejtrs  of  age  :  the  greatest  susceptibility  of  men  wa.-  , 
to  48.  In  a  second  five  years'  series  of  admissions  ended  June  i^n 
the  largest  number  of  female  admissions  was  at  the  ages  of  I!>  and  S3; 
and  whilst  males  shewed  a  tendency  to  suffer  at  2ti,  tbe  Urgcr  ntimttf 
occurred  after  40  years  of  age. 

The  drawing  or  emptying  of  "  stovee "  is  regarded  n»  ihe  mm 
dangerous  part  of  whitt?  •  lead  making.  Improper  ieediag,  gMMnd 
destitution,  and  previous  illnesses,  alcoholic  intemperance,  and  watti^ 
in  a  badly  ventilated  factory^  are  circumstances  which,  with  memttvl 
irregularities,  strongly  dispose  young  women  to  lead  ixiiMoning,  Duraf 
recent  years  outbreaks  of  lead  poisoning  have  occurred  in  the  miJkod 
counties  among  women  of  the  child-bearing  age  from  tbo  iogesfiioa  d 
diachylon  iis  an  aburLifacicnU 

Lead  [)oisoiiing  occurs  in  four  forms.  lu  the  first  colto  is  the  nod 
imporUnt  symptom  ;  in  the  second  the  central  nervous  system  is  JB» 
fouudly  atfect^d,  the  patient  lieing  the  subject  of  epileptiform  leiiUM 
called  "lejid  encephalopjxthy  "  ;  the  ihirfl  is  the  neuro-muscuUr  form,  b 
which  "dro|>-wrist  *'  i«  the  most  marked  symptom:  and  in  the  foartk 
are  included  all  those  cases  of  chronic  plumbisni  chanicterlaed  by  proioaiid 
cachexia,  early  decrepitude,  and  albuminuria. 

Colic  is  usually  one  of  the  earliest  symptoms  of  lead  poisoning  btii  il 
is  generally  preceded  by  anaemia.  One  of  the  earliest  iodications  «( 
plumbism  is  a  peculiar  amcmia  or  cachexia — the  face  hecome«  pade^  ud 
there  is  complaint  of  inability  to  take  food,  p^irticulorly  in  tbc  monttt^ 
u  metallic  taste  in  the  mouth,  arul  of  sickness,  with  or  witfaoat  ooB- 
stipation.  If  these  premonitions  l>e  disregarded  the  patient  is  s<xiuer  or 
hkter  ."foi/ml  with  acute  abdominal  pain,  usually  |>arox\snial.  CoLie,a«A 
nde,  is  accompanierl  by  constipation,  but  not  necessarily  so.  The  bo««k 
may  be  fairly  regular,  very  constipated,  or  slightly  loose.  As  a  rule  i^tf* 
is  constipation,  and  that,  too,  of  an  obbtitiate  chanicter.  Since  oobc, 
constipation,  and  vomiting  are  usiutlly  present  together,  thev 
the  saturnine  triad.  The  al)dominal  jwiin  may  be  «*>  severr  fh 
patient  cannot  allow  the  abdomen  to  be  touched.  In  otli' 
is  obtjuncd  by  firmly  pressing  the  abdomen,  or  by  apph  .-_. 
externally.    The  pain  of  lead  colic  has  a  double  character :  it  is 


or  Heep,  i.f.  dermal  or  muscular.  lb  is  the  former  or  paroxysmal  pain 
which  18  aggmvated  hy  pressure,  the  other  is  constant  and  is  more  of  a 
dull  iiching.  Thiyn  after  the  superficial  or  |k'u-oxysni:il  pain  has  suhsiileil 
deep  pressure  n]tou  the  ahdomon  elicits  signs  of  sufi'oring,  and  the 
peculiarity  of  this  pain,  and  soniutimes  too  of  the  colic,  is  that  it  is 
cither  limited  to  one  side  entirely,  or  is  more  acutely  felt  on  pressure  on 
one  side  than  the  other.  Frequently  localised  near  the  umbilicus,  it  may 
extend  as  far  out  as  the  external  border  of  the  rectus  muscle  ;  or  it  may 
be  diffused  over  the  upper  half  or  two*thirds  of  the  alrfJomen.  Accom- 
}ianying  the  colic  there  may  be  painful  micturition,  pain  in  the  region  of 
the  kidneys  or  in  the  teatea  with  retraction  of  those  glands.  The  nuiseulai" 
walls  are  generally  hard  and  retracted,  but  not  necessarily  so.  for  the 
abdomen  may  be  of  normal  form,  or  there  may  even  be  localised  or 
general  distensiott.  One-sided  localisation  of  the  fuiin  is  notable,  and 
concurrent  with  it  I  have  frequently  noticed  that  extreme  pain  is  felt 
when  firm  pressure  is  made  upon  the  line  of  the  vagus  in  the  neck, 
particularly  on  the  corr<?sp^>nding  side.  It  is  interesting  to  note,  too,  that 
during  recovery  the  diwippcarancc  of  tlie  vagus  pain  in  the  neck  is  con- 
lemiwraneous  with  that  whicii  was  elicited  by  pressure  on  the  abdomen. 
Moreover,  the  ]>upi)s  are  generally  uni*qual  ;  the  rule,  though  not  an 
invanable  one,  being  that  the  pupil  on  the  same  side  as  the  abdominal 
pain  is  smaller  'I'he  radial  pulses  also  are  une(|tial,  that  on  the  affected 
Aide  being  stronger  or  we:iker  as  the  case  may  be.  In  addition  to  colic, 
ire  k  \mn  in  the  muscles  of  the  arms  or  legs.  The  kneo-jerk  is 
lalJy  exaggerated  on  the  afrect«4i  slrle.  Even  when  the  colic  is  dis- 
tributed all  over  the  alMlomeii  the  pupils  may  be  unc(^[ual ;  one  or  lioth 
may  be  dilated,  and  there  may  be  the  inequality  of  the  radial  pulse 
already  described. 

Omstipntioti  gcncndly  accomjuinies  the  colic,  but  relief  to  pain  does 
not  imme4iiately  follow  the  action  of  the  Ijowola.  For  several  dftys.  even 
though  the  bowfls  are  being  moved  by  aperients,  pain  may  still  be 
compI;iineil  of  and  vomiting  mjiy  continue.  Occasionally  diarrha*a  is 
present  and  persists  rluring  the  coUc.  N\Ticn  the  colic  is  severe  the 
piitient  looks  thoroughly  ill ;  the  face  wears  an  expression  of  suffering, 
he  rolls  aliout  in  agony,  and  is  with  ditlicidty  restrained.  This  peculiar 
^restlessness  is  characteristic  of  acute  lead  colic.  The  iicuto  a1>dominal 
in  may  last  from  three  to  eight  days  and  then  disappear,  the  cure 
being  complete  ;  but  in  the  chronic  foi-m  the  pains  may  recur,  although 
with  less  severity,  especially  after  fooil  or  fatigue,  and  be  accompanied 
by  nausea.  Usually  acute  leiul  (»lic  is  unaccompanied  by  a  rise  of 
tomporature.  When  there  ia  feverishncss  there  is  a  slightly  increased 
pulse-rate  iird|K)rtionHl  to  the  pyrexia.  A  liie  of  temjterature  with 
colic  suggests  the  pi-olHibility  of  a  subacute  gJistro^nteritis. 

It  is  ditbcidt  to  explain  the  colic.  Some  authors  believe  that  lead 
acts  priraarily  upon  nerve-ganglia  ;  others  upon  the  muscular  fibre  of  the 
intestinal  wall,  or  upon  the  musculature  of  the  intestinal  arteries.  Dr. 
Haig  attributes  it  to  the  deposit  of  an  insoluble  lead  urate,  and  therefore 


ndtninisters  sodium  salicylate.  In  animnlR  that  huve  died  fn>in  plamfaiBi 
I  have  found  the  smftU  inteatine  irregularly  contracted  ;  at  pUev  •» 
extreme  was  the  spasm  that  the  intestine  felt  like  a  piece  of  cortl— «i 
calibre  being  obliterated.  Was  the  contraction  of  the  intestine  io  ^tm 
cases  diie  to  the  direct  action  of  lead  upon  the  rauBi'ular  fihrix  tjr  li . ' 
arteries  become  contracted  primarily,  and  thus,  by  shutting  off  tl., 
supply,  cana^-d  nervoiiR  excitation  and  muscular  contraction  1  '  -  <  * 
the  pain  is  due  to  extreme  spasm  of  portions  of  the  intestine  and  pir-^. 
upou  sensitive  nerves — and  the  recturent  pain  woidd  be  exphiinod  by<fci 

efibrt  of  the  dilated  segments  of  llie  intestine  to  pass  on   t'    ■-     

into  the  constricted  portions  belo"vv.     Spasm  and  arterial   i 

cuttin;^  off  the  supply  of  litjuid,  would   aggravate   constipiilion.      ii  u 

probable  that  the  nerve-ganglia  are  first  affected. 

Lea4  Colir  i\nd  AppfT^didHs.- — In  lead  colic  pain  may  bo  rofemd  w 
either  iliac  fossa.  Considerable  difficulty  of  diagnosis  may,  theivfore,  1» 
experienced  when  pain  is  complained  of  in  the  right  ileo-raod  rcgint 
Patients  suffering  from  lead  colic  have  l>een  operated  upon  fur  supjwwl 
appendicitis  which  w.-is  not  present,  and  operations  have  not  \\^<^.u  Aw 
when  they  ouglit  to  have  been.  The  difficulty  of  diapnitwis  U  inrresMd 
by  the  fact  that  a  patient  who  is  sufierirg  from  lead  cfilic  may  bin 
appendicitis  .'is  well.  It  is  a  moot  point  as  to  how  fur  load  m  «  utn 
agent  may  be  a  cause  of  appendicitiii,  since  perforating  apjiendiritis  foHoiral 
by  death  is  known  to  have  occiured  in  plumbiam.  A[>petidiciti»  wflttM 
thiui  be  a  complication  of  lejid  colic.  Tlie  only  thing  to  do  in  ^ 
circumstances  is  to  watch  the  [wtieni  carefully  for  a  few  hours.  A  »lti« 
pulse,  ab.=;ence  of  fever,  early  vomiting,  and  a  diminished  area  of  hepuk 
dulnefis  would  fuvonr  the  diagnosis  of  lead  colic  a»  against  appeiulicttft- 
A  diagnosis  cannot  be  made  on  the  situation  of  the  pain  alone,  for  wfaik 
in  Ibad  colic  this  is  usually  the  umbilical  area,  the  pain  may  ^xtnal 
beyond  this  area  :  it  may  be,  e.g.^  epigastric  or  hypogastric,  and  bcndei 
in  appendicitis  the  pain,  though  usually  referred  to  and  a;;gniratcd  \ff 
pressure  in  the  ilfto^^fecal  i-egion,  does  not  always  commence  thfin*. 

Accompanying  the  colic  we  find — (i.)  the  radial  pulse  extre!in«hr 
small,  almost  impei-ccptible ;  or  it  is  hard,  resistant,  and  of  high  leiuion: 
(ii.)  oliguria — ^tho  excretion  of  urine  is  reduced  to  a  minimum.  Tl» 
ptdse  may  be  as  alow  :is  40  to  the  minute.  In  some  pHtiont«  an  cxtrvmvlT 
feeble  pulse  is  characteristic  of  this  )>Griod  ;  so  feel>]e  is  it  thnt  *!xrrs  tlit 
Bphygnioirraph  may  fail  to  regist-cr  it,  and  yet  during  colic  "  U 

heightened  arterial  blood-prossnre  which  come«  and  goeswi  .m. 

It  is  no  uncommon  thing  for  colic  to  rlis;ippear  and  rnappoar ;  and  th* 
change  is  acconiimnietl  l>y  relaxation  and  heightening  of  th«  art«rul 
pressure.  Etisappearance  of  the  colic  is  URUally  attendwl  by  «  return  of 
the  blood- pressure  to  the  normal.  It  does  not  ncccfisaiily  fctllow  that  t)it 
high  blocKl'pres.'^nre  is  due  to  the  alMkiminul  ymiu  foi-  it  may  |Mir«]*t  b 
the  intervals,  Ijcsidos  the  urtcrial  ]>rcsHure  is  not  high  in  othiT  form*  << 
colic.  Still  in  leail  colic,  intestinal  spasm  and  vaso-constriclion  in  lK# 
splanchnic  area,  which  is  one  of  the  principal  cansos  of  high  wtcrU 
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preesure,  frequently  go  together.  The  small  ninnunt  of  urine  excreted 
during  colic  is  noteworthy.  U  may  fall  as  low  nh  8  to  ]'J  ounces  )*er 
diem,  and  in  young  subjects,  pjirticularly  in  first  lUtftckfi,  it  is  free  from 
nlbumiu.  Kxcept  that  it  contains  too  little  urwi  the  urine  at  this  .stage, 
although  lessened  in  tjuantity.  presents  no  sfifcial  fcutnrc.  M'bcn  the 
colic  di8ai)pcars.  not  only  docs  the  quantity  of  urine  rise,  but  the  luvu  fts 
well.  If  suturnirte  cotic  be  unaccompanied  by  complications  the  |}atient« 
gradujilly  reciner,  although  in  the  early  Htagcs  there  are  apt  to  be 
remissions.     The  mortality  in  this  condition  is  practically  speftking  nil. 

In  plumbism  the  face  is  usually  {Nile  ;  in  the  chronic  forms  the  face 
is  rounded,  the  features  are  oxpresaionlefta,  and  the  mifrmia  pneseci  into  u 
cachexia  which  ni»y  never  disappeiir.  On  the  gums  may  be  observed  a 
blui.sh-btack  line  along  the  margins  close  to  tlie  teeth  ;  this  is  abgunt, 
however,  if  the  teeth  have  fallen  out,  and  in  peoplt!  who  have  regularly 
cued  the  tooth-brush.  It  is  frequently  associated  with  idceration  ai;d 
retraction  of  the  gums,  so  that  the  teeth  appear  elongated  and  iliacoloured. 
Kunning  up  between  the  teeth  may  be  seen  small  pyramidal  masses  of 
gum  with  well-defined  blue  margins.  First  described  by  Burton,  the 
presence  of  the  hhtr  line  on  thr  /ptmn  is  a  considorabte  aid  in  diagnosis : 
and  yet  it  may  be  present  for  months  in  the  gums  of  Iciui-workers  who 
are  not  suffering  from  pluml'ism.  Its  persistence,  however,  i«  «n 
indication  of  the  presence  of  lead  in  the  system.  Other  sntmtances 
besides  lead  may  cause  a  line  on  the  gums.  I  have  scon  a  deep  black 
line  on  the  gums  of  a  coal-miner.  In  people  who  have  lieen  taking 
bismuth  or  copper,  anil  wliose  teeth  are  decayed,  a  livid  line  is  occA£ionaIly 
met  with  ;  in  a  child  poisoned  by  tetrachloride  of  gold  Sir  T.  Stevenson 
found  a  purple  black  line  at  the  junction  of  teeth  and  gums.  A  delicaU' 
blue  line  is  sometimes  noticed  on  the  gums  of  workpeviple  exiK)s<  d  for  a 
few  hours  to  an  atmosphere  laden  with  lead  dust ;  but,  a.s  it  ilit>appeur& 
on  rinsing  the  mouth,  it  is  a  de}M>sit  of  sulphide  of  lead  on  the  mucous 
membrane  and  not  in  it.  The  characteristic  blue  line  occurs  ut  the 
margin  of  the  gum  where  it  is  not  in  complete  apposition  with  the  teeth  ; 
and  it  is  usually  more  pronounced  on  the  lower  than  the  up|>er  gtuii. 
The  pro«€nce  of  b<id  teeth,  ulcerated  gums,  and  want  of  cleanliness  favour 
its  establishment.  In  a  few  days  after  oxpoeure  to  the  poison  the  line 
mny  appear,  and  it  persists.  It«  disappeanmoe  is  not  ])erccptibly 
hastened  by  friction  or  by  the  twe  of  mouth-washes  ;  nor  is  it  quickly 
removed  by  medicines.  The  shortejit  tiroes  in  which  I  have  noticed  its 
disappearance  are  from  two  weeks  to  foiu*  months.  On  other  iiortions  of 
the  mucous  menibnme  of  the  mouth  bluish -black  patches  may  be 
observed  ;  a  fi-oqnent  site  of  them  being  just  inside  the  lower  lip.  It 
has  been  stated  that  the  wlministration  of  potassium  icMlide  in  a  case  of 
plumbism  will  bring  out  the  blue  line  if  absent;  but  we  have  no  proof 
of  this.  On  microscopical  examination  of  the  gum  fiumerous  black 
granules  of  sulphide  of  lead  are  obeerved  in  the  deeper  cells  of  the 
epidermis,  also  in  the  large  phagocytic  cells  of  the  connective  tissue 
whore  ulceration  has  taken  place*  and  not,  as  Fagge  taught^  in  the  snutll 


blood-vessels.     (JccHsioniilly  tho  mucous  membnme  of  the  lower  pn  ni 
the  small  intestine  or  of  tlio  ascending  colon  ahcws  pAt«fae»  of   ' 
black  staining,  :itid  on  microscopical  examination  the  deeper  tvlls  - 1    _ 
mucosjL  are  found  to  contain  particles  of  sulphide  of  lead. 

As  regards  the  pallor,  which  is  nearly  always  present,  or  lb©  wcD- 
marked  Ktiturnine  cjichexia  of  the  older  cases,  the  blood   is  doficiQCic  is 
reti  cells  without  any  incruast^  of  the  white.      In  plumbism  tbc  {> 
tho  fjice  U  oitan  greater  than  the  hlood-count  expUin^.     The  rwi 
corjiUBcles  in  my  own  patients  hjive  varied  from  2,70U,OOU  to  3,"'' 
per  c.min.,  the  white  corpiisclcB  have  averagtU   10,000,  and  treqi.i..  .j 
the  biemoglobin  has  been  loss  than  50  per  cent  of  tbo  normal.     It  wwU 
sometimes  api>ear  as  if  tho  anaemia  was  pro|>ortional  to  the  lenr*'^    ' 
exposure   to    load.      Mr.   Goadby  draws  attention   to  tlie    jir*f,s. 
minute  basophil  granules  in  the  red  blood- corpuscles  of  1«m1- worker- 
with  Lf^ishman's  stain  look  bluish-green.     Plehn  found  similar  U-: 
malaria.     Andn-  found  not  only  Ira-sophil  granules  in  the  erythrocyte*, 
but  al&o  a  few  nuelcated  rod  blood -corpuscles  in  a  man  who  had  been 
expo8e<i  to  lejui  for  only  three  months.     In  one  of  my  own  patienu  x)n 
blood  on  microscopical  examination  was  found  to  contain    S^SOOj"  '    : 
corpuscles   per   c.mm.  and  68V5  white,   the  ditferential  leucoivi 
being — iwlymorjihomulear,  66  per  cent;  small  lymiihocyte,  20  pt-r  >   i : 
large  lymphocyte,  0  per  cent;  eo9ino[)hil,  M  per  cent.     The  thymi'i  ;.:'.  nt 
is  extremely  small,  and  in  old   cases   there  is  atrophy  and  gelatiooai 
degeneration  of  the  marrow  of  Iwnes.    Prof.  Stockman  and  Dr.  Cbortcna 
examined  the  bnne-marrow  of  the  femora  of  t«n  tabbtis   poieoued  hv 
load,  and  found   that  while  the  fat-cells  bad  disapi>carcd   there  '' 
increase  of  the  marrow-celU,     Thu  cells  that  midtiply  are  thv  leur.. 
i,t:.    those   which    give    rise    to    the    finely   granular    |iolymi>rphnnii' ^ 
leucocytes  of  tho  blood.     It  may  be  that  this  increuAed  mimber  of  icui  j 
cytes  has  for  it^i  object  the  absorption  of  the  poi«ou,  since  u  aimilar 
condition  is  observed  in  arsenical  and  other  forms  of  mineral  pr>' 
and  in  toxiemiaa.     Tho  submaxJUary  gland  nuiy  !«   swoUt^n,  /»! 
pHi-otid  and  j*ublingual  glands.      Occasionally  the  nails  exhibit 
changes.     They  brcjik  readily,  arc  short  and  iiotchetl.     In  a  feniai 
worker  I  fomid  the  nails  of  the  h^uids  and  feet  ha<l  a  peculiar  yellow-hruwii 
colour  as  if  they  had  been  painted  unth  we;dc  iodine.     Associated  with 
trophic  changes  in  the  nails  there  is  usually  neuritis. 

ft  may  be  partly  due  to  anajmia,  and  to  the  iMciiliar  cttects  of 
u{K>n  mcnstniation,  that  women  are  more  suecoptible  than  men,  until 
an  earlier  age.     This  is  not  beciuse  wnraen  arc  more  ex[>us<>d   to 
aj)ecially  dangerous  processes  in  the  manufacture  of  white  lead.     31 
atruation   is  apt   to   be   increiLsed ;    but  whilst   in   many  caaM 
menoiThagia  every  two  or  three  weeks,  in  not  a  few  there  is  amonc 
Home  writers  attribute  the  headache,  so  frw|uenlly  compIainiHi   of! 
female  load -work  ere,  to  the  Htvinty  menatrualion.     This  may  aggrai 
but  it  is  not  the  cau-se  of  the  headiiche,  for  hciulacbo  is  equally  a  symiiUim 
in  plumbiam  where  there  is  menorrhagia.     Pregnant  women  readily  aborL 


So  frequently  is  the  tendency  to  miBcarry  exhibited  hy  female  lend- 
workera,  that  the  only  means  sometimos  hy  which  the  full  terra  of  preg- 
nancy can  he  reached  ih  to  leave  the  factory  altogether.  This  tenilency 
to  miscairy  is  Bfjiially  wt*!!  seen  in  the  lower  itiiimjils  under  experimental 
plumhisni.  Kahbits  r<VMlily  thus  almrt.  In  the  lower  animals  the 
influence  of  sex  in  increasing  the  suacoptihility  to  plumbism  is  just  aa 
noticeable  as  in  the  human  female.  In  the  female  sex  generally,  not 
only  is  metabolism  less  active,  but  excretion  is  not  so  well  performed : 
women  suffer  more  from  constipation  than  men,  and  though  they  pass 
relatively  as  large  a  quantity  of  urine  as  men,  it  has  a  lowtT  Hiwcific 
gravity,  and  ia  relatively  deficient  in  solids,  particularly  in  urea.  The 
elimination  of  nitrogen,  therefore,  is  not  so  perfect  as  in  men,  and  it  is 
distur)>ed  by  the  return  of  each  menstnial  period.  Add  1o  the  effects  of 
diminished  nitrogenous  metabolism  and  to  variations  in  renal  excretion 
those  of  constipation  and  irregular,  profuse,  or  scanty  menstruation,  and 
we  probably  have  the  explanation  of  the  grejiter  suRceptibility  of  women 
to  learl  poisoning  than  of  men. 

TVfc  »r^w^3  t'lfsi^'in  is  pecidiarly  prone  to  be  affected  by  lead,  and  the 
exteta  to  which  it  is  aflectol  is  a  measure  of  the  menace  to  life,  folic 
or  wiist-drop  usually  precedes  corebnd  sjTnptoms  in  plumbism  ;  but  in 
many  cases  the  only  premonitory  symptom  ia  severe  headache,  during 
which  the  l^u-Jw  c^^lrruh  may  lie  obtained  ;  and  tlien  without  furtlier 
warning  the  patient  is  suddenl}'  seized  with  a  fit  of  varying  severity  and 
duration :  this  passes  off,  only  to  be  repeated  with  increasing  severity, 
until  the  patient  {jasses  into  a  state  of  coma  frou]  which  he  may  never 
rally.  Epileptiform  seizures  may  hv  the  only  symptom  of  plumbism  ; 
but  in  other  cases  colic,  wrist-drop,  and  fita  arc  present  at  the  same  lime. 
To  the  epileptiform  seizures  the  term  "load  encephalopathy  ''  is  applied, 
and  of  alt  forms  of  pIumbiHiii  this  is  the  mo^t  dangerous.  It  is  the  must 
fatjd  form,  and  in  young  women  it  is  fret|Uontly  preceded  by  fiymptnms 
which  appear  to  be  of  a  hysterical  nature.  So  slight  and  seemingly 
functional  are  these  hysterical  symptoms  that  they  have  fr&piently 
thrown  aireful  observers  off  their  giiarfl.  Gradually  they  have  deepened 
and  been  succeeded  by  epileptiform  seizures,  and  within  two  days  the 
patient  has  died.  Debove  and  Achard  applied  the  term  "toxic  hysteria" 
to  those  cases  in  which  a  neurosis  arises  under  the  influence  of  in- 
toxication. Occasionally  in  plumbism  hysterical  parat^'sis  is  met  with, 
accom]vinicd  by  hemiana'sthesia  and  amblyopia  on  the  same  sido  and 
anosmia  on  the  opi^site.  Vet  wo  do  well  to  remember  that  saturnine 
toxic  hysteria  is  froquentl}*  the  forerunner  of  a  very  fatal  form  of  lead 
poisoning.  In  lead  encephalopathy  the  fit  may  only  last  a  few  minutes, 
consciousness  being  rapidly  rogainetL  The  patient  is  usually  very 
restless;  there  is  great  excitement,  amounting  to  delirium,  or  there  arc 
dulness  anfl  melancholia.  Tn  the  intcr^-als  the  puUe  is  sometimes  so 
feeble  as  scarcely  to  bo  felt ;  the  excretion  of  urine  falls — '^  or  4  ounces 
only  in  the  twenty-four  hours — and  it  may  contain  albumin.  The  fita, 
however,  keep  recurring,  and  in  one  of  them  the  patient  dies,  or  he  may 


h. 


rocover ;  but  his  vision  has  became  aflfocted  to  the  degree  of  coo^te 

or  incomplete  blindness  ;  or  aphasia  may  he  present 

In  the  ncuro-miiscular  form  the   patient,  after  hanug  eiperinurr! 
pain  or  numbness  in  the  muscles  of  the  foroaiiu  and   leg,  ani]  [- 
too,  but  not  necessarily,  one  or  two  attacks  of  colic,  suddenly  or  piii     . 
loses  the  power  of  his  wrist*  ;  the  hands  fall  powerless  from  the  «tio- 
or  the  arms  from  the  shouIderA,  and   he  lies  in  bed  with   hands  rr.---.  : 
unalile   U*  feofl   and   clothe   himself.      This   is  the    milder   form  \>'i    \r^i 
piiralysis,  and  it  utTect^  tlie  extensors  mainly.     The  jviralyfti^  is  tuutUv 
bilateral,  one  siile,  howeier,  being  generally  woi-se  than  the  other.    Tfc* 
musctoa  of  the  calves  are  tender  to  the  grnsp.     There  is  rapid  muKolir 
atrophy.     Occasionally  the  paralj'sis  is  wdely  distributed,  the  mn-''     ' 
the    trunk,    back,   and    shoulders  become    affected    and    are    [viuw 
pressure.     While  wrist-drop  is  the  common  form  of  leail  paralysis  in  iht 
adult,   it  is    not    so  in   children.      Iti   them   the   poison   Iuls  a  gmur 
preference  for  the  lower  than  the  upper  extremities — hence  ankle^ro^i 
with  lo^  of  the  plantar  reflex. 

In  the  fourth  form  are  included  the  victims  of  chronic  ptaahigii 
They  present  the  history  of  a  long  exposure  to  lead  and  i  ;     ' 

of  colic ;  possibly,  too,  of  wrist-drop  and  of  one  or  two  ( | 
The  p;itiont  is  extremely  cachectic  ;  the  rae^*ic;lr^M^-ph:lIJln^^Mi  jointi.  timv 
be  swnllcn,  or  other  joints  may  be  the  seat  of  gonl  or  rheumatism.  Tbtf 
extensor  muscles  of  the  wrists  and  fingers  may  lie  atrophied.  There  w 
gonoitd  mahmtrition  ;  the  gums  arc  ulcenited,  and  probably  shew  a  Mo* 
line;  the  sight  is  defective;  the  urine  contains  albumin;  the  be*lti 
grwlually  fails  ;  the  individual  is  prematurely  old,  and  he  dies  from 
some  intercurrent  disease.  At  the  iKist^mortcm  examination  the  bcurt. 
kidneys,  liver,  and  arteries  shew  {xitbolo^nad  changes. 

Paralysis  is  usually  regarded  as  a  symptom  of  chronic  pIumbioB ;  Int 
it  may  occur  in  the  «(.•«/«  form  without  being  preceded  either  by  colic  or 
headache.     The  loss  of  power  precedes  the  atrophy  ;  when  w:  * 
begins  it  a<lvances  nipidly.     Paralysis  of  the  extensor  nui 
wrists  causes  "  %mAt-drop,"  but  it  is  noticed  that  the  extensun^  <4  Un 
lingers  are  also  similarly  afiTcctod — not  all  equally,  however ;   Lht*  inlcT 
linger,  for  example,  may  not  be  so  deeply  paralysed,  and  consequ< 
recovers  more  quickly  than  the  others.     The  ttexors  of  the  fingt-: 
generally  become  paretic;  so  that  when  any  ciTort  is  made  to  ext> 
lingers  the  Hcxors  iraperfoctly  contract  anH  are  thrown  into  a  st  • 
tremor.     The  ."tupinator  longus  as  a  rule  esca^ws  ;  but  if  the  mn^  Ii  -^    >! 
the  upper  arm  liecome  affected  this  muscle  i^  not  exempted  :  •^uptuatiuu 
of  the  hand  is  accomplished  by  an  external  roUition  movement  of  tb« 
shoulder  and  a  throwing-oiu  of  the  hand  by  the  patient.     The  indexftngn 
may  be  affected,  whilst  the  little  finger  escapes ;  or  the  thumb  may  not  V 
so  easily  extcndc<l,  it«  abductor  and  adductor  muscles  being  jMiralyscd  ;  the 
fingers  probably  cannot  be  separnted  :   the  interosseous  groovus  .* 
and  the  iuu'k  of  the  forearm  becomes  tUittened  in  the  muscular  alt- 

Whilst  lead  has  a  strong  predilection  for  the  nerves  supplying  ti» 
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Muscles  already  mentioned,  thoee  may  escape,  and  those  of  the  upper 
Ann  be  attacked  ;  namely,  the  Duchenne-Erb  gronp — the  deltoi*!,  biceps, 
bmchiiilis  anticiiR,   and   snpimitor  tongns.      To  tbifi  gronp  is  generally 
superafided   paralysis  of  the  supra-   and   infra  spinati.      This  form   of 
paralysis  is  usually  bilateral,  and  occurB  in  the  more  inveterate  ty|)e8  of 
lead  poisoning.     Of  tliis  gronp  of  muselea  ftomt^times  the  deltoid  is  the 
only  muscle  affected,  as  in  a  case  reported  by  I>r,  Buzzard  ;  in  others 
ronly  the  supinator  longus.     When  the  whole  group  is  affected  the  patient 
II  unable  to  lift  his  arm — it  hangs  powdrleds  by  his  aide  :  he  cannot  Itend 
the  forearm  at  the  elbow  owing  to  paralysis  of  the  biceps,  and  yet  he  can 
ixknid    it,    the  triceps   having  escapefl.       It   is   said    that   in    this   state 
muscular  atrophy  and  the  disturbances  of  electrical  contractility  are  less 
pronounced  than  in  the  more  classic  form.     In  one  of  my  female  patients 
lot  ordy  was  the  Thichenne-Krb  group  of  muscles  affeclefl,  but  there  was 
paralysis  of  the  supinator  longus  and  of  the  extensors  of  the  wrists 
fingers :  the  muscles  of  the  pelvis,  legs,  and  feet  also  became  weak, 
rt  WAR  a  mild  form  of  an  acute  multiple  |>aralysi.s,  accompanied  by  .severe 
^^  pain  and  rapid  atrophy  ;   it  resembled  the  widely  distributed  jiaralysia 
^bmet  with    iji    polyneuritis,   l>oth   as  regards  pain   in   the   muscles,   the 
^■distribution  of  the  paralysis,  and   the   rapidity  of  its  development :  the 
^VIc nee- jerks,  however,  were   eAaggerated.      In  fatal  cases  the  paralysis 
^^  invades  the  mtisclos  of  respiration — for  example,   the  intercostals,  the 
diaphragm,  anrl  the  muscles  of  the  larynx.     The  muscles  concerned  in 
,!       deglutition,  too,  become  affected  ;  so  that  the  fwilient  lies  in  bed  in  the 
^^  dorsal  decubitus,  perfectly  helpless  and  imabte  to  eat.      Before   the  legs 
^■become  ]>arHlysed   the  muscles  arc   usually   tender  and   the   knee-jerks 
^^exaggerated.      In    one    of    my    chronic    cases    the   B}TnptomB    closely 
^■resembled    those    of    bulbar    paralysis :    the    tongue    gradually    became 
^^ smaller,  and  Bpe**h  and  swallowing  difficult;  but  there  was  never  the 
t       di-ibbling  of  saliva  mot  with  in  the  classic  medullary  lesion. 
^K        In   the  early  stjiges  the   skin   is   frequently  sensitive  to  the   prick 
^Fof   a   pin;   but    later   it  may   bocome   analgesic  or  anaesthetic,   always 
bleeding,  however,  when  pricked — a  circumstance  that  removes  it  from 
^B  the   category  of  hysteria.      According  to  Guinon   the  anaesthesia  may 
^■be  confuKM^I  to  those  parts  that  have  been  brought  into  direct  eonUict 
"  with  lead  ;  or  it  may  be  widely  distributed,  amounting  to  hemianu.'Sthesia. 
Fre<|uently   there   is  tremor  of   the  atTectod   muscles,   also  of  the  naso- 
labial nuiHcles  and  of  the  tongue.     In  one  case  I>r.  Buzzard  foiuul  the 
third    nerve   affected,   causing  ptosis,   with   abolition   of   movements  of 
the  sufwrior,  inferior,  ami  internal  recti  muscles ;  the  pupil  was  dilale<l 
and  did  not  react  to  lights     The  external  rectus  alone  may  be  paralysed, 
Oculo-motor  paralysis,  when  present,  is  usually  bilateral ;  the  al>duceii6. 
like  the  extensor  muscles  generally,  is  most  apt  to  be  affecuvl.     Diploiiia 
was  obser\"ed   in  some  of  my  own  cases  without  an_v  apparent  muscuhtr 
defect ;  nystagmus  also.     The  musculature  of  the  bladder  may  become 
affected,  causing  incontinence. 

One   of   the    gravest   effects    of  lead   npon   the   nervous   system    if: 
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neuro-relMis.     This  may  set  in  rapidly  vithout  any  concurmi^ 
disease.     It  is  often  associated  with  hnidache  and  epiloptifoi 
Vision  may  Vie  very  slightly  olwcured,  or  it  may  be  lost  let 
(permanently.     Attacks   of  transient  blindness  occur  in   the  absence 
neuro-retinitis,  and  seem  to  be  central  in  their  ciusation,  and  prol 
toxic.      Tenif>orary  loss  of  vision  occasionally  occurs  ilnnn^  lead 
it  may  be  the  result  of  the  accompanying  high  arterial  lOood-pi 
of  toxieniia  :  tliere  may  be  no  allnimin  in  the  unne.     U  may  com* 
out  heaiiachc,  and  be  independent  of  neuro-retinitis.     Mr.  Simt 
found  primary  optic  atrophy  due  to  lead  in  a  file-cutter, 
hemianopsia  occura  ;  it  is  usually  tninsitory.     In  the  acute  cerebrul  fi 
of  plumbism  the  Viorders  of  the  disc  are  swollen,  iH'dt;fine<U  and  irrcgul 
the  disc  itself  is  hypera'mic  and  mottled ;  the  vessels  are  ol)6cured,  or.i 
observable,  they  are  narrowed,  and  have  delici»tc  white  lines  rnnninj:  »I( 
their  border :  the  veins  are  distended,  and  occasionally  hfemorrha^e« 
scon  just  at  the  border  of  the  disc  or  in  the  retina.     This  form  of  ni 
retinitis  is  generally  associated  with  eclamptic  seizures,  and  is  lunii 
followed  by  optic  atrophy.     It  is  a  sign  of  acute  plumbism  nithar  tl 
of  the  chronic  forms  of  the  disease.     It  may  occur  in  young  women 
have  ordy  worked  for  a  few  weeks  or  months  in  a  UvkI  factory.     Wliell 
vision  be  regained,  or  permanently  lost,  albumin  may  never  be  prc««m 
the  urine.     The  malady  diflors,  therefore,  from  the  neuro-rctiniu« 
with  in  chi*onic  kidney  disease.     De  Schweinitz  ami  others  are  of  the 
same  opinion.     Since  the  abolition  of  female  labour  in  lead  works  a  fc 
yeiu^  ago  encephalupathy  and  permanent  blindness  are  not  so  freijumi 
observed  as  formerly. 

Instead  of  regarding  optic  neuritis  as  in  any  way  specially  reIat«Ml 
;uid  caused  by  saturnine  poisoning,  it  has  been  attributed  to  d' 
miMistniation  ;  tfjursemia;  or  to  lejid  acting  nioclmnieally,  and  in 
rapid  effusion  into  the  ventricles  and  subarachnoid  spaces,  the  fib- 
the  optic  nerve  becoming  thereby  distended.      Anienorrhn-n  can  p! 
a  minor  part  in  its  causation,  for  the  optic  neuritis  occurs  also  ii: 
attended  with  monorrhagia.     It  may  be  a  descending  uciuiciK.  or  ! 
to  distension  of  the  sheath  of  the  nerve.     It  is  ijivariably  met  " 
acute  lead  enccphnloiHithy  when  there  are  signs  of  incroasod  intr.H 
pres8iu*c,  the  convolutions  of  the  brain  being  fnurid  flattened  iKwt-moit.in 
Lead   itself  may  not  b«  without  some  direct   malign   influenc**  iif»on  the 
disc  and  retimu     Leul^er  and   I)eut«chniann  have  suggested  thar 
neuritis  may  be  caused  by  irritating  or  infective  particles  earned    ' 
subarachnoid  fluid  from  the  cavities  of  the  brain  to  the  eheatb  01  the 
optic  nerves.     Many  such  adverse  circumstances  may  concur  to  prtiduco 
it,  but  the  two  most  important  are  the  direct  or  indirect  action  of  \aA 
sultfi  upon  the  disc  and  retina,  and  the  eflect  of  inm^Jised  intmcnutiid 
pressure ;  for  in  fatiil  cjises  the  brain  is  frequently  found  dry  an*!  rtrm. 
extremely  pale,  and  the  arteries  contnictetl-     The  movements  of  ;! 
vary  with  the  condition  of  the  optic  nerve  and  retina.     When  u.'^<  '^ 
neuro-retinitis  the  pupil  is  dilated. 


BireUe  draws  Attention  to  a  very  interesting  sequel  of  lead  poisoning. 
Ill  fifie«n  cases  of  plumWism  Tanqiierel  noticed  embniTaasnient  of  speech, 
but  he  did  not  correlate  it  with  general  iviralysis :  it  was  left  for 
Delasiuve  to  demonstrate  this.  The  atl'oction  ap^xirently  occurs  with 
considerable  frequency  in  France,  and  althou^'h  it  is  met  with  principally 
amongst  whit<i-]ead  workers  other  person?  do  not  escapf:.  Contrary  to 
what  takes  place  in  alcoholic  pseudo-general  paralysis,  the  influence  of 
hiTeilicy  is  not  observed  in  saturnine  ciae!;.;  nor  is  the  alfection  met 
with  in  women.  Forty  to  fifty  years  of  age  api>ear8  to  be  the  most 
suw'eptible  period.  SahtmiTW  pseu^h^i^ieral  pttrahsis,  though  aggravat€<l 
by  alcoholic  haltit-s,  occurs  in  those  who  are  temperate,  and  must  therefore 

regarded  as  the  result  of  lead  tuxa'mia.  It  dillcrs  from  ordinary 
^^geaeral  paralysis  in  its  sudden  onset.  Violent  delirium  is  frequently  it-s 
first  symptom  ;  or  there  niay  be  an  fpileptifonn  seizure,  nightmare,  or 
hallucinations.  These  latter,  whilst  pretty  constant  in  saturnine  general 
paralysis,  arc  very  rare  in  the  ordinary  form.  In  other  words,  in  addition 
to  the  usual  encephnlopatliic  symptoms  due  to  lead,  there  are  nightmare, 
hallucinations  of  sight,  imaginary  terrors,  and  confused  ideas  of  being 
pursued  or  of  being  poisoned,  just  as  in  delirium  tremens.  Occiisionally 
the  approach  of  the  di^'ase  is  less  clia-riiclorisLic,  and  is  slowly  pro- 
gressive. The  patients  steal  like  ordinary  general  partdyiics,  and  they 
have  grand  ideas.  The  later  features  arc  muscular  weakness,  cmhairrass- 
menl  of  speech,  we:(kne.s8  of  the  intellectual  faculties  and  of  the  memory. 
The  patients  sleep  badly,  and  become  excited  towards  evening.  Follow- 
ing upon  this  L'oipes  a  stJige  of  physical  weakness,  when  the  [tfitients 
cannot  stiiiid — they  are  obliged  to  rest;  some  are  completely  paraplegic, 
othoi*s  hemiplcgie  and  covere<l  with  sores.  Trembling  of  lips  and 
tongue,  and  sometimes,  too,  of  the  arms  and  tegs,  are  very  pronounced. 
Speech  is  generally  most  embarrassed  at  the  beginning,  and,  if  any- 
thing, it  is  apt  to  be  more  pmnounced  in  saturnine  than  in  ordiuary 
general  paral}  sis.  The  loss  of  memory  is  complete  ;  and  the  general 
hebetude  of  the  intf^llectiial  faculties  is  so  noticcjd>le  that  the  patient,  even 
in  the  early  period,  resembles  a  general  pai-alytic  in  the  last  stage  of  his 
iUnesi  One  jjoint  of  dilTerence  between  saturnine  general  paralysis  and 
the  oniiiiary  form  is  the  tendency  to  amelioration  in  the  former.  Even  after 
the  third  stage  has  been  reached,  and  there  have  been  cpUeptiform  seizures, 
ideation  may  return,  the  jmralysis  diminish,  the  power  of  walking  improve, 
speech  l>ecome  more  distinct,  and  the  patient  become  more  iiitulligilde. 
Concurrently  witli  this  improvement,  however,  he  l>ecome8  exiremely 
irrita)>le  on  provocation. 

Early  withdrawal  of  the  patient  from  the  influence  of  leail  may  he 
followed  by  convalescence  in  from  six  to  twelve  months.  The  disease 
tends  to  cure  itself ;  but  in  some  cases,  and  without  any  ex]>lanfltioii,  there 
is  a  downward  course,  the  fatal  termination  being  precipitated  by  an 
apoplectiform  or  epileptiform  attick.  If  a  jKitient  fxjisoned  by  lead 
subsequently  falls  into  general  piralysis  it  does  not  foUou'  that  it  is 
saturnine  ;  but  when  in  a  general  paralytic  we  have  a  history  of  plumbism. 
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this  is  a  point  in  favour  of  the  case  beinj 
paralysis.  The  mode  of  onset  of  the  two  di 
different.  A  brusque  inception  suggests  pseuc 
leptiform  seizures  belong  rather  to  the  early  sU 
is  not  the  permanent  inequality  of  the  pup: 
more  widely  distributed  in  pseudo-general  para 
form.  Besides  being  more  generalised  the  tremo 
more  pronounced,  more  spasmodic ;  and  it  appea 
The  embarrassment  of  speech,  too,  is  greater,  par 
Disturbances  of  sensation,  which  are  rare  in  i 
frequently  noticed  ;  and  usually  consist  in  anses 
the  sensation  of  pain.  In  ordinary  general  pan 
developed,  is  progressive,  and  tends  to  death ; 
the  contrary,  the  progress  is  quick,  and  even  t 
symptoms  have  appeared,  these  may  improi 
regained.  Only  a  few  cases  have  ended  fatall 
mortem  appearances  were  those  of  ordinary  gene 
analysis,  however,  lead  was  found  in  the  brain. 
In  another  group  of  cases  symptoms  of  mu 
suggest  a  pseudo-tahcA  due  to  lead  poisoning.  P 
cases,  Teissier  and  Kaymond  each  with  one. 
case.  In  such  patients  there  is  inability  t 
accurately,  probably  from  loss  of  the  niuscul 
there  is  no  true  inco-ordination,  but  a  disorderei 
power  in  certain  groups  of  muscles,  the  gait  1 
quent  upon  paralysis  or  weakness  of  the  exi 
liaymond's  ciiae  the  symptoms  appeared  in  a 
for  only  two  months  to  lead  dust ;  and  in  him 
legs  set  in  whilst  that  of  the  arms  was  disapp 
cases  were  in  women,  aged  respectively  15, 
muscular  inco-ordination  was  aggravated  by  clo: 
followed  by  atrophy  of  the  muscles,  impairment 
sensation,  loss  of  the  muscular  sense,  e.xaggeraU 
of  urine,  and  the  presence  of  lead  therein. 
worthy  in  these  aises  of  pseudo-tabes,  as  in 
paralysis,  is  the  rapid  improvement  under  trea 
suggest  a  functional  and  not  an  organic  discjise. 
have  been  explained  by  a  supposed  peripher 
ropoi'ted  by  Morris  of  Charlestown,  in  which  i 
of  saturnine  pseudo- tabes  with  exaggci"ated  I 
generation  of  the  posterior  and  lateral  column 
is  cases  siich  as  tliese  and  ]>seudo-genefal  \yi 
this  point  to  remark  that  in  many  cases  of  sati 
the  lesion  is  not  entirely  i)eriphoral  but  central, 
The  changes  in  the  nerve-centres  may  be  so  sli^ 
that  toxic  conditions  of  blood,  by  deranging  t 
cells  in  the  spinal  cord,  would  indirectly  affect 
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removed  {rom  these  cells.  Owing  to  its  distance  from  these  trophic 
central  cells  the  peripheral  portion  of  the  nervous  system  is  necessarily 
the  moi'ti  \iilnerahle.  Nutritional  changes  allecting  the  ganglion-cells  in 
the  cord  influence  the  peripheral  tenuiniitionfi  i>f  the  norvrs ;  and  changes 
affecting  the  periphery  are  known  to  influuiico  the  centnd  cells.  It  is 
true  that  anatomical  changes  are  couvei'sely  indicated  in  the  peripheral 
nerves,  hut  they  are  (Jetected  rather  l»y  the  greater  rcwlincsa  with 
which  they  respond  to  microscopical  stfuniug  reagenla.  Dynamic  con- 
ditions may  afl'ect  central  colls  in  such  a  manner  that  we  cannot 
demonstrate  them— a  statement  not  only  applicable  to  the  spinal  coi*d, 
hut  to  the  brain  in  lead  encephaloiKitby.  In  Minakow's,  Oeller's,  and 
Dmmmond's  cases  pathological  changes  were  found  in  tlie  anterior  cornua 
of  the  spinal  corfl.  Before  answering  the  question  whether  in  Icafl 
pandysis  the  lesion  is  peripheral  or  central,  let  us  accumulate  facts  bear- 
ing upon  this  subject  from  the  experimental  as  well  as  the  clinical  side. 

In  feeding  animals  with  li?ad  salts  effects  are  pro<luccd  with  varying 
rapidity.  On  absorption  of  the  lead  there  occiir  loss  of  appetite,  a 
{leculiar  nervousness,  consti^mlinii  or  diarrha>a  with  dark  stools,  albumin- 
uria, and  rapid  emaciation  ;  death  generally  ensues  when  one-third  of 
the  iMxIy-weight  has  been  lost.  Many  female  rubbitjs  thus  treated  ilied, 
and  on  chemical  examination  wc  found  lead  in  the  foHuscs.  The 
tendency  for  animals  to  become  pregnant  is  diminished,  and  in  my  own 
c-Hses  tlie  male  rabbits  seemed  to  lose  all  sexual  desire.  Mowt  of  the 
animals  were  piinilysod  first  in  the  hind  legs,  so  that  in  walking  they 
dragged  tlie  limbs,  or  they  progressed  with  a  peculiar  skipping  movement : 
subscMpiently  the  fore  limbs  became  paralysed  and  the  animals  ditnl  in  ton- 
^-ulsionfi.  At  the  post-mortem  examination  the  lungs  and  kitlneya  were 
found  congested,  but  tht;  peculiar  feature  of  all  cases  of  acute  lead  |Kiiguii 
ing — in  hiunan  Iwings  aa  well  as  the  lower  animals — is  the  extreme 
rapidity  of  decomposition,  and  the  very  strong  odour  that  is  genonite<] 
thereby.  A  few  hours  after  death  the  coqise  is  alreiuly  putrid.  The 
fBJulincss  with  which  jKinilysis  is  jiriNiuL-ed  in  the  himl  lind>s  of  animals 
gives  us  the  opportunity  of  studying  the  effect,s  of  lead  upon  the  various 
organs  and  peripheral  nerves.  Uejerine  maint-ains  that  there  is  a  com- 
bined lesion  of  the  anterior  roots  and  their  cornual  cells,  with  peripheral 
neuritis  ;  whilst  Oorohault  and  Charcot  attributed  the  disordered  motion 
and  sensation  to  a  s[^ciai  furm  of  peripheral  neuritis;  the  neuritis  l»eing 
seginenUiry  and  ]>eriaxial,  and  therefore  distinct  from  the  ^Vallerian  form 
of  degeneration  consequent  upon  section  of  the  nerve.  In  [>eriaxial 
neuritis  the  axis-cylinder  eflc^spes  ;  the  altersition  is  conHnetl  to  several  of 
the  unnuhir  segments  of  Itanner,  whilst  above  and  below  these  the  nerve- 
fibre  is  normal.  The  lesion  differs,  therefore,  from  that  mot  with  in 
Wallerian  degenemtion,  in  which  when  the  6bre  is  altered  in  its  course 
the  chjinge  extends  to  its  remotest  pjirt.  Since  the  intcgiity  of  the 
axis  -  cylinder  is  maintidnei]  the  morbid  suite  may  be  remediable ; 
sometimes,  however,  even  in  {wriaxial  neuritis,  the  axi&-cylindcr  undergoes 
I      fragmentation,  and  then  there  occurs  a  pccuhar  moditicution  of  Wollerian 


degeneration,  which  still  may  be  foUo^vefl  by  a  regeneration  nf  tfct 
nerve  throiijjjhoiit  iu  ontircLy.  GomJaiiltB  viows  havo  Ixien  conitttinl 
by  Pitres,  who  does  not  believe  in  the  integrity  of  the  uxis-cylindor  m 
pemxiai  neuritis.  These  aegmentary  nenriiides  jire  found  in  a  iut^ 
number  of  infective  and  toxic  diseases.  The  frequency  with  whii 
Brissaud  found  thorn  in  tuberculous  and  cancerons  patienUr  in  old  pcopU, 
and   iu   peritonitis,  has  thrown  Rome  doubt  npon  the  int?q>i  ■( 

them   in   leiul   poisoning.      It  is  a  que.MJo[i  whether  we  can  u  .  iu 

as  true  neuritis,  or  simply  as  a  myelino-neuritis  such  «»  is  met  »nvh  iti 
disseminaiod  sclerosis.  It  is  e()UHlly  true  thiit  tjiilurnine  jwriaxial  nvtmti* 
occurs,  and  that  the  nerves  undergo  regeneration  ;  this  explains  the  mpid 
and  spontaneous  cure  of  the  paralysis  which  takes  place  within  two  w 
three  weeks  on  cutting  oft'  the  supply  of  thu  poison,  and  the  tavi,  Um, 
that  the  paralysis  may  be  very  slight. 

Most  nem*ologi8ta  insist  that  the  lesion  in  lead  iwisoning  is  peripheral . 
and  in  chronic  cases  of  wrist-drctp  the  periphei-al  nerves  are  cortaiiilr 
the  setit  of  well  marked  interstitial  neuritis ;  but  are  the  anterior  boiw 
of  grxiy  matter  in  the  spina!  cord  f|uite  healthy  ?  Dt*jerine  found  irhangv 
in  the  anterior  r-oot«  corre.sponding  to  those  in  the  altereil  peripbcnJ 
nerves,  and  so  did  Vulpian.  We  must  remember  that  in  acut**  V»\ 
|K>isuning  in  man  and  animals,  when  the  onset  of  pJindysis  has  >  -  -i 

the  most  carefial  microscopical  examination  may  fail  to  detect  p  '  ^  •! 
changes  in  the  nerves.  There  is  another  possible  interpretation  of  the 
relation  of  spinal  cord  and  peripheral  nerve  changes,  Drs.  Loslett  »nd 
Warrington  have  published  in  detail  the  [Hithnlogical  changes  fouml 
in  the  nerves  and  muscles  of  a  house  painter  who  ha<l  "wrisi-drop"  and 
atrophied  ninscdes.  On  microscopical  examination  the  pcislorior  int«T 
osseous  and  ulnar  nerves  were  atrophied,  and  also  the  aiiteriur  ro<)t«  of 
the  sixth,  seventh^  and  eighth  spinal  ner\'e3,  while  the  corrcspoudiui* 
posterior  roots  wore  normal.  Of  the  extensor  muscles  of  the  hand  90 
per  cent  of  the  fibres  were  atrophied,  but  still  retained  their  cro«^'-  *~ 
tion.  There  was  ver^'  little  evidence  of  fatty  degeneration,  Iu 
connective  tissue  whs  increased.  The  muscle-spindles  wore  unnUcxcaL 
The  anterior  corntml  cells  in  the  sixth  and  seventh  segments  of  ihv  j^pina] 
cord  wore  found  to  be  chjin;>ed.  The  nucleus  was  situated  eccenlricaJlyf 
and  the  Nissl  bodies  wei-e  disjwrsod  over  the  body  of  the  cell,  witli 
marked  evidences  of  chromatolysis.  On  an  Jiveragc  1  iu  every  4  crUs 
had  become  altered.  While  admitting  that  lead  primarily  oct^i  tijxm  thf 
cenbnil  nervous  syst-t-ni,  Dr.-;.  haslcttaml  WarringU)n  are  of  iht*  opinion 
thjtt  in  their  pjiticnt,  owing  to  the  excess  of  chjinge  in  the  |>criph4rnd 
nerves,  the  spinal  cortl  lesion  was  secondary  to  the  pcrii>hcral  neuritie, 
an  opinion  which  the  eccentric  position  of  the  nucleus,  they  niaintaiD. 
confirms.  On  this  view  the  anterior  cornual  changes  would  not  Iw  the 
residt  of  the  action  of  lead  upon  the  spinal  cord,  but  would  be  conseipienl 
upon  the  altered  sUite  of  their  functional  activity,  the  result  of  atrt>phy  uf 
tho  axons  of  the  cells,  or,  in  other  woitls,  secondary  to  a  lesion  of  ihu  axift- 
cylinder  of  the  nerves — the  ^  r&iction  k  distance  "  of  Morincsco.     Tlie 


incidence  of  piiralysw  principally  on  the  rauwles  most  iised  and  therefore 
niodt  liahlo  to  ffiti^iie  is  in  favour  of  a  <:entriil  rell  origin. 

As  to  the  electrical  condition  of  paralysed  muscles,  it  is  sufficient 
here  to  atale  that  in  lead  jjalsy  there  is  markefl  loss  of  faradic 
excitability ;  whilst  there  mjiy  bo  normal  or  exagj^eratod  response  to 
galvanism  if  the  partdysis  be  not  of  long  sUmding.  Occasionally  in 
plumbic  ]>anilyrtis  a  small  indolent  awnliinj;  on  the  luu-k  of  the  wrist  is 
noticed  ;  it  was  first  dcs<:iibcd  by  ClnbU-r,  and  it  conveys  the  irnprussion 
of  thickening  of  the  extensor  tendons. 

t'onsidering  its  prevalence  plunibism  h  not  a  fixM^uent  cause  of 
imaniiy;  uor  does  mental  derangement  occur  without  some  premonition. 
Now  and  again  u  case  is  met  with  presenting  symptoms  akin  to  hysteria 
or  alcoholic  intoxication,  which  are  follower!  Iiy  convulsions,  coma,  and 
death  ;  but  in  others  symptoms  of  melancholia  ;ulvanco  slowly,  or  there 
is  acute  delirium  accompanied  by  hatluci nations,  with  or  without  affection 
of  speech,  which  is  apt  to  be  remittent,  .ind  to  recur  at  ni<:ht.  Occasion- 
ally the  delirium  like  that  of  acute  nmnia  develops  suddenly,  the  only 
complaint  having  been  headache.  It  is  of  a  noisy  character,  and  so  violent 
is  the  patient  that  it  may  be  necessary  to  restrain  him.  In  the  intervals 
consciousness  may  l>e  regained.  The  jiatient  may  be  blind,  the  mine 
quite  free  from  albumin,  and  the  temperature  rather  below  than  above 
the  nonujJ.  As  the  paixixysms  keep  recurring  with  inci-easing  severity, 
the  medicinal  means  adopted  to  restore  quietude  and  induce  sleep — for 
example,  bromides,  morphine,  chloral,  or  hyoscine — unfortunately  tend 
only  t-o  precipitjite  the  siifibi"er  into  deep  coma,  from  which  he  never 
rallies ;  death  being  preceded  by  a  rapid  rise  of  the  temperature.  Cases 
of  monomania  have  been  recorded.  \Vhen  mental  symptoms  arise  in 
plumbism,  setting  ai^idc  acute  ence]»halojmt  hy,  they  have  usiially  been 
part  of  a  series  resembling  general  jwiralysifi,  such  as  wo  have  deaeribcd. 

In  deaths  from  plumbism  lead  is  generally  found  in  the  internal  organs. 
In  my  own  fuitients  Prof.  Hedson  found  the  largest  quantity  of  leaf!  in 
the  liver,  and  next  to  it  in  the  nervous  system.  Gussorow  found  most 
in  the  muscles.  It  is  found  in  the  bones,  in  the  kidneys,  in  the 
testicles,  in  the  foetuses  of  leatl-puii^onetl  animulif,  and  in  ovarian  tumours. 
Prof.  Hedson  examined  the  milk  of  a  nursing  white-lead  worker  under 
my  care,  but  failotl  to  find  lead  in  it>  Ur.  Honeybiune  has  shewn  that 
in  plumbism  an  incrc^ised  amount  of  iron  is  deposited  in  the  liver,  an 
interesting  observation  in  connexion  with  the  anosmia  of  saturnine 
poisoning. 

What  is  the  relation  of  saturnine  poisoning  to  abortion  f  Does  lead 
actually  pass  through  the  placentjil  That  it  does  so  seems  proved  by 
icc  presence  in  the  ffjBtiis.  Porak  has  experimentally  demonstrated 
the  passage  of  ai'senic,  copper,  lead,  mercur}-,  and  phosphorus  through 
the  placenta.  In  auto]>sies  on  cases  of  poisoning  the  possibility  of 
such  poisons  having  traversed  the  placentJi  shoidd  be  borne  in  mind. 
Porak  found  that  lead  is  very  |x>isonnus  to  guinea-pigs,  but  that  abortion 
\n  them  is  less  frequent  than  in  other  animals ;  although  death  of  the 
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f(ttus  is  very  apt  to  occur.     It  happened  thrice  out  of  six  experimenit 
In  other  animals  stillbirth  was  a  constant  feature,  and  after  death  thti% 
were  found  dropsy  of  the  ventricles  of  the  brain  with  thickening  and  aUty 
discoloration  of  the  ependyma  of  the  third,  fourth,  and  lateral  ventricle. 
This  cerebral  lesion  and   the  presence  of  lead  in   the   central  nervom 
system  explain  the  paralytic  phenomena  observed  in  fcetuses  at  the  time 
of  their  birth,  and  the  convulsions  and  early  death  of  the  children  of  lead- 
workers.      Rennert  has  clinically  confirmed  Porak's   observ'ations.     He 
found   the  children  of  potters   suffering  from  plumbism   to  be  hydrfr 
cephalic,  and  that  they  died  within  a  few  days  after  birth  from  comiil- 
sions.     This  is  my  own   experience.     Lejid  passes  readily  through  the 
placenta,  and  diffuses  itself  through  the  foetus,  being  found  in  the  liver, 
in  the  nervous  system,  and  in  the  skin.     It  is  eliminated  slowly  by  the 
foetus.     We  found  01  milligramme  in  the  liquor  amnii,  and  in  five  ffftuaa 
there  was  009  milligramme  of  lead  in  each.     The  blood  also  contained  s 
trace.     The  placenta  has  apparently  little  power  in  fixing  lead,  as  is  seen 
from  the  following.       Ballard,  quoted  by  Treille,  gives  the  details  tA 
100  pregnancies  in  which  one  or  both  parents  were  the  subjects  of  saturnine 
poisoning.     Abortion  occurred  in  40  instances.     There  were  26  premature 
confinements  and  32  accoucheraents  at  normal  term.     Of  these  32  birthi 
60  per  cent  were  still-born,  26  of  the  children  died  within  the  first  year, 
so  that  at  the  end  of  twelve  months  less  than  20  per  cent  of  the  children 
were  alive.     ConstJintin  Paul  gives  as  the  result  of  his  enquiries  of  141 
pregnancies,  82  abortions,  5  still-births,  and  4  premature  confinement^ 
while  of  the  50  children  born  alive  20  died  during  the  first  year  and  1"' 
before  the  third.     The  accidents  observed  in  siituriiine  intoxication  in  the 
nowly-born  deix-nd  apparently  \\])on  accumulation  of  the  poison  in  the 
central  nervous  system  :  first,  because  there  is  dropsy,  with  thickening  "tt 
the  ependyma,  of  the  ventricles  of  the  brain  ;  and,  secondly,  l>ecause  when 
born  alive  the  ffetuses  soon  die,  i>aralytic,  prolwibly  from  fixation  of  the 
poison  in  the  brain.      It  has  )ieen  stjiteil  that  lead  is  only  eliminated  hy 
the   kidneys   when    the   urine    is   albuminous.      This    is   incorrect:   ve 
froqu(!ntly  found  traces  of  lead  in  the  non-albuminous  urines  of  female 
patients.      In    the   bile   fairly  large   quantities   of  lead   may  be   foumi 
Saliva  also  may  contjvin  it  and  we  found  it  in  sweat,  but  not  in  the  mammary 
secretion.      Dr.  Dixon  Mann  has  not  only  demonstrated  that  bv  far  the 
largest  fjuantity  of  lend  leaves  the  system  by  the  stools,  but  that  in  certain 
cases  its  ])roscnce  can  be  demonstrated  in  the  fteces  when  the  urine  docs 
not  contain  a  trace  of  the  metal. 

It  is  said  that  iodide  of  potassium  favours  the  elimination  of  leaii 
from  the  system,  Init  the  increase  is  hardly  perceptible.  In  plumbi^ni 
there  is  defective  elimination  both  of  urea  and  of  uric  acid.  Keteutifii  of 
urii;  acid  in  the  system  is  regai'dcd  as  the  cause  of  <joni  in  plumbism. 
owing  to  lead  diminishing  the  alkalinity  of  the  blood,  lessening  the 
solubility  of  uric  acid,  and  thereby  hindering  its  excretion  by  the  urine. 
Sir  \Vm.  liobei'ts  doubted  the  direct  determination  of  gout  by  lejvd,  and 
believed  that  both  the  gouty  diathesis  and  lead  poisoning  have  the  same 
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tendency  to  precipitate  crystalline  uratee  i!i  the  tissues  or  fluids  of  the 
body.  This  saturnine  uratosis,  he  maintained,  is  simply  reinforced  by  a 
previously  existini;  ^'ouly  fcendency.  In  the  North  of  Kni;land  we  fiehloni 
sneet  with  gout  and  plumliism,  and  in  the  few  cases  in  which  1  Imvu 
observed  it  there  has  Iteen  a  strong  heretlitary  disposition  to  goiit^  In 
several  oisei*  the  eliniinaliitn  <>f  lead  hy  the  kidneys  seewe*!  to  Ite  inversely 
proportional  to  that  of  uric  acid.  That  Ioa<l  does  favour  the  retention  of 
uric  acid  in  the  system  is  prol>ab!e ;  and  from  the  reodiness  with  which 
gouty  seizures  in  the  London  hospitids  have  foUowetl  the  wJminist  ration 
of  small  doses  of  plumbic  acetate,  gout  and  plunibi&m  seem  at  first  sight 
to  !«•  causally  ruliiie<l  to  each  other.  It  is  ditlicull  to  exphiin  wliy  the 
iation  of  pliimlii^m  and  gout  should  i>u  so  fre<iiicnt]y  observed  it) 
ndon  and  so  seldom  in  Newcastle  and  Edinburgh.  It  is  probable 
that  the  explanation  is  to  be  found  in  the  diflerence  in  the  foo*J, 
external  circumstances,  and  hygieruc  precautions,  nnd  \i\  the  habit-s  of 
the  i«>ople  as  regards  the  use  of  stimulants,  beer  disposing  to  uratosis 
more  than  wliJHky.  The  fact  ivmuioA  ihiit  in  those  dt4tnct«  where  gout 
is  infrequent  the  disease  is  not  promoted  by  chronic  lead  poisoning :  but 
where  gout  prevails  even  small  doses  of  load  seem  sufficient  to  produce 
gputy  symptoms. 

During  lead  colic  the  untie  and  urea  are  diminished ;  but  the 
crisis  once  over,  they  gracbmlly  rise  to  near  the  normal.  Vomiting, 
diarrhtL'a  indiiced  by  aperients,  and  ihe  absence  of  food,  doiditless  favour 
this  deHeiency.  The  total  nitrogen  eliminated  was  found  by  Surraont 
and  BiinicUe  to  be  diminished  during  colic.  In  my  own  aises  the  urea 
waa  ordy  a  half  or  a  third  of  the  normal.  PotJiin  states  that  the  liver  is 
diminished  in  size  fluring  colic ;  but  this  is  doubtfid,  as  at  this  particidai' 
time,  owing  to  the  retraction  t»f  the  abdomen,  the  liver  ascends  under  the 
cufltal  art^h,  becomes  less  obliijue,  and  diminished  in  \X»  vortical  diameter. 
HciKLtic  function  is  derangwl,  for  pathological  utoltilin  may  lie  found  in 
the  urine.  The  glycogenic  function  is  pjuticulaiiy  distiu-bed  during  colic. 
118  the  administration  of  syrup  is  said  to  Ik;  followed  by  glycosuria ;  but 
in  my  own  experiments  upon  rabbits  the  liver  always  contained  glycogen. 

As  regards  the  elimination  of  uric  acid  in  plumbism  there  is  consider- 
ttblt*  differenee  f>f  opinion.  Sir  A.  Ciarrotl  maintains  that  it  is  diminisheil 
during  the  attack.  Snrmont  and  Bnuielle  found  it  diminished  in  four 
out  of  eleven  cases,  ami  increased  aft«r  colic;  the  diTuinution  or  increase  of 
the  uric  acid  was  in  no  way  |ir(>|)ortional  to  the  severity  of  (he  colic,  aJi<l 
old  saturnine  patients  wore  apt  to  pass  it  in  excess.  In  my  own  clinical 
experience  the  amount  of  uric  acid  has  varied ;  it  has  sometimes  risen 
as  high  as  1*2,  16,  and  21  grains  per  diem;  the  normal  being  7  to  15 
grains,  whilst  the  lowest  was  2  grains.  In  the  Utter  case  the  urea  Jtlso  was 
frwiucntly  nuich  below  the  normal  ;  and  it  is  intere~sling  that  on  the  days 
the  jutinnt  passed  the  largest  quantities  of  urea  she  wjus  free  from  hcafl- 
ache.  The  urine  generally  conUdned  a  trace  of  lead.  The  elimination  ttf 
hsad  and  of  uric  acid  may  be  inversely  relate<l  to  each  other;  as  if  the 
presence  of  the  metal  in  the  blood  favoiu'ed  the  retention  of  uric  acid  in 
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the  system.  Surmont  and  Brunelle  found  the  amount  of  creatin  and 
hippuric  acid  increased,  an  interesting  point,  seeing  that  the  total  nitrogen 
and  urea  are  diminished;  it  indicates  how  profoundly  metabolism  is  affect^ 
in  saturnine  poisoning.  Goetze  of  AViirzburg  maintains  that  in  the  arthritic 
attacks  and  colic  uric  acid  keeps  below  the  normal,  and  remains  low  f<v 
some  time  after  the  attack.  During  chronic  plumbism  it  fluctuates  within 
the  limits  of  the  normal.  He  also  found  that  in  the  acute  attacks 
chlorides  were  diminished  and  increased  subsequently.  Of  the  elimina- 
tion of  phosphoric  acid  by  the  kidneys  not  much  is  known.  Taking 
30  to  50  grains  of  phosphoric  anhydride  as  the  daily  average  in  health! 
I  found  that  it  varied  from  25  to  77  grains.  Goetze  found  it  alwav? 
low  in  chronic  plumbism.  Some  writers  have  noticed  hsematoporphyrin 
in  the  urine  after  lead  colic. 

The  morbid  anatomy  of  acute  plumbism  is  practically  nil.  In  lead 
eucephalopatby  the  brain  may  be  shrunken  and  dry ;  it  may  appear  as  if 
it  had  been  compressed,  all  the  blood-vessels  being  constricted.  The 
brain  subatance  may  he  pale  and  extremely  firm,  or  pale  and  (jedematoos 
as  in  unemia.  The  small  intestine  may  be  extremely  contracted  in  phices. 
The  kidneys  are  generally  stated  to  be  atrophic  and  the  seat  of  interstitial 
nephritis,  but  this  is  principally  found  in  the  chronic  cases.  In  acute 
lead  poisoning,  both  in  man  and  animals,  the  epithelium  of  the  convoluted 
tubules  is  the  seat  of  cloudy  swelling,  becoming  fatty,  granular,  and 
rapidly  breaking  down ;  the  debris  may  be  seen  in  the  interior  of  the 
tubules.  The  change  in  the  kidneys  is  therefore  parenchymatous  at 
first,  and  is  freipiently  accompanied  by  some  degree  of  glomerular 
nephritis ;  for  the  afferent  vessel  to  the  glomerulus  ma)'  be  seen 
surrounded  by  numerous  round  cells.  Bowman's  capsule  is  thickened, 
and  tliere  is  a  multiplication  of  the  cells  that  line  its  interior  or  of  those 
that  lie  between  the  coils  of  the  capillaries.  From  the  external  surface 
of  the  glomerulus  round  cells  may  be  observed  penetrating  between  the 
convoluted  tubules,  causing  an  increase  of  the  connective  tissue  at  this 
particular  part  of  the  kidney,  and  giving  rise  therefore  to  an  interstitial 
nephritis  secondary  to  the  parenchymatous.  While  insisting  thai 
tubular  nephritis  is  the  primary  lesion  in  lead  kidney  I  am  not  ignorant 
of  the  views  held  by  other  pathologists  as  to  the  condition  of  the  inter- 
stitial tissue ;  but  changes  therein  seem  rather  to  follow  those  occurring 
in  the  tul)ular  epithelium.  OUivier  mentions  parenchymatous  nephritis; 
and  in  the  kidneys  of  animals  experimentally  treated  by  Charcot  and 
Gombault  there  were  degenerated  epithelial  cells  in  the  tubuli  uriniferi, 
witli  proliferation  of  small  round  cells  around  those  tubules  onlj-  in  which 
the  epithelium  was  afl'ected.  Coi-n  and  d'AjutoIo  found  in  rabbits,  killed 
at  varying  periods  after  the  administi-ation  of  acetate  of  lead,  that  the 
epithelium  of  the  urinary  tubules  first  became  swollen,  then  degenerated 
and  slied  ;  and  that  in  the  more  chronic  cases  there  was  a  glomeruIiti$ 
followed  by  thickening  of  the  vessels  and  interstitial  nephritis.  Hirsch's 
more  recent  experiments  upon  guinea-pigs,  detailed  in  his  Thesis 
for    the    Doctorate    in    Medicine    of    Leipzig   University,   rather    led 


him  to  rcgnni  the  opitbeUal  and  intcrstitiul  chaiigcn  an  ort^imng 
wmultjuieously  :  but  as  he  states  that  epithelial  dogouenitioii  is  constant 
in  all  Iwul  kidneys,  and  is  the  spetiHc  k'sion  caused  by  lead,  he,  too,  is 
cleiirlv  of  opinion  that  it  is  one  of  the  earliest  and  princiiial  etfccts  of 
lead.' 

Lead  act«  very  injuriously  upon  the  eliminating  organs.  The  liver, 
like  the  VidnevB,  is  the  scat  of  miirke<i  thangoa.  It  is  in  tliifi  or^in  tlmt 
the  largest  amount  of  lead  is  found  on  cheniiciil  analysis  ;  it  looks  fatty, 
and  microscopiwdly  tlie  hei»atic  cells  are  utr(>phie<I  iiritl  grunular,  or  shew 
wlvanccd  fatty  change.  In  some  cases  there  is  inlercollular  ciirhosis  ; 
in  others  a  marked  increase  of  connective  tissue  between  the  lobules. 
Whatever  view  we  take  of  the  juithologv  of  plumbism,  it  nnist  be 
admitted  that  lead  rapirlly  deranges  metabolism.  It  destroys  the 
functional  activity  of  the  liver  and  kidneys,  slowly  inducing  changes 
within  their  secreting  cells;  and  although  we  cann(>t  foiget  that  certain 
sjinptoms  of  encephalopathy  depend  upon  the  presence  of  lead  in  the 
brain,  they,  are  more  probably  caused  by  animal  poisons  retained 
witJiin  the  syst^un  during  infidequate  hepatic  and  renal  elimination,  a 
proof  of  which  aMt4>-intoxicntion  is  that  in  some  of  my  cases  of  fatal 
saturnine  encephalopathy,  characterised  during  life  by  convulsions  and 
coma,  not  the  RlighN>sL  trace  of  lead  wa^  ffunid  in  the  bmin  after 
death.  This  opinion,  fully  expressed  in  my  Gotdstonian  Lectures 
(1891),  has  met  with  considendile  acceptance.  In  America  the  ireatisoa 
of  Hughes  and  Carter,  and  of  Miller  and  King,  lend  the  weight  of 
their  authority  to  it. 

It  is  known  that  the  elimination  of  metallic  poisons  from  the  body  is  pro- 
ti-acted  over  a  lengthened  periwl.  but  can  lead  be  dejtositeil  in  an  inert  form 
in  the  tissues  for  j'ears,  and  becoming  i-edissolved,  suddenly  ovcnrhelin 
the  indindual  and  produce  fresh  symptoms  of  lead  poisoning  1  Seventeen 
yeai's  ago  a  female  Iwid-worker,  then  aged  19,  was  under  my  care  in  the 
Newcastle  Infirmary  on  account  of  encephalopathy  and  convidsions  followed 
by  blindness.  A  few  months  afterwanla  sight  was  repiine<l  and  the  patient 
left  the  hospital.  She  never  returned  to  the  lead  works,  nor  from  that 
date  until  her  readmission  into  the  Infirmary  seventeen  years  afterwards 
had  she  been  brought  into  contact  with  leful  in  any  form.  She  marriod, 
and  is  the  mother  of  six  children,  of  whoni  five  surnve.  She  has  had  three 
miscarriages.  The  most  careful  inquiry  fails  to  elicit  a  history  of  syphilis 
or  alcoholism.  Patient  was  readmitted  into  the  Infiniiary  suffering  from 
headache,  double  internal  squint,  diplopia,  double  optic  netiritis,  and 
almost  complete  loss  of  vision.  Only  once  or  twice  bad  she  vomited. 
Her  internal  organs,  genenUly  speaking,  were  healthy,  but  hi-r  menses 
had  been  suppressed  for  nctirly  a  year.  There  was  no  albuminuria,  but 
Professor  Bedson  found  lead  in  the  urine,  t'nder  the  admiin'stration  of 
magnesium  sulphate  and  ]>ota8sium  iorli<le  sight  was  for  a  second  time 
restored  and  the  patient  made  a  good  recovery.  Is  it  possible  that  lead 
could  have  lain  inert  in  the  body  all  those  years,  and  Ixvoming  re- 
di««olved,  be  the  cause  of  fresh  poisoning  ?     There  is  much  to  supixirt  this 
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view,  for  the   relapse,  if  it   was  a  relapse,  was  as   unexpected  and  ae 
fulminating  as  a  primary  attack  of  lead  encephalopathy. 

Diagnosis. — In  the  stage  of  acute  colic  the  extreme  pain  in  the 
abdomen  might  be  mistaken  for  severe  intestinal  cramp,  for  peritonitU, 
or  appendicitis,  but  there  is  usually  no  rise  of  temperature,  and  the 
abdomen  is  generally  retracted.  No  distended  coils  of  intestine  art 
noticeable.  The  abdominal  pain,  though  sometimes  relieved,  is  as  i 
rule  increased  by  pressure,  when  it  is  observe<i  to  be  more  or  les? 
unilateral,  and  associated  with  pain  along  the  course  of  the  vagus  in 
neck  on  the  same  side  ;  the  pulse  is  small.  The  history  of  the  case,  the 
presence  of  a  blue  line  on  the  gums,  distinct  cachexia,  and  a  peculiar 
restlessness  suggest  plumbism,  the  diagnosis  of  which  would  be  confirmed 
by  the  detection  of  lead  in  the  urine  on  chemical  examination.  This  may 
be  done  as  follows.  Evaporate  50  cubic  centimetres  or  2  ounces  of  urine 
to  dryness  ;  ignite  the  residue,  extract  the  lead  from  this  by  dilute  hydro- 
chloric acid.  Precipitate  the  lead  as  sulphide  by  means  of  sulphiu-etted 
hydrogen  or  ammonium  sulphide.  The  objections  to  this  procedure  are 
its  tediousness  and  the  necessity  for  the  preliminary  destruction  of  organic 
matter.  To  the  method  for  detecting  lead  in  urine  mentioned  by  von 
Jaksch  in  his  Klinisdie  Diagnostik^  which  Drs.  Abram  and  Marsden  oi 
Liverpool  found  both  accurate  and  simple,  these  objections  do  not  applv. 
A  strip  of  magnesium  is  placed  in  the  fluid  to  be  examined.  Amtnoniura 
oxalate  in  the  proportion  of  1  gramme  to  150  c.c.  is  added.  If  lead  be 
present  it  is  deposited  on  the  magnesium.  Some  deposit  is  seen  within 
half  an  hour,  but  it  may  require  a  longer  exposure.  The  slip  is  then 
washed  with  distilled  water  and  dried.  In  order  to  confirm  the  test  (■') 
warm  the  slip  with  a  crystal  of  iodine  upon  it ;  yellow  iodide  proves  the 
existence  of  lead — -the  probability  of  its  being  cadmium  need  scarcely  be 
entertained ;  {h)  dissolve  the  deposit  in  nitric  acid  and  apply  the  usii;ii 
tests  for  lead.  In  making  use  of  this  method  care  must  be  taken  to  have 
the  surface  of  the  magnesium  bright  and  free  from  the  presence  of  any 
oxide.  This  is  an  extremely  delicate  test,  capable  of  detecting  1  part 
of  lejxd  in  50,000,  whether  the  metal  be  dissolved  in  water  or  contained 
in  an  organic  liquid  like  urine.  The  detection  of  lead  in  the  internal 
organs  and  bones  in  a  cadaver  is  of  considerable  medico-leg-al  imi>ortance 
as  pointing  to  lead  poisoning,  for  the  organs  of  persons  who  have  <lie«i 
from  plumbism  gencniily  contain  traces  of  the  metal.  Normally  there  is 
no  lead  in  the  human  body,  but  the  same  cannot  be  said  of  arsenic  and 
some  of  the  other  metals. 

Bilateral  i)aralysis  suggests  a  toxic  cause.  Usually  but  not  always 
both  wrists  are  aft'ectcd  in  leiid  poisoning.  Affection  of  the  muscles  of 
the  upi>oi-  extremity,  particularly  the  extensors  of  the  wrists  and  fingers, 
rather  than  those  of  the  lower  limb,  is  suggestive  of  saturnine  as  against 
arsenical  and  alcoholic  paralysis.  Although  not  wholly  absent,  there  is, 
generally  speaking,  li'ss  tenderness  on  grasping  the  muscles  in  leati  than 
in  either  alcoholic  or  arsenical  paralysis ;  whilst,  if  anything,  there  Jire 
more   rapid  atrophy  and  greater  sensory  disturbance  in  arsenical  than 


in  saturnine  poisoning.  At  one  Btage  of  the  illnees  leml  pamlysie  may 
r&aomble  iintt^rior  polioinyotitis  and  |iri>gi'iuiRive  niusciiUr  atrophy  ;  but 
in  plumbiBni  the  piinilysis  is  usUiilly  limited  to  the  extensor  muucloa, 
ojjpeciully  thuse  of  the  wrists  and  liugers,  wherKis  in  the  spinal  cord 
lotiion  Ix'th  Hexors  and  extcnsoi's  aro  involved.  TrcDioi-s  tnuy  be  present, 
but  tboy  lire  distiiignishod  from  the  movcmcnta  observed  in  mcrcurialisiu 
by  V^ing  less  wi<io  in  then-  range,  UBimliy  ceaaing  during  rest,  and  by 
being  U-ss  apt  to  reuiiu 

In  lojid  paralytics  tliere  is  uaiwlly  a  history  of  colic.  The  loss  of 
jHjWiT  primarily  affects  the  extenwjr  cummiuiirt  di^^itorura,  and  later  the 
other  muscles  of  the  forearm  supplied  b}'  the  miisciilo-spiral  ncne  with  the 
exception  of  the  supinator  longiis  ;  a  j»eciUiarity  which  distinguishes  il 
from  u  local  lesion  of  that  nerve.  When  the  j)anily»iR  i^  well  marked, 
the  uffect4M]  muscles  fail  to  reajwud  to  induced  electrical  currents,  wliilst 
to  a  slowly  interrupted  galvimic  current  they  usually  lespond  freely. 
Dr.  Huzzaifl  has  fiiund  this  test  to  \te  of  signal  sei'vice  in  the  absence  of 
other  physical  signs  or  a  suggestive  history.  Like  myself  he,  too,  has  found 
the  supinator  longus  occasionally  at^'ectod  in  l»id  poisoning;  so  th:Lt  the 
dictum  of  Duchemie  on  thii^  |)articnlur  point  must  admit  of  cxcoptions. 
It  was  KtniJik's  observatiun  that  the  cots  in  the  anterior  horns  of  the 
grey  matter  of  the  spinal  cord  represented  must^les  that  are  functionally 
aasociated  ;  hence  when  the  supinaU»r  longus  was  allectcd  the  bruchialis 
nnticus  and  Incoj*  were  at  the  s;imo  time  involved,  thus  forming  the 
"  foreann  type"  of  Iciid  palsy.  Dre.  Forrier  and  G.  Yeo,  by  irritating 
the  brachial  plexus  of  the  monkey,  have  experimentally  demonstrated 
that  each  motor  root  represents  rather  a  distinct  functional  combination 
than  c(»ntiguity  in  [wriphend  nerve  distribution ;  and  that  the  inoveiuent 
of  Rupination  ia  subserved  by  roots  coming  from  a  part  of  the  cortical 
enlargement  higher  up  than  that  which  brings  about  extension  of  the 
wrists.  Thus  physiologists  seek  to  ex[iiain  the  frequency  with  which 
the  supinator  longus  escapes  in  lead  |>i>isoning,  whilst  other  muscles 
supplit?d  by  the  musculo- spiral  nerve  are  affected. 

Prognosis. — The  prognosis  is  favourable  in  the  stage  of  colic  ami 
vomiting.  Death  docs  not  occur  in  uncomplicated  lead  colic.  When, 
however,  the  attacks  of  colic  are  renewwl  from  time  to  time,  and  recur 
over  a  long  perifM.1  in  patients  whose  heidth  is  deteriorated,  and  in  whose 
urine  there  is  albumin,  the  illness  must  naturally  bo  regarded  as  grave. 
Under  electrical  and  medicinal  treatment,  luicomplicated  saturnine  paralysis 
generally  disapjiears ;  but  in  some  crises  the  recovery  ia  extremely  slow 
and  at  the  best  is  incomplete,  for  weakness  of  the  ^rri5t«  endures  a  con- 
siderable time.  The  prognosis  of  acute  lead  encephalopathy  with  convul- 
sions ia  extremely  grave.  Not  only  is  there  danger  of  the  patient  dying 
in  the  seiKure  without  regaining  consciousness,  but  shrmld  the  t*ymptoms 
sul>side,  the  mental  condition  for  some  time  afteruarda  may  remain 
unhinged,  speech  and  memory  may  bo  defective,  or  blindness  may  be 
permanent. 

The  treatment  of  lead  poisorung  is  preventive  and  curative.     I^cad 
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pipes  for  the  contiiictioii    of   flrinking-water    KhouM    not   be  uaed,  and 
should  Ihs  replaced  by  pipes  made  of  iron  or  glass.     Lo«d  cistcruR  f 
st4Jnige  of  water  for  culiniiiy  purposes  should  not  be  iilloweiJ.     All 
ing-WiUor  should  be  tmnsniil Itnl  dirwt  from  tlio  main  into  \\\\\  hntist:^  aimI 
before  being  iLsed  in  the  morning  the  water  should  bo  nin  olf  for  &  fe* 
minutes  at  first,  so  as  to  empty  the  lead  pipe.     The  addition  of  carlioiut^ 
of  liiue,  iuagnusiari  limestone,  or  silicji  to  the  Water,  pK)vide<i  no  exuew  ti 
ciirlwnic  acid  l>e  present,  frequently  allows  of  the  formation  of  a  prnt^^in 
covering  on  the  interior  of  the  pipe.     The  presence  of  micro  i 
water  increases  its  solvent  power  upon  lead,  owing  to  the   i 
chemical   products   formed  during   their  multiplication;    hence   ^ 

polluted  water — wliich  also  cOMt4uns  chloriiles,  iiitnites,  and  nicrU' ^ 

especially  dfiugerous.  To  stock  the  reservou's  with  tish  is  an  iiiaxpemirv 
and  efficient  method  of  reducing  the  pltunbo- solvent  Action  of  moor* 
land  wiiter. 

Aa  regards  industrial  lofid  poisoning  the  Home  Office  has  issued  rtgu 
lations,  the  strict  enforcement  of  which  in  factories  has  been  K?riffici»L 
Men  and  women  therein  employed  should  be  medically  inspected  once  t 
week,  and  nn  increasing  amemia  should  bo  rogaixlod  as  a  disqualiiiGftUcit 
Frequent  ablution,  the  wearing  of  overalls  and  respirators,  and  vadung 
l>efore  eating  (limiiiish  the  risk  to  some  extent  ;  but  the  women  are 
lumble  to  take  the  prescribed  baths  at  their  menstrual  periods.  Wmshinj; 
the  hanils  with  water  containing  hypochlorite  of  80<la  or  parafHn  is  a  good 
preventive.  Acidulatefl  drinks,  composed  of  water  in  whicb  mlpharie 
acid  and  magnesium  sulphate  are  dissolved,  and  to  which  lemon  has  been 
added,  are  provided  in  all  whitc-lejid  factories,  and  the  work-people  an 
encouraged  to  drink  freely  of  them  ;  but  the  preventive  i>owor  of  thew; 
drinks  is  feeble  ;  an  excess  of  free  sulphuric  acid  in  the  water  would 
reili.-isolvo  any  sulphate  of  lead  formed  in  the  alimentary*  tnnct,  nnd  the 
tendency  would  l>e  favounxi  by  the  presence  of  fnmh  lemon  juiee^ 
Besides,  sulphate  of  lewl  is  soluble  in  the  hydrochloric  acid  of  the  gastric 
juice.  The  alcoholic  habit  strongly  predisposes  to  plumbism.  Milk 
should  form  a  large  purt  of  the  dictury  of  the  work-[i00ple ;  and  do 
person  should  be  allowml  to  work  in  a  white-lea<l  factory  before  brcakfaa^  , 
for  clinical  experience  and  experiment  have  deni(ni<;tr:).ted  that  the  prr$ev^^| 
of  f'Kjil  in  the  st'Omach  diminishes  the  solvent  infhience  of  thegae^lric  jtwB 
upon  lend.  The  addition  of  a  small  quantity  of  sulphur  to  tlie  milk 
increjises  its  protective  powers. 

For  the  colic,  if  not  severe,  n  mild  put*gative,  such  as  magneciiUD 
sulphate  or  castor  oil,  may  be  sufficient ;  but,  should  it  be  accomp«ntr«l 
by  vomiting,  eHervej-cing  mixtures  may  be  tried,  und  enemas  of  warm 
water  and  olive  oil  reported  to.  Should  the  aMominal  jiain  Iw  were, 
small  doses  of  tinctui-e  of  opium  or  of  belladonna  may  be  addoti  to  ihc 
aperient ;  or  a  hj'podermic  injection  of  morphine  and  atropine  may  ho 
administered,  or  belladonna  fomentations  appliefl.  A  mixturo  of  wa^ 
nesium  sulphate  and  potnssium  iodide  generally  acts  well.  Occuioully 
it  is  difficult  to  relieve  the  colic,  but  it  will  generally  yield  to  tbo  inflacne* 


of  a  waiin  )>ath.  \VTien  the  colicky  pain  and  vomiting  have  boen  relieved, 
or  when  colic  alone  is  present,  monosulphite  of  soda,  in  one-third  or  half- 
grsiin  doses  eveiy  two  or  three  houi-s,  has  a  wontJerful  influence  in  sooth- 
ing the  general  syniptoniH.  In  a  mild  ca£0  alMiominal  pains  and  paratysia 
quickly  disappear  unJei  its  influence. 

As  an  elirninant  poUiKsiiiui  iixtide  still  finds  favour,  and  rightly  8o; 
but  in  the  e;u'ly  part  of  the  tn-atnienl  of  acute  pluiiibism  it  should  ho 
ustMj  with  caution,  for  under  its  u^se  lead,  which  has  been  dcjvosited  in  the 
tiftsuea  and  is  thei-efore  inert,  might  be  redissoJved,  and  fresh  symptoms 
of  saturnine  poisoning  reappear.  Occasionally  the  drug  causes  albumin- 
uria. In  a  female  pjitient  transferred  t«  my  care  by  my  colleague  Dr. 
IJ.  It.  Murray,  the  a^lministraiion  of  five  giiiiji  doses  of  potassium  iodide 
was  followed  by  a  rise  of  temperature  (101 '8'  F.)  and  the  presence  of 
albumin  in  the  Urine.  On  discontinuing  the  metlicine  the  temperature 
fell  and  the  albumiiunia  disa[>pejir(Mi,  but  on  rene^ving  the  potassiiuu 
iodide  the  albuminuria  returned.  The  bromide  is  also  efficjvcious.  Dr. 
Burney  Yeo  <|uote8  Semmola  as  having  found  electricity  useful.  The 
patient  is  pluccil  in  an  at:idulated  bath,  and  one  {>olc  of  the  continuous 
current  is  applied  to  the  tongue  while  the  other  remains  in  the  water: 
or,  without  using  the  iKtth,  une  pole  may  l>e  aj)plied  to  tlie  tongue  and 
the  other  to  the  epigastrium.  It  is  stated  that  the  blue  lino  disappeared 
from  the  gums  in  a  few  weeks,  and  examination  of  the  urine  shewed 
inci-eased  elimination  of  lead.  For  saturnine  paralysis,  which  is  some- 
times very  obstinate,  electricity,  nuissage,  and  nux  vomica,  with  potiissium 
ir»dide,  or  the  subcutaneous  injection  of  strychnine,  are  useful ;  and  for 
thr  ana-mia,  which  remains  after  the  jMiinfuI  ajTuptoms  have  disappeared, 
tablets  of  bone-marrow  have  given  en(!onriigirig  residts. 

For  lead  encephalopathy,  when  convulsions  mpidly  succeed  each  other, 
the  inhalation  of  nitrite  of  amyl  is  very  serviceable.  Under  its  influence 
the  pulse  regains  its  softness  and  recovers  its  frequency.  As  the  uriue 
is  often  suppressed,  the  subcutaneous  injection  of  pilocarpin  may  be 
CJilled  for. 

Seegelken  of  Jena  has  surcossfully  practised  tapping  of  the  lumbar 
regi^m  of  the  spinal  canal  in  the  coma  of  lead  poisoning.  A  i^aliont  after 
suflering  from  lewi  colic  had  been  seize*!  with  recnn-cnt  convulsions  ami 
nnconscioiLsncfis.  The  urine  was  non-albuminous.  In  the  inter\'ala  between 
the  convulsions  the  right  aim  and  leg  were  observed  to  be  jmnily^ed.  As 
coma  endured  for  two  days  Seegelken  had  recourse  to  lumbar  tjipping, 
remonng  sixty  grammes  (a  little  lesw  thjui  two  ounces)  of  cerebrospinal 
fluid  with  a  pressure  of  310  mm.  of  water,  which  gradually  fell  to 
80  low^ards  the  end  of  the  operation.  Shortly  after  the  puncture  the 
patient  gnu^lually  regained  consciousness  :  thfit  evening  he  sat  up  in  l>ed, 
and  within  thirty-six  hours  all  cerebnd  symptoms  ha<l  di8appeare<i  On  the 
hj'potlio.'iis  thai  the  convnUions  und  coma  of  lead  encephiilopathy  are  due 
to  acute  tedenia  nf  the  brain,  it  is  interesting  to  note  that  the  fluid  as  it 
first  rtowcd  w»s  clear,  serous,  cerebrospinal ;  whilst  towartls  tne  end  it  waa 
cloudy,  a  circumsiiiuce  which  suggested  to  the  operator  its  encephalic 
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origin.  E.  ilosiiy  performs  lumbar  puncture  in  lead  colic,  especially  when 
there  are  cerebral  symptoms,  and  on  centrifuging  the  fluid,  which  is  clear 
like  water,  he  finds  on  microscopical  examination  evidence  of  a  distinct 
lymphocytosis,  similar  to  that  met  with  in  tnberculous  meningitis.  1 
have  been  present  when  Mosny  has  performed  lumbar  puncture,  and  hare 
thus  had  the  opportunity  of  confirming  the  presence  of  the  excess  of 
leucocytes,  due  probably  to  a  reaction  on  the  part  of  the  cerebrospinal 
membranes  to  the  lead.  In  the  Victoria  Infirmary,  Newcastle,  I  have 
practised  lumbar  puncture  in  lead  poisoning,  and  have  drawn  ofl^  as  much 
as  an  ounce  of  clear  fluid  at  a  time ;  but,  although  all  the  details  of  the 
technique  as  regards  centrifuging  and  staining  were  carefully  follnwed, 
there  was  no  lymphocytosis  such  as  I  had  obser^'ed  with  Mosny  in  Paris, 
nor  on  chemical  examination  of  the  cerebrospinal  fluid  was  there  found 
any  trace  of  lead  in  two  cases  of  plumbism. 

Arsenic 

Of  the  cases  of  criminal  poisoning  in  this  country  those  by- 
arsenic  used  to  form  the  largest  numl>er,  and  accidental  poisoning  by 
arsenic  the  smallest.  Lately  conditions  have  changed.  In  the  three 
years  ended  1903  there  occurred  100  deaths  from  arsenic,  47  males  and 
53  females.  In  these  are  included  12  deaths  by  suicide,  8  males  and  4 
females ;  the  remaining  deaths  were  the  result  of  accident  and  of  drink- 
ing contaminated  beer.  There  was  no  case  of  criminal  poisoning.  Tbo 
comparative  tastelessnoss  of  the  drug  is  one  reason  why  it  was  so  frequently 
resorted  to  for  criminal  purposes.  The  metal  itself  is  innocuous :  but 
when  actetl  tipon  by  the  juices  of  the  animal  lx>dy,  or  when  volatilife<l 
and  transformed  into  arsenious  acid,  it  assumes  highly  poisonous  qualities. 
Its  eifects  are  deleterious  whether  it  be  respired  as  dust,  swallowed  in  a 
soluble  forni,  or  applied  externally  to  the  skin.  Its  escharotic  pi-«>pertios 
have  long  been  known.  In  miners  employed  in  the  extraction  of 
arseniferous  metals  a  form  of  pneumonia,  which  rapidh'^  becomes  ptinileni, 
has  been  observed ;  ulceration  of  the  skin  and  mucous  membranes  is 
also  met  with.  A  large  proportion  of  the  men  engaged  in  the  arsenic 
reduction  works  close  to  the  mines  in  Cornwall  suffer  from  skin  eruptions 
known  as  "arsenic  pock,"  and  from  bronchitis,  which  paves  the  way  f"r 
more  seriotis  lung  disease.  The  ill-health  of  these  workmen  formed  the 
subject  of  an  inquiry,  and  was  reported  upon  to  the  Home  Office  in  1901 
by  Messrs.  E.  Gould  and  J.  S.  Martin.  Many  of  the  symptoms  com- 
plained of  by  zinc-smelters  are  due  to  the  presence  of  arsenic  in  the 
fumes.  Of  the  miners  of  Schnecbergin  Saxony,  who  extract  cobalt  ores — 
minerals  composed  mostly  of  nickel  and  bismuth — 3  per  cent  die  annuidly 
from  a  disease  locally  known  as  "cancer  of  the  lung,"  a  chronic  affection 
prolmbly  due  to  the  presence  of  arsenic  in  the  cobalt ;  and  in  our  own 
country  the  men  who  are  engaged  in  colour  works,  where  emerald  green, 
a  mixture  of  arsenic  and  copper,  is  made  in  large  quantities,  occjisionally 
suffer  from  sores  of  the  skin — particularly  in  the  axilla  and  groin,  along 


the  siiles  of  the  nails,  and  on  the  penis.  These  are  nuiiieil  by  the  <lry 
duBt  which  seltlos  upon  the  skin  and  ftrcwlea  it ;  the  evil  is  a^mavaltfl  by 
friction  uf  the  clothes,  i^y  the  presence  of  perspiration,  or  by  hnncHiii^  of 
the  geniUil  organs  during  micturition  with  tingers  covernl  with  the  green 
dust.  IHcors  on  the  penis  of  workmen  engJige<l  in  making  emctAld  gfcon 
hiive  been  wrongly  uttributed  by  their  wives  to  other  causes.  In  this 
country*  the  daiigei'H  i-onse(|iient  U|>on  the  mHniifaclure  of  .'irBooic  have 
Imen  unich  diminisho<l  )ty  improved  ventihition,  Uie  use  of  a  fan,  and  by 
wliat  is  tochnicaliy  known  as  the  "  wet  methotL"  I  have  vi«iled  the 
emerald  green  manufactories  in  Kngland  and  examined  many  of  the 
workmou  ;  and  although  I  iulmit  that  skin  eniptions  and  ulcere  occur, 
they  do- 80  far  less  than  the  public  have  been  led  t<i  sujjjkvbc.  Men  and 
girls  who  are  employed  in  the  making  of  artiticial  Howers.  or  of  toys 
tlusied  with  Scheele's  green  mixed  with  other  pigments — with,chromate 
of  lead,  for  example — suffer  from  diffuse  erythema,  minute  vesicular 
eruptions  l>cconiing  pustular,  ulcemtion,  and  gangrene  of  the  skin.  The 
eruptions  are  noticed  mostly  at  the  bends  of  the  fingers,  elbows,  :uid  arms, 
the  angles  uf  the  nose  and  lips,  the  insifle  of  the  thighs,  and  between  the 
toea.  Persons  with  open  sores  on  their  hand.s  and  arms  ought  to  have 
these  prut«cted  when  at  work  with  gloves,  and  painfid  Hssures  of  the  skin 
should  Jh'  cojited  with  surgical  ci>llodion,  Several  of  the  bright  red  colours 
used  as  pigments  in  the  arts  and  commerce  contain  arsenic ;  for  example, 
cochineal  red,  Persian  red,  vermilionette.  and  rosnniline. 

The  occu[xition  of  rooms  linerl  with  walt-juipers  containing  arsenic 
h;LS  frequently  lH3en  followed  by  a  scries  of  symptoms,  tlie  real  nature  of 
which  wiis  long  unrecognised.  In  1839  Gnielin  called  attention  to  the 
danger,  and  Knxmer  in  1^52  instituted  experiments  to  dcttMnnine  whether 
a  volatile  arsenical  compound  couhl  \te  liberated  in  the  circimistuncca. 
It  waa  reserved  for  Halley  in  I85s  to  record  the  first  fatal  C4we  of  poison- 
ing attributable  to  this  source.  Of  the  pigment  present  in  the  wall-iwiper 
as  much  as  50  [>er  cent  was  arscnite  of  copper.  Besides  the  arsenical 
dust  that  falls  fn>m  these  wall  pa|>ers  it  is  maintiiine4l  that  arseniti retted 
h^'drogen  or  ai'sine  is  evolved — a  gas  which  arises  from  the  contact  of 
arsenious  acid  with  organic  nmttcr,  the  long-continued  inhalation  of  which 
is  dangerous.  Removal  of  the  patient  from  such  a  room  is  generally 
Bufficient  to  effect  a  cure.  Considerable  doubt  has  been  expresse<l  in 
reg:ir(l  to  i>oisoMing  from  arsenic-atetl  wall-papers,  and  numerous  experi- 
ments have  been  undertaken  to  solve  the  questioiL  The  symptoms  liave 
been  attributed  to  the  absorption  of  du.^t,  to  the  inhalation  of  arsenical 
gas,  or  to  the  combined  action  of  the  two  factors;  but  lately  improved 
bacteriological  methods  in  tlie  bands  of  Selmi,  Hamberg.  (Josio,  and 
Sanger  bavti  demonstrated  that  a  volatile  arsenical  comi>ound  is  formed 
by  the  action  of  cerLiin  moulds  on  organic  matter  containing  arsenic. 
Taking  potato  pulp  containinc  0*5  to  I  per  cent  of  arsenious  oxitle,  and 
exposing  it  to  the  nir  of  a  cellar,  Oosio  found  an  abundance  of  mould 
upon  it  in  a  few  days,  and  an  intense  garlicky  <>dour  was  emitted.  Pure 
cultures  were  made  from  this  growth  on  sterilised  anienical  preparations ; 


but  the  peculiar  otioiir  was  only  nuticed  from  such  orgjiDifliiu  as  i^ 
.'tuprnriUwt  ghiwiis  and  Mucor  niMedo.  On  ilecaying  pAjwr  Sjwvj 
found  tUo  PeuiciUiutu  hr^iimuU^  a  mould  bo  peculi.iriy  sensitive  to 
Ibnt  Gnsio  hits  proposed  to  utilise  it  oa  a  means  of  tesling  for  luveiuo'] 
toxicological  work.  All  micro-organ isma  may  have  a  Klight  aotion  in 
cotu'se  of  time  ;  but  there  are  u  few  areenio-organiemB  who^c  operation  b 
immediate  and  intunae.  Of  thciso  I*e,nirHliutn  hrrmrnulr.  stands  not  «» 
the  most  sensitive,  and  it  can  bo  employed  fur  the  detection  vA  ancnu-  in 
tbu  presence  of  large  amouiiU  of  organic  matter.  By  tfiis  interefiting  kdA 
extremely  delicate  micro-biological  Tnetho<l  one  part  of  sodic  arw*""''*  '" 
1,01)0,000  may  be  detected  in  a  milk  culture, 

Arspnical  pnisoning  hjwi  frequently  followed  the  application  ol  -jtuiit 
ointments  to  the  skin  for  cancer  ;  and  the  liijiiid  in  which  flv-[wpfn 
have  betyi  soaked  has  l>een  used  for  criminal  jroisoning — thr  arutf 
principle  of  the  brown  pajner  vumrr  being  arRenious  acid  Thn  pri'sciict 
of  arsenic  in  soot  cx]>lains  why  sweeps  and  gardeners  sufb^r  from  Ih* 
external  manifestation  of  cancer  in  larger  numbers  than  men  engaged  in 
other  occupatiouH.  Oftcasionally  Itismuth  Rulmitrate  contains  tnhC6i  nl 
arsenic,  t!ie  power  for  harm  of  which  should  not  l>e  forgoltnn  in  a  medico- 
legal inipiiry.  Serioiis  consequences  have  also  followed  the  weiiring  of 
garments  or  gloves  dye<l  with  arsensical  gi*een.  Fowler's  solution  poit' 
tains  4  grains  of  arsenious  acid  t^  the  ounce,  and  is  an  excellent  n;m«*iT 
for  chorea.  It  should  l>e  carefully  administered,  however;  for  when 
given  in  rather  large  doi*eR,  or  for  too  long  a  time,  it  lias  fr^uontlr 
caused  j>eripheral  panilysis,  bronzing  of  the  skiu,  and  tdct^nition  of  Hit 
intestine.  Arsenic  in  the  fonn  of  caeodylatc  of  soila  has  )>oc:n  adminiK- 
tered  liypodermically  and  mth  benefit  in  tuberouhisis,  but  occasiaDiiUy 
excessive  doses  have  been  followed  by  sanguineous  elt'uHiun  at  the  ssta  nf 
the  puncture,  and  by  petechial  haemorrhages  elsewhere.  Arsonioua  acid 
is  largely  employed  by  dentists  to  destroy'  the  nerve  in  decayed  t«eih ; 
its  emploj*raent  is  not  wholly  free  from  risk,  seeing  that  the  quantity 
useil  is  never  weighed  by  the  dentist :  but  the  quantity  placed  in  the 
tooth  cavity  is  usually  very  small,  proUibly  not  more  than  \  gmirt 
Arsenic,  we  know,  does  not  form  an  albuminate ;  thus  it  i:^  that  il  forma 
such  an  excellent  paste  for  dental  piu'poses ;  it  can  penetrate  into  all  the 
recesses  of  a  carious  tooth.  Plants  soon  wither  if  placed  in  a  solution  of 
arsenious  acid ;  aud  if  they  have  been  grown  on  soils  contAining  fSBaU 
quantities  of  arsenious  acid  intinitesima]  traces  of  the  metal  may  he  found 
in  their  tissues. 

Certain    animals,   such  as   partridges,  are   said   to  be  rci-  m 

arsenic.     We  do  not.  know  whutber  or  how  far  the  OJiting  of  ■  -f 

animals  that  hfive  ingested  arsenic  may  be  followed  l\v  ill  eifcctB  in  m*a 
The  risk  would  bo  less  in  eating  the  flesh  than  the  internal  or"';= 
Strychnine  has  bt'on  found  in  the  muscles  of  fowls.  The  "jupia  t- 
ojicc  renowned  as  the  means  iicJopted  by  a  secret  society  of  woiuru  lur 
the  wholesjile  iwisoning  of  married  men,  was  made  bv  ntbbing  whit« 
arsenic  into  pork,  exposing  it  to  the  sun  for  several  da^'s,  and  collecting 


tbe  li(|Uor  as  it  tlrained  away.  Tbia  fluid  is  not  only  extremely  poisonous, 
bxil  is  also  «aid  to  defy  chemical  detection.  Its  virulence  probably 
dcftends  upon  a  mixture  of  arsenit«s  of  cadaverine,  putresciue,  and  some 
tinknowti  ptomaines. 

Aweniou.s  acid  is  n  strong  {wison  to  nearly  all  forms  of  animal  life — 
from  tbe  bighust  to  tbo  lowest ;  the  B}Tiiptonis  vaiy  ace<jriiing  to  whether 
the  poison  baa  buon  inhaled  as  vaiiour,  drunk  in  u  soluble  form,  or  applied 
cxtciiially  ;  the  condition  of  the  health  and  tbe  habit  of  tbe  individual 
ftt  the  time  are  not  without  their  inlluence.  Von  Tschudi,  in  IPol, 
drew  attention  to  the  practice  of  arsenic-eating  by  the  uiountiuneors  of 
Styria,  Hungary,  and  certain  parts  of  tlie  Punjab  ;  the  belief  in  theae 
diatricta  beinji  that  under  the  influence  of  the  drug  the  respiratory 
power  ia  increaac^l,  and  the  complexion,  particularly  of  tbe  women, 
improved.  Wc  are  familiar  with  ita  beneficial  in6uence  in  certain  forms 
of  skin  dii3e;i8e  and  in  asthma ;  and  although  it  ia  niainU'iined  that  the 
Styrian  peafuuitry,  beginning  the  practice  with  small  doaca,  gradufdly 
increase  it  to  30  grains,  considerable  doubt  has  been  expresswl  concerning 
t!ie  practice;  especially  an  we  are  told  that  the  pett[>le  who  thus  indulge 
live  to  a  great  ag«.  Certainly  a  tulcrrtnce  to  tbe  dnig  can  he  established. 
Half  a  grain  of  arsenioiia  acid,  for  example,  is  a  dangerous  dose  to  give  to 
H  dog;  yet  a  mongrel  Scotch  terrier  of  mine  took  more  than  i\  grmn 
of  arscnious  acid  daily  for  sevtjral  months.  Under  its  emjiloymenl  in 
smaller  doses  an  intense  stimulus  was  given  to  nutrition.  Tbe  animal 
gained  considerably  in  weight,  became  sleek  and  well  covcixil,  and  the 
hair  of  its  coat,  which  was  thick,  coarse,  and  stumpy,  became  baig  iuid 
silken.  All  who  saw  the  dog  were  struck  by  the  improvement  in 
its  appeai-ance,  particulai'ly  as  regards  its  pelt.  Arsenic  luis  long  been 
given  by  grooms  to  horses  with  their  food  to  improve  the  coat  and 
render  them  i>lump  and  well  conditioned.  Once  )>egun,  however,  the 
luactice  hn»  to  l>e  continued  :  otherwise  the  animal  ahewa  signs  of  falling 
otl'.  It  has  been  stated  that  in  man  no  tolenince  of  tbo  drug  is  established, 
and  that  the  stories  of  the  8tyrian  arsenic  eaters  are  purely  imaginary. 
Thcbndi'fl  statements  have  been  severely  «piestioned.  I>r.  I*arker  of  Nova 
bcotia  reports  the  death  of  a  male  ai-senic-eater  who  had  taken  from  2  to  3 
grains  uf  the  tlnxg  daily  for  five  months  in  tbe  hope  of  relieving  dyspepsia. 
\Vlien  be  discontinued  it  he  found  he  was  not  m  well.  He  slated 
that  the  skin  was  not  improved  by  it,  and  that  it  bad  no  appreciable 
effect  uiKin  the  respiratory  organs,  nor  ui>on  the  muscular  system, 
which  remained  well  developed;  but  he  thought  that  the  genital  organs 
were  slimuhit^'d  by  it.  However,  symptoms  pointing  to  an  extremely 
inntable  st^ito  of  the  gastro- intestinal  tract  set  in,  followed  by  tbirel, 
suppression  of  urine,  colla[)«G,  and  death.  lu  this  cose  the  daily  use 
of  tbe  dmg  did  not  beget  any  enormous  tolerance  of  it  in  the  economy 
— a  circnnistjince  (|U!to  in  kee[>ing  with  the  opinion  of  Christisou,  that 
whikt  the  system  may  become  habituated  to  the  use  of  some  of  the 
organic  poisons,  habit  docs  not  diminish,  but  increases  tbe  octivity  of 
inorganic  jKitsons  entering  tbe  blood.     The  publication  of  Parker's  case 
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drew  from  Dr.  Craig  Maclagan  (in  the  same  journal  a  month  lat«r} 
a  paper  giving  an  account  of  his  travels  through  Styria,  and  of  his 
personal  observation  of  the  practice  of  eating  a  mineral  substonct 
"  Huttereich,"  known  to  be  arsenic,  which  was  locally  asserted  to 
render  respiration  easy  during  mountain  climbing,  and  to  act  as  a 
condiment  and  tonic ;  its  more  immediate  effect  on  the  system  is  lo 
make  the  people  lively,  combative,  and  salacious,  to  which  latter  circum- 
stance was  attributed  "the  inordinate  number  of  illegitimate  children 
in  some  of  these  places,  the  proportion  sometimes  rising  nearly  as  high 
as  60  per  cent  of  the  total  births."  Dr.  Maclagan  was  an  eye-witneei 
of  the  practice  of  arsenic-eating  in  the  case  of  two  men,  one  aged  twenty- 
six  and  the  other  forty-six  years  of  age.  To  one  of  these  men  6  grains 
were  given  on  a  piece  of  bread.  This  was  swallowed,  for  the  mouth 
was  carefully  examined  afterwards  and  found  quite  clear.  No  imme- 
diate effects  followed,  but  on  examination  of  the  urine  arsenic  was  found 
therein.  Whilst  admitting  that  arsenic-eating  is  not  in  any  sense  of 
the  word  a  universal  habit  amongst  the  Styrian  peasantry,  or  even 
freely  indulged  in  by  the  male  population.  Dr.  Maclagan  maintains  "  that 
decisive  eWdence  has  been  brought  forward  not  only  to  prove  that  arsenic 
is  well  known  and  widely  distributed  in  Styria,  but  that  it  is  likewise 
regularly  eaten  in  quantities  usually  considered  sufficient  to  cause  imme- 
diate death."  In  1875  Dr.  Maclagan  published  a  second  paper  describing, 
on  the  authority  of  Knapp,  a  public  exhibition  of  arsenic -eating  by  two 
men,  and  mentioning  that  other  cases  were  known  to  him.  Knapp  is 
of  opinion  that  only  strong  persons  can  indulge  in  the  practice,  but  that 
these  attain  gccat  age ;  that  the  virtues  claimed  for  arsenic  exist : 
that  the  drug  is  taken  at  intervals  of  a  few  days,  and  that  there  is  no 
longer  any  doubt  about  the  arsenic-eating  in  Styria.  A  Koyal  Omt 
mission  h:is  reported  that  although  the  practice  exists  it  has  l«en  grosslv 
exaggerated. 

I  have  been  directly  informed  by  Dr.  Eberstaller,  the  town's  physici.in 
of  Crratz,  that  the  practice  of  arsenic  -  eating  was  unknown  to  him. 
but  that  Marik,  in  a  paper  reiid  before  t!ie  StjTian  Medical  Society. 
had  revived  professional  interest  in  this  iniportjint  matter  by  bringiiii: 
to  light  nine  cases  of  arsenic  or  n'xdri  editing — four  in  Deutsch-LandsWg. 
two  in  OI)erwolz,  two  in  Yorau,  and  one  in  Ligist.  Aloreover,  it  w;l< 
stated  that  ther-e  were  two  arsenic  eaters  at  Houtberg,  and  one  each 
at  Grafenbcrg  and  Uaindorf.  Of  the  nine  cases  one  wjis  a  man  agetl 
sixty-six,  who  ])eg;in  eating  arsenic  at  the  age  of  thirty,  and  whose 
f.ither — also  an  arsenic-eater — had  died  at  the  age  of  seventy-seven. 
In  the  presence  of  Drs.  Kna])p  and  Buchncr  this  man  took  2-16  grains 
of  orpinient  (arsenic  trisulphide),  and  stated  tliat  he  became  an  arsenic- 
eater  at  first  nn<ler  the  l)eliof  tiiat  the  drug  was  a  prophylactic  against 
typhus  fever.  Beyond  an  indisposition  of  two  days'  dunttion  he  had 
never  Ijcen  ill  during  tho^c  tliirty-six  years.  M'hen  feeling  lazy  and 
disinclined  to  work  he  would  take  a  small  quantity  of  arsenic,  and  in  a 
few  hours  would  feel  invigorated,  and  fit  for  a  long  pedestrian  journey. 


He  iDAintAincNl  tbjit  sextml  potency  is  r&thcr  increAscHl  hy  it  clian  other- 
wise, iu)d  that  after  uikiiig  arsenic  he  m\iat  ciit  Borac  lood.  The  other 
ursenic-caters  w-are  reportwl  to  Xm  sti-ong  healthy  men,  who  hiul  in<ltilge<l 
in  the  drug  for  periods  varying  from  eight  to  twenty  yeiira.  lu  the 
urine  of  four  of  these  persons  Buchner  proved  the  presence  of  arsonie, 
both  quiUiUitivoly  and  quantiUUivcIy ;  in  one  iustanee  0385  grain  heing 
found.  Morik  ihcrofure  tnainluins  that  ariM*nic-eating  is  still  pmcti&ed 
in  the  north  and  northwestern  parts  of  Styria ;  and  that,  according  to 
Scbiifer,  the  practice  is  not  tinknown  to  {wasuntry  of  the  districts  of 
Hartberg,  Lamprecht,  Leoben,  and  Oherzeinng.  It  is  difficult  to  obtain 
acctunte  information  as  to  the  number  of  arsenic-caters  in  Styria,  for 
the  pe<jple  know  that  the  practice  is  illegal,  and  the  greatest  {Ktssible 
secrecy  is  oliacn'ed.  The  practice  has  >>y  no  means  diefl  out,  jind  the 
rtiasuns  assigned  for  lakirig  the  drug  arc  still  the  same  as  they  were 
many  yeara  ago ;  namely,  that  it  gives  strength  and  vigour  tu  the 
muaculai"  system,  increases  the  respimtory  iwM-er,  aids  digestion,  and  is 
^ft  prophylactic  against  infectious  fevers.  Believing  that  it  nets  as  a 
^iosmetic,  it  \\n»  used  by  young  ladies  in  the  upper  classes  of  society  in 
Florence  some  vetirs  ago. 

Morbid  Anatomy. — No  matter  by  what  channel  arsenic  has  entered 
the  system,  Lhe  mucous  membrane  of  stomach  and  intestines  is  the  seat 
of  very  marked  changes  :  it  is  swollen  and  congested ;  it  may  shew 
luimcrous  ecchymoses,  small  emphysematous  hidlw,  or  membranous 
exudation.  The  ii>sophagus  gonerall}*  eB*.yipes.  If  arsenic  has  l>een 
t4iken  in  the  solid  foi*m,  crystjdu  arti  frequently  found  adhering  to  the 
mucous  membrane.  I>ong  after  death,  months  it  may  be,  the  inflammatory 
clianjies  of  the  mucous  menilinmes  can  be  recognised  owing  to  the  anti- 
septic and  preservative  powers  of  the  drug ;  but  care  must  be  taken  to 
discrinnnate  between  this  and  the  peculiar  redness  obsened  in  normal 
stomachs  undergoing  putrefactive  chanj^es.  The  whole  of  the  intestinal 
tract  in  arsenical  poisoning  may  be  so  reddened  that  the  lesions  may 
closely  resemble  thost.'  of  chnlcra  :  a  resemblance  wliich  even  microscopical 
examination  does  not  remove,  for  equi^'ocal  mici-o-organisms  have  lie<?n 
foimd  in  the  epithelial  flakes.  Fatty  degeneration  of  the  ititestinal 
epithelium  and  a  swollen  condition  of  Feyer's  patches  and  of  the 
litai'y  glands  may  also  be  present.  Arsenic  haa  thus  a  peculiarly 
iloctive  influence  upon  the  ga.stro-intostinBl  tract  That  the  lining 
membrane  of  the  stomach  actively  excretes  certain  chemiral  biKiiea  baa 
been  ahewn  by  Kandikoff  of  St.  Petersburg,  who  demonstrateil  ihat  if 
arsenic,  for  example,  were  injected  into  the  reci.um  it  was  absorbed  and 
subsequently  discharged  by  thu  nnicous  membrane  of  the  stomach.  To 
kill  an  animal  by  means  of  arsenic,  a  larger  iiuantity  has  to  bo  injected 
into  a  vein  than  if  the  drug  is  given  by  the  mouth.  The  explanation 
of  this  peculiar  liehaviiinr  of  ai-scnic  is  probably  that  when  the  drug  him 
been  altsorbed  into  the  blood  it  is  separated  by  the  gtistric  mucDiis 
membrane,  and  in  its  }>assage  outwards  it  exercises  an  irntant  action, 
setting  up  itdlammatory  redness. 
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A  widespread  fatty  gianular  degeneration,  again,  is  characterisiic  oi 
arsenical  poisoning.  It  affects  the  liver  and  kidneys,  the  intestinal 
epithelia,  and  voluntjiry  muscular  fibre.  The  degeneration  is  sometimes 
as  marked  as  that  met  with  in  phosphorus  poisoning.  Binz  considers 
that  cellular  protoplasm  has  the  power  of  oxidising  arsenious  to  arsenic 
acid,  which  is  again  reduced  to  arsenious  acid.  In  this  way,  owing  to  a 
series  of  repeated  oxidations  and  reductions,  the  protophism  undergoes  a 
fatty  change.  There  are  no  observations  to  support  this  opinion.  Arsenie 
uniting  with  protoplasm  may  not  form  an  albuminate,  yet  it  enters  into 
such  close  chemical  union  with .  it  that  the  protoplasm  is  destroyed. 
Besides  the  mdespread  fatty  change  in  the  liver,  Salkowsky  found  that 
its  glycogenic  function  was  destroyed ;  but  in  my  experiments  glycogen 
was  found  in  the  liver  after  death. 

Whilst  arsenic  is  rapidly  eliminated  from  the  system,  the  channels  (rf 
escape  being  the  gastric  mucous  memlirane,  kidneys,  skin,  and  saliva, 
sufficient  is  yet   retained   within   the   system   to  allow  of  its  detection 
post-mortem ;   although    fatal   cases  of   arsenical    poisoning    have   been 
recoixled  without  the  metal  having  been  found.     This  is  a  point  of  con- 
siderable importance  from  a  medico-legal  point  of  view.     In  the  case  of 
my  own  dog,  which  took  arsenic  every  day  for  months,  and  which  before 
its  death  suffered   from  vomiting,  diarrhcea,  and  rapid  emaciation,  the 
mast  careful  chemical  examination  of  the  liver  and  bones  conducted  by 
Professor  Bedson  and   Mr.  F.  C.  Garrett,  repeated  on  three  occasion.s 
failed  to  detect  the  slightest  trace  of  arsenic.     This  is  a  circumstance  of 
more  than  pissing  interest.     In   cases  of  criminal  poisoning,  therefore, 
there  is  no  justification  for  the  plea  set  up  by  the  defence,  that  ludcss  an 
amount  of  poison  were  abstracted  from  the  liver,  sufficient  of  itself  to  be 
regarded  as  a  fatal  dose,  the  ciiuse  of  death  could  not  have  l>eeii  arsenical 
poisoning.     Arsenic  has  i>een  detected  in  the  bile,  the  sweat,  the  tojirs. 
and  in  the  serosity  of  a  blister ;  but  the  urine  is  the  medium  by  which 
it   principilly  escapes   from   the  body,  hence   the  improbability  of  any 
extensive  accumulation  of  arsenic.     Given,  therefore,  a  case  of  suspected 
poisoning  by  arsenic,  the  urine   of  the  patient  should  be  exiimined  by 
Keinsch's  test.     In   using  this  method  the  following  points   shouhl  Ik- 
attended  to  ;   (a)  reduce  13  to  IG  ounces  of  urine  by  gentle  evaporation 
to  }  of  its  bulk  ;  (/*)  add   J   to   \  of  its  bulk   of  hjilriKhkiric  add  knotru 
to  he  fire  from  (irsniic ;  (c)  dip  into  it  a  bright  piece  of  copper  foil  and 
boil  for  at  least   la  minutes,  when  (»/)  if  arsenic  be  present  the  copper 
will  exhibit  a  greyish  sUiin.     If  arsenic  be  present  in  large  tjuantity  a 
glistening   black-load   appearance  muy    be    obtained ;    but,    ;is    mereurv. 
sulpliur,  selenium,  and  antimony  produce  a  similar  effect,  the  copper  foil 
must  be  submitted  to  the  test  of  sublimation.      Should  the  sUiin  be  due 
to  mercury,  the  metil  sublimes  in  microscojiic  globules;  if  to  sulphur  it 
will  rub  oft'  tipon  the  finger ;  if  to  arsenic  it  dissolves  in  caustic  ammoni;i. 
which  sulphiilc  of  copper  will  not  do.     The  arsenical  stiiin,  when  suV 
limed,  gives  a  crystdline  deposit  of  arsenious  acid  ;  the  aiktimonial  sutin 
is  bluer  and  gives  no  crystalline  sublimate. 


Ill  poisoniug  by  white  arsenic  a  microscopiciil  exuminatiun  of  the 
vomit  may  he  of  considerable  ftBflistaiice.  Numerous  small  white 
]Kirli(los  ai-e  fn*<]Ueiitly  observed  which,  %vheii  picked  out  by  the  forceps, 
carefully  washed,  dissolved  in  boiling  water,  and  ollowe<l  to  cool, 
cry8t4*llise  out  as  small  octuhe<lra  of  arsenious  acid.  From  these  when 
hoalcd  with  soda  on  a  pieco  of  carbon  in  the  reducing  zone  of  the  tlanic 
of  a  lilow-pipe  a  garlicky  odour  is  evolved.  For  fuller  details  of  the  longer 
and  more  accunite  uietho<l»  nf  testing  for  arsenic  iu  organic  substances 
known  as  Keinschs  or  AUrsh's,  the  reader  should  consult  text-books  on 
toxicology. 

Into  the  (lucfition  of  the  imbibition  nf  arnenic  after  death  we  need 
scarcely  enter,  there  being  few  argitnicnts  and  fewer  facts  to  su[>pnrt  the 
assumption,  In  courts  of  law  it  has  been  maintained  that  corpses  may 
absorb  iLrsenic  from  the  earth — the  hypotliesis  bein^  that  though  arsenic 
in  the  soil  is  in  thtr  form  of  un  insoluble  compound,  it  might  combine 
with  calcium  U>  form  the  arsenite  of  lime,  which.  Incoming  soluble 
through  the  action  of  carbonic  acid  evulve<l  from  <lt'caying  vegetablts, 
might  filter  down  to  the  corpse.  Sonnenschein'a  experiments  indicate 
the  improliability  of  such  an  occurrence. 

Symptoms. — When  administered  in  small  doses  arsenic  acts  as  a  tonir 
by  gently  irritating  the  stomach,  thereby  provoking  appetite.  It  exercises 
a  distinct  iiiHuencu  U[H)U  nutrition,  improving  muscular  tone  and  creating 
fre«h  vigour. 

Poisoning  by  ai*aenic  may  be  acute  or  chronic.  Arsenic — white  arsenic 
or  arsemous  acid — is  soluble  in  water,  has  a  faint  sweetish  taste,  and 
when  volatilised  emits  a  strong  i^irlicky  odour,  ft  is  an  escharotic  when 
applied  to  any  surface  in  a  concentrated  form,  and  an  irritant  even  when 
diluted.  From  a  quarter  to  half  an  hour  after  taking  a  large  dose  a 
burning  \mu  is  felt  in  the  (iswphH^ruii  and  stomachy  which  wprt-ads  over 
the  whole  abdomen,  and  is  accompanied  by  a  sense  of  constriction  at  the 
throat  and  a  metallic  taste  in  the  mouth.  Consequent  u{H>n  the  intense 
intestinal  hypeniunia  are  violent  purging  and  vomiting  ;  the  discharges, 
at  first  raucous,  become  bilious  and  tinged  with  blood  as  in  English 
cholera.  Thir-^t  becomes  excessive,  the  urine  is  suppressed,  arterial 
pressure  falls,  and  the  piitient  soon  l>ecorat*8  collapsed  and  his  extremities 
cold ;  the  abdominal  tenderness  renders  respiration  labotu'c<l  and  em- 
ImiTnssed.  GraduJilly,  however,  the  pale  face  Incomes  cyanosed,  cramps 
keep  recurring,  the  temporatiu-o  falls,  convuli^ions  or  coma  supervene, 
and  death  follows  in  from  five  to  twenty  hours.  There  is  a  close 
resemblance  between  such  a  case  and  cholera;  and  were  the  latter 
epidemic  at  the  lime,  and  nothing  ])resent  in  the  circumstances  to 
excite  suspicion,  such  a  case,  even  in  the  hands  of  an  experienced 
physician,  might  be  mistaken.  In  some  cases  there  is  only  a  profuse 
watery  intestinal  discharge ;  and  whilst  during  life  the  case  closely 
resembles  cholera,  the  suspicion  is  not  diapelletl  by  the  appearances 
presented  at  the  autopsy. 

A  more  common  form  of  poisoning  is  the  subacute.     The  eymptomn 
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of  slow  arsenical  poisoning  are  of  a  milder  character,  and  are  remitien*- 
The  vomiting  and  purging  may  intermit,  and  the  abdominal  pain  m<ir 
sulfide,  although  it  is  still  present  on  pressure.  The  other  characteri^iii: 
symptoms  are  persistent  thirst  and  painful  deglutition  ;  scanty  urine, 
red  in  colour,  and  frequently  albuminous ;  heart  weak  and  irrvgubir . 
abdomen  tumid ;  face  cyanosed ;  skin  cold  and  clammy,  and  extLiliOj: 
the  peculiar  odour  of  arseniuretted  hydrogen  ;  the  legs  drawn  by  cnubp* 
and  convulsions,  whilst  the  mind,  as  a  rule,  remains  perfectly  clisir. 
From  time  to  time  there  is  a  remission  of  the  symptoms,  the  paricat 
rallies,  and  there  is  hope  of  recovery ;  but  the  improvement  is  not  n^ain- 
tained,  the  symptoms  recur,  and  death  ends  the  scene.  Towards  the  vi^ 
hiccup  is  not  uncommon. 

A  single  large  dose  of  ai'senic  may  prove  quickly  fatal  :  or  it  niitj 
cause  a  prolonged  illness  which  may  end  fatally,  the  origin   remaining 
obscure.       Such  was  the  case  for  a  period  when,  in  1900,  an  epidrEUc 
of  peripheral  neuritis  suddenly  appeared  in  the  Midlands.       Ih-.  £.  S. 
Reynolds  of  Manchester  traced  the  malady  to  beer  and  porter-drinkinz. 
Women   suffered   more    than   men.     As   the  symptoms    at    first   be-^ 
with    numbness  and    sensations    of    pain    in    the   hands    and    legs   ^-i 
burning  in  the  soles  of  the  feet  some  of  the  patients  were  thought  m<  > 
suffering  from  erythroraelalgia ;  but  in  others  the  symptoms  of  peripfecrt 
neuritis   were  well  marked  from  the  commencement      Frequently  ih? 
skin  was   deeply   pigmented   all    over,  the   appearance    of    the    patirE: 
being  such  as  to  recall  Addison's  disease,  or  it  was  the  seat  of  a  scarladi:. 
or  measly  eruption  which  desquamated,  of  herpes  zoster,  keratosis,  biiftcri 
or  of  ulcers.     In  many  of  the  patients  the  face  was  puffy  and  pi^:m*i>- 
there  was  ankle-drop  due  to  paralysis  of  the  anterior  tibial   musol^  -; 
feet  were  swollen,  and  there  were  signs  of  heart  failure  without  ci.-i> 
murmui*s.     In  the  worst  cases  the  arms  and  legs  were  paralysed  ai;C  "v. 
muscles  atrophied  ;  occasionally  the  muscles  of  the  trunk  became  panilT-t''-. 
as  also  the  diaphragm.     Dr.  Dixon  Mann  found  arsenic   in   the  t^:*r  :' 
varying  quantities,  the  source  of  which  was  ultimately  shown   to  l^e  m 
glucose  and  sulphuric  acid  used  in  the  manufacture  of  the  beverage. 

If  arsenical  poisoning  be  not  followed  by  death  eonvalescenoe  > 
slow,  and  is  apt  to  be  retarded  by  various  disorders,  principally  ■•:" 
the  alimentary  canal ;  or  nervous  symptoms  connected  with  mot:-.-. 
and  sensation  may  appear,  such  as  anaesthesia,  hyperaesthesiji,  ;««»  •;! 
the  thermic  sense,  and  paralysis.  Joubert-Gourlwyre  collectetl  '.v 
cases  of  arsenical  poisoning,  and  in  more  than  one-half  all  xtjt 
extremities  were  affected  ;  one-fourth  were  paraplegic,  in  the  rem;unic: 
there  was  hemiplegia  or  some  limited  form  of  i«iralysis.  The  !•  s? 
of  })ower  was  mostly  limited  to  parts  below  the  knee  and  elt*  w 
Arsenical  paralysis,  like  that  due  to  alcohol,  usually  begins  in  the  ie-^. 
On  the  occurrence  of  paralysis  the  muscles  undergo  rapid  ain.phy. 
are  usually  sensitive  to  pressure,  and  at  an  early  date  presen:  tee 
" leaction  of  degeneration. ''  These  symptoms  are  usually  met  w-::h 
when  arsenic  has  been  taken  for  a  long  period ;  but  Aleirowitz  n?j*.-rt* 


the  case  of  a  yomig  man  aged  nineteen,  who  inadvertently  ewallowed 
0  grammes  (77  gmtiiA)  uf  an4eniou»  acid.  This  was  fullowud  by  extremely 
sovcre  symptoms  of  acute  arsenical  poisoning ;  they  sulisided,  and 
three  weeks  nfterwards  his  legs  became  jtainful  and  his  feet  swollen: 
these  symptoms  gradually  increased  nntil  he  was  unable  to  walk  without 
crutches.  Subsequently  his  gait  became  ataxic,  and  bia  feet  cyanosed 
and  cold  :  the  muscles  of  his  legs  atro]>hie<l  rapidly,  and  were  painful  on 
pressure  ;  the  caU-niusotes  were  the  seat  of  involuntary  Iwilchings  ;  the 
foot,  (tatetlar,  and  cremasteric  reflexes  were  absent ;  the  soles  of  the 
feet  were  .in.'psthfltic,  whilst  the  skin  of  the  lower  half  of  the  legs  was 
liypcneaihetic,  with  deficient  response  to  the  fiu-adic  and  galvanic 
currents.  The  h^nds  were  also  alfected,  the  movements  of  the  fingers 
being  greatly  impaired.  The  symptoms  of  multiple  neuritis  occurred 
two  months  after  the  swallowing  of  a  single  large  dose  of  arsenic. 

Ai'scnical  multiple  neuritis  in  some  respecta  resembles  subacute  polio- 
myelitis ;  but  there  is  more  jKiin,  and  the  combination  of  sensory  disturf^- 
ance  and  tendency  to  rapid  cure  diminishes  the  resemblance.  Is  the 
lesion  peripheral  or  central  ?  Wood  alludes  to  the  experiments  of 
PofwH*,  who  found  in  ilogj«,  ki|le<l  in  .i  few  bo\n-s  by  arsenic,  the  spinal 
cord  iuHamcd  ;  and  in  eases  uf  slower  poisoning  that  the  smuU  blood- 
vessels in  the  cord  were  thickened^  the  protophism  of  the  hu'go  multi- 
polar cells  opaque  and  gnuudar,  and  their  nucleus  indistinct :  sulwerpicntly 
the  colls  l>ecame  vacuolated.  Erlicki  and  Kyttalkin  found  disease  in  the 
anterior  horns  of  the  grey  matter  and  in  the  peripheral  ner\'e8  ;  and  they 
maintain  that  myelitis,  and  (jarticidarly  changes  affecting  the  multipolar 
cells,  are  consequences  of  arsenical  jwisoning.  Whilst  the  alterations 
were  well  marked  in  the  curd  on  microscopical  examination,  there  had 
been  no  tenderncHS  along  the  course  of  the  nerves  during  life.  As  in 
lead  [>oisoning,  it  would  appear  as  if  the  lesion  might  )>e  {)criphend  or 
central,  or  a  combination  of  both. 

The  administration  of  arsenic  for  a  long  tiniu,  even  in  small  doses, 
must  induce  changes  in  the  nervoua  system.  Arsetuc  deranges  the 
functiun  of  nerve- fibres  jmrticularly,  for  these  a]>pear  to  l»e  more 
susceptible  than  nerve-ciOls,  and  altered  funrtioii  is  followed  by  altered 
structure.  In  metallic  poisoning  one  is  struck  liy  the  bilatei-al  aymmctiy 
of  the  peripheral  nervous  lesions,  and  that  cerUiin  fibres,  m«)t<ir  ur  sensoiy, 
are  mure  affected  than  others.  Again,  there  may  l>e  a  8imidjiti(m  of 
tabea,  with  ataxia,  muscular  ana^sthesid,  luid  loss  of  knee-jork,  consequent 
upon  a  preix)nilenmt  aft'eclion  of  the  afferent  nerves.  How  peculiarly 
siiac-optible  nerves  are  to  all  toxic  influences  has  been  shown  by  Sklarot 
of  Berlin.  Ringer  and  Muirell.  On  injecting  arsenious  acid  or  an 
arseru'ate  into  animals^  they  foiuid  that  the  drugs  acted  directly  n|H«i 
the  nerve-centre*,  producing  paralysis  of  motion  ivith  loss  of  sensation  and 
reflex  action,  and  that  they  wei'e  highly  toxic  also  to  the  peripheral  nerve*. 

Different  organs  exhibit  a  selective  influence  in  ivgaid  to  arsenic. 
In  acute  poi>*oning  this  is  seen  in  the  gastric  mucous  membrane  ;  and 
in  chronic  forms  in  the  liver,  kidneys,  and  heart     llie  skin  is  affectefl 
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ill  chronic  arsenicisra.  In  the  treatment  of  chorea  l»j"  increaaing  d 
of  Fowler's  solution,  whilst  the  diatyis**  may  he  cnred^  there  is  fre<ju«f»l1y 
loft  after  it  deep  brown  pigmentation  of  the  skin,  either  of  the  face 
especiaily,  or  sprea*!  generally  over  the  trunk  And  limbs — a  pigmentadoo 
which  does  Imt  deepen  under  the  adminisirHtion  of  pot^issium  iodhlr, 
given  in  the  belief  of  its  being  iin  eliminant  fur  arsenic.  Arsenic  is  sud 
to  prevent  the  acne  of  hromisni :  but,  if  this  be  do,  yet  siicU  patit^nts 
may  present  mild  pigmentatiun — first  aa  discrete  small  apota  which 
ultimately  coalesce. 

Sex  is  not  without  its  influence  in  the  evolution  of  the  Kyraptonu. 
Cox  investigated  1700  cases  treatcil  by  arsenic  and  found  that  the  gastric 
symptoms  are  commoner  in  women,  and  the  intestinal  in  men  ;  that  the 
cuujunctiva;  are  often  inllametl  in  men,  and  that  nervous  sym]>t<:>nis  xrt 
more  frciiuently  observed  in  women.  Children  and  young  [>eople  bear 
arsenic  well ;  but  old  people  are  peculiarly  BuseoptiblQ  to  it,  and  in  them 
signs  of  i»erve  defeneration  rapidly  appear. 

When  ai'scnic  is  administered  in  small  doses  for  a  long  time  the 
symptoms  may  be  slight ;  the  health  is  so  gradmdly  deteriorat^Mf  thkt 
diseiise  from  other  causes  ia  simulated  :  in  other  cases  the  slow  fiimi  t4 
|H)ifioning  is  but  a  repetition  in  miniature  of  the  acute.  There  m»y 
Jai  gnulual  loss  of  appetite,  emaciation,  increasing  feel^leness,  doprofisaoD 
of  spirits,  irritability  of  tem|}er.  sleeplessness,  pigmentation  of  oldm 
conjunctivitis,  catarrh  of  the  nasal  mucous  membrane,  scanty  urim 
numbness  of  the  extremities,  bypenestbesio,  paralysis,  con^1llsions,  faint* 
ing,  and  death. 

Mr.  Jonathan  }Iut<*hin.son  noted  the  inHuence  of  arsenic  in  catistng 
keratosis  of  the  jmlms  and  soles  in  a  young  lady  the  subject  of  lupus,  in 
whom  the  keratosis  grailually  disappeared  on  disi'ontinuing  the  medicine ; 
he  also  reported  the  case  of  a  young  man  who,  after  talking  arsenic  for 
eight  years,  developed  numerous  small  corns  and  a  peculiar  horny 
condition  of  the  jtalma  ami  soles,  which  on  microscopical  examination 
shewed  great  thickness  of  the  epidermis,  but  no  dii^CJise  of  the  papilbr. 
here  is  now  a  considerable  auu>tmt  of  evidence  to  shew  that  in  addition 

peripheral  neuritis,  br<jn?.ing  of  the  skin,  and  the  development  of 
keratosis,  the  prolonged  administration  of  arsenic  may  he  productive  of 
even  more  serious  conserpiences.  Further,  he  alhides  to  a  case  of  Mr. 
Arbuthuot  I>ane's — a  man  who,  after  tjiking  arsenic  for  thirty  years  in 
order  to  relieve  psoi-iasis,  l)eeame  the  subject  of  nuiltiple  gi-owths  of 
srpmmous-celled  carcinoma.  Pnifessor  Allbutt  liaa  seen  a  similar  result 
in  a  young  Monum.  It  appears  that  the  keratosis  and  multiple  small 
growths  that  develop  in  the  skin  after  a  lengthened  course  of  arsenic 
are  pceuliarly  prone  to  uike  on  mah'gnnnt  action.  Whilst,  therefore^ 
arsenic  causes  marked  thickening  of  the  skin  it  is  indirectly  re- 
sponsible for  growths  which  subsequently  become  true  cancer.  It  may 
also  cause  other  forms  of  akin  irritation.  WoofI  menti<>ns  a  casr  of 
obstinate  eczema  of  the  hands  conaequeiit  upon  using  playing-card^ 
containing  on  the  back  one-eighth  of  a  grain  of  arsenic  each. 
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The  diagnosis  of  chronic  arsenical  jwisoning  is  at  times  extremely 
Hitficiill.  Peripheral  neuritis  and  progiessive  eninciation,  without  local 
(liseai^,  are  either  tliiithetic  or  toxic.  A  chemical  examination  of  the 
(irine  may  throw  light  ui>on  a  douhtful  cj*»e. 

Treatment — If  the  ciise  he  acute  ami  seen  early,  emetics  and  the  use 
of  the  stomacb-tubc  are  called  for  ;  but  the  antidote  for  arsenical  jwison* 
ing,  when  the  drug  18  still  present  in  the  stomach,  is  freshly  itrepare^l 
ftrnc  hydrate.  It  acts  hy  converting  soluble  arsenions  acid  into  the 
insoluble  arsoniate  of  iron.  Ferric  hydrate  is  rapidly  prepared  by 
adding  liquor  ammonia*  fortior  to  tb(»  liquor  or  tincture  of  ihe  purchloride 
of  iron,  care  being  taken  not  to  add  excess  of  ammonia.  The  liquid 
may  be  administered  without  filtration  an<l  given  freely.  Should  the 
poison  have  already  pjisscd  into  the  system  ferric  hydrate  is  usele-ss.  The 
treatment  must  then  depend  upon  the  symptoms.  Copious  draughts 
of  wat«r  probably  aid  the  elimination  of  the  drug  by  the  kidneys.  For 
arsenical  pai-.Uy.'^is  tonics  such  ns  lifpnir  strychniufp  may  l»e  necessary ;  as 
well  as  the  employment  of  massage  and  electricity.  loflide  of  potassium 
may  be  of  servicn  as  an  aid  towards  the  elimination  of  the  poison  in 
mild  subacute  cases. 

Thomas  Olivkr. 
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Abobtjok  in  lead  poisoniog,  1048,  1057  ;  in 
phosphorus  poisoning,  0ti5 

AbriD,  42 

Absinthe,  908 

Acetanilide  poisoning,  979 

Acid-fast  bacUIi,  259,  317-?22 

Acids,  poisoning  by:  carbolic,  1017-1021; 
ergotinic,  888 ;  helvellic,  871  ;  picric, 
1031  ;  aphacelinic,  888 

Acne  rosacea  in  alcoholism,  922  ;  in  tea  and 
coffee  poisoning,  988 

Acrodynia  and  ergotism,  891 

Actinoniyvosis  (streptotrichoslH).  304,  324- 
343  ;  chronicity,  337  ;  lesions  in,  331  ; 
pathological  anatomy  of,  327  ;  symptoms, 
336  ;  treatment,  338 

Addiroent,  96 

Adenitis  in  scarlet  fever,  455,  471 

Adsorption,  77, 112 

"After-damp,"  poisoning  by,  1035 

Agariats  muacarius,  poisoning  by,  870 

Agghitinatiou,  150-156  ;  by  immune  serums, 
152  ;  by  normal  serums,  151  ;  in  food 
poisoning,  877 ;  in  glanders,  223 ;  in 
tuberculosis  260 

Agglutinins,  153 

Agglutinoids,  155 

Aggre.s8ins,  45 

Ague,  "brass-founders',"  1010 

Albuminuria,  cyclic,  458  ;  due  to  potassium 
iodide,  1065  ;  in  food  poisoning,  873  ;  in 
measles,  395  ;  in  luumps,  589  ;  in  opium 
poisoning,  942,  954  ;  in  phosphorus 
poisoning,  995,  1001 ;  in  scarlet  fever,  456, 
471  ;  in  small-pox,  502 

Alcohol,  ethyl,  901  :  as  a  footi,  904  :  per- 
centage in  various  liquors,  905  ;  pliysirt- 
logical  action,  902  ;  use  of,  in  typhus,  561 

Alcohol,  methyl.  913 

Alcoholism,  901  -  937 ;  acute,  911-914; 
diagnoMs.  913:  chronic,  915-929;  morbid 
anatomy,  916  -  922  ;  diat^io.sis,  925  ; 
etiology,  909  ;  prognosis,  925  ;  sj'mptoms, 
922-925  :  treatment,  926-929 

Alexins,  76,  96,  123 ;  Bonlet's  views  on, 
106  ;  Buchner's  views  on,  130  ;  origin  of, 
147 


Allantiasis,  860 

Amaurosis,  tobacco,  982 

Amblyopia    in    alcoholism,    913,    923 ;    in 

bisulphide  of  carbon  poisouing,  1021  ;  in 

nitrobeuzol  poisoning,  1025 
Amboceptor,  96 

Amenorrhoea  in  lead  poisouing,  1048 
Anseniia  after  rheumatism,  628,  650  ;  in  lead 

poisoning,  1047 
Anffina    Ludovici,    21;    rheumaticct,    610; 

tobacco,  984 
Aniline  poisoning,  1026 
Antbracfemia  (anthrax),  227 
Anthrax,    227-257;   antitoxin,    182,    252 

bacteriology-,  228  ;  cutaneous  form,  233 

diagnosis,     249 ;    intestinal    form,    238 

pathological    anatomy,    239 ;    symptoms, 

243  ;  treatment,  252 
A  nti- amboceptor,  104 
Anticomplement,  103  :  Moreschi's  views  on, 

112 
Antifebrin  poisouing,  979 
Antiferments,  161 
Anti-immtine  body,  103,  112 
Antilencotoxin,  160 
Autimallcin,  225 
Antimony    poisoning,    1014-1017;    "pox" 

in,  1014,  1017 
Antiphthlsin.  296 
Autipyrin,  979 

Antiserums  {see  Serum),  172-176 
Antispermotoxin,  160 
Aniistreptococcal   serum    in    scarlet    fevtjr. 

464 
Antitoxic  sernms  (*■**  Serum).  172-176 
Antitoxins,  chemistry,  56  ;   formation,   37, 

50-56  ;  in  nonnal  seruiris,  87  ;  propertiej", 

66 ;    reaction    with    toxins,    67-78,    89 ; 

sources,  83  ;  standardisation,  54 
Antivenene-s,  55,  174 
Appendicitis  and  antimony  itoisoniiig,  1015  ; 

and  lead  {xiisoning,  1046 
Aqua  T'-faufi,  1068 
Arrack,  908 
Arsenic  eaters,  1069 
Arsenic  poisoning,   1066-1077;  cancer  and, 

1076;  morbid  anatomy,  1071  ;  peripheral 
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neuritis  iu.  1074:  "pock,"  1066;  Kvm 
ptoms,  1073 ;  treatment,  1077 

Arsine,  poisoniug  by,  1067 

Aiteriosclerosis  in  alcoholism,  921 ;  in  to- 
bacco i»oisonmg,  982  ;  in  syphilis,  359 

Atheroma  (itw  Arteriosclerosis) 

Atro])ine  in  mushroom  poisoning,  882  ;  iu 
opium  poisoniug.  944 

Autolysin,  105 

J)neUhis  nntkrads,  228  ;  hytuUntts  in  food 
poisoning,  860,  874 ;  co^i  couimmiis  in  footl 
poisoning,  861  ;  diphtheriir.  317  ;  dyteii- 
te.ri(c  in  food  poisoning,  864  ;  enteritidii 
in  food  poisoning,  858,  873,  878  ;  mallei, 
206,  317  ;  pfirattfphi^HS  in  food  jwisoning. 
860,  865  ;  pnitens  iu  food  poisoning,  862  ; 
paithtcosig  in  food  poisoniug,  859  ;  tvher- 
etdosis,  258,  317  ;  typhogns  in  food  poison- 
ing. 860 

Bacteria,  .icid-faat,  259.  317-322  ;  and  arsenic 
poisoning,  1067  ;  and  fooil  poisoning, 
855-883 ;  attenuation  of,  11  ;  causing 
disease,  3  ;  distribution  of,  in  Ijody,  32- 
34  ;  infection  by,  12,  45-47  ;  interaction 
of,  13  ;  parasitic,  2,  7  ;  saprophytic,  2,  7  ; 
tissue  changes  tlue  to,  20-30  ;  toxins  of, 
34-45  ;  virulence  of.  11,  16 

Bacteriolysis,  95  ;  aualogy  with  ha?molysis, 
115  ;  harmful  effects  of,  116 

Barbf-nrholera,  866,  876 

Beer.  905 

"Bellond,"  1042 

Bhang,  965 

Bisulpliide  of  i-arbou  poisoning,  1021-1023 

Blasting  gelatin,  1030 

Blootl  pressure,  alcohol  iind,  903 

"  Blue  line  "  in  lead  poisoninfj,  1047 

Botulism.  860 

Bradycardiji  in  typhus  fever,  548 

Brandy,  908 

"Bni-^s-tbunders' '■  ague,  1010 

Broncliiti-s  iu  Geniiau  Tiiea>*les,  406  ;  in 
iiieiisles,  393  :  in  small-pox,  513  :  iu 
tyjihus,  .')50  :  iu  whooping-cough,  .")79 

BroiK-hoiuieurnoiiia  in  Gfriiiiiu  measUts,  406  ; 
in  nie;i>les,  387.  3i*3  ;  in  scarlet  fever, 
4(J0  ;  in  simdl-pox,  513  ;  in  whooping- 
cough,  .')79 

"  Brni:ch:)typhus,"  .''..^ri 

"Bull-nivk."  441 

Burnett's  diMutVitrng  tluid.  1013 

Bursitis  in  syphilis,  :J61 

*'Biitt"n  farcy,"  217 

Cacodylali*  nl  soda,  poisoning  by,  106S 

('alfeinf.  ai-iiou  of,  9S5  ;  in  upiinn  poisouinir, 
H44  :  poisoniiii;  ))y,  '.'S5-988 

t'amp  t'evt-r  (typliiisl.  539 

C'aiRcr.  arsfiiic  poisoning  and.  107tj :  vaccina- 
tion ami.  73.^ 

Caifrt'iii  '■<■/.»■  ':ntima').  39.'( 

Caunabiuol.  965 


CanMibis  titdica,  poisoniug  by.  965 

Canquoiu's  paste.  1013 

Carlwlic  acid  i>oisouing,  1017-1021  ;  >ym- 

ptoms,  1018  ;  treatment,  1020 
Car»»oluria,  1019 

Carlton  bn^ulphide  poisoning.  1021-1023 
CarlNinic  oxide  poiiiomng.  1032-1035 
"  Carotting,"  1002 
Caseation  in  tuberculosis  2t54 
Catanh,  infective,  564 
"Catching  cold,"  565 
Cells,  wauderiug,  9 
"Cerebral  breathing,"  544,  550 
Chancre.  Huuteriau,  345 
Cliaras  965 
Charbimj  227 

Cheloid,  vaccination  aud,  671 
ChemiotaxiN  137,  215 
Chicken-pox,    475-483  ;    co-existence    with 

other   fevers,   844-847  ;    contlutfut.    AbO : 

diagnosis,  522 
Children,  opium  poisoning  in,  945  ;  rheuma- 
tism in,  645-662 
Chloral  poisoning,  978 
Chloroform  poiKOuiug,  chronic,  976 ;  delavc^l, 

977 
"  Choke-damp,"  poisoning  by,  1035 
Chorea  in  measles,   395 ;    rlieumatlc,    606, 

658 
Cliromate  of  lead,  {wisoning  by,  1C41.  1067 
Chromatotaxiit,  215 
Cider,  905 
Cigarette- smoking    and  tobacco    {>oisoniiig, 

982 
Cirrhosis  of  the  liver  and  alcoholism,  916; 

ami  lead  poisoniug.  1061 
('/(irircjts  piirpitreft,  in  ergotism,  8i«7 
Coal-gas  poisoning,  1032-1035 
(.'oca,  968 
Cwaine   poisoning,   968-974  ;    acute,    969  : 

chronic.  972  ;  death  due  to,  969 
Coffee  poi>oniuK.  98,'>-988 
Cold,  couiiiion,  564 
<.'(ilic  in  l**.^d  poi.'^oning,  1044,  1046 
Colics"  I>.iw,  354,  365 
(.'oniplcmentoids,  104 
Coniiilenitruts,  9Q,  119:  and  phagolvMs.  134  : 

artilicial    supply    uf,    120:    deviatiitii    <>f. 

112  :  multiplicity  of,  101. 105 
Condyloma,  in  syphilis.  346 
Conjunctivitis  in  measles  396  :  in  sniall-jMx. 

.>12.  534 
C'ou3iii>ation   iu   glau<lular   fever,    .'>91  :    iu 

lca«l  pni.souing,  1045 
Contagion,  conception  of,  6 
<  'iintagiuni,  6 

Coiivnl^iiUH  iu  whooping-cough,  577 
Copper,  iletcction  of,   101*2  ;  purification  of 

drinking  water  by,  1012 
CopiH-r    poisoning.    1008-1012:    in     bras— 

workers.  1011 
Corneal  nl.i-r  in  small-iKix,  512,  535 
Coruutine,  poisoning  by,  888 


^K                                                             /NDEX                                                        1081            ^H 

^^BBKpMi^iiNy^<*i  >n  bvilropliabia,  819 

Euuaiiie.  971                                                             ^^H 

f         507 

1      Cnw-iKiK,  747  :  in  niiui,  748 

EiplOftiwi,  potrauiii^  >>y,  1037-1082                 ^^^^M 

Kai'lal  paralysis  iu  mumps,  589                         ^^^^^| 

\       Cumni  ill  liydroithol'in,  8*29 

/"ticirs  tj/ptiom,  543                                                   ^^^^^H 

1      CyUw.  \m 

^^^^H 

1      C\-todiuguoiu  of  lalierculoUi,  293 

FitTcy,    201  -iW/;    Lactcriologj,    '208;    dlii-       ^^^H 

E      C>-toIy«N  159 

^tohis,  221  ;  lutfthod  of  iufertiou  in,  203 ;              ^^| 

Hyiiiptoiuh,  219  i  LreaUiient,  223                              ^^H 

Driirin-.**  aftfr  lunnipK,  TiSS 

Fany-biKK  216                                                              ^H 

Dentil,    Niidttfii,    iu     rhsiiraatixm,    594 ;    in 

>'nrcy-pip<«,  217                                                                 ^^^| 

■          sii1}iluir(^tt»il  liyilrcig<*ii  poL>«ouiiig,  103G 

Fvvur,  glnodiOar,  591  -593  ;  i»tttholo»,'y  of.  30 ;            ^^M 

1     Dvlirinni  tremvos,  92l*-935  ;  <Hnt,n)oei(«,  ^'i'l ; 

rheumatic,    694-062:   scarlet,   410-476;       ^_^^M 

1          propiioaU,  932 ;  rvstraint  in,  935 ;  syin- 

538-564                                                 ^^^H 

I'loiut,  930  :  trvAttiiciil,  933 

Fevtirs,  iM>-rxi!<t<nots  or.  843-851                           ^^^^H 

I>r.4qii«jufttioi)  m  fti'Arli-t  fii\-Br.  -IIH,  43fl 

Kilntnw'.s  (Kni.Hlc'n)  (tpoix,  .188                               ^^^^H 

Dew.ilmry,  vacL-iuatiuii  at,  774 

Fiih  pniHouiDtr.  865-867,  675                               ^^^^^| 

Durhvinu  mill  leoil  pniMiiiiD^,  1044 

"  Fi^Ur»r.    96                                                      ^^^H 

tiiarrlnL-A  iu  iiiuni^U'S.  !t04 

Knniites  540                                                                  ^^H 

DiaitroWtiEoI  powinlng,  1023-102fi,  1028 

KrKxl   poisoning.  855-8S4  ;   antinentm    for,             ^^H 

Diplitlieria  ami  siiiall-pox,  4d6  ;  uo-cJtijdencr 

882:    lucteria  cauning   it,    855-8K3 :   bjr              ^^M 

with  other  ft-vcrs,  843-851  ;  iluvi^lupmeiil 

altiihul.  912;  dy  cliiok-iwas  (lathyrism},             ^^1 

of  ftutitoxiii  ill.  fl8  :  pi^flt'tcnrUtiiial.  461 

S9S-900  :  )>y  Ml.  865-867.  891 :  t>y  matxc             ^H 

iiijilitCiKimg    rh^umiififmji.    (il3  ;    in    cliorca, 

(pcllAKra),  892-898  ;  by  meal,  86S,  HHO  :               ^^M 

tSO'J 

by  milk,   804  ;   by  uiualiruOiiLH,   S6h-872,               ^^M 

Diiworiiauia,  935 

881  ;  iiyr>e(eT^t)Nm),8M-X92;  diaguoiOs               ^^H 

DivM'iriinal;<Nl  riiyi-Iilin  in  tneafilfs  397 

870-880  :     pjitholoffica]    noatomy.    872 ;              ^^M 

Dovfcr'H  povr.ier  in  syplliIi^  370 

prophylaxis  880  ;  in-mptnmK,  873  ;  treat-             ^^1 

'        Dnig  vrupttuuH,  VD«!oiiiatiuD  atid,  094 

iiK-nt.  8S0                                                              ^^M 

Pniiikm  fit,  thp,  911 

Font-niul-raoiith  M*ttu^   806-813;  Imcterl-              ^^M 

'•  Dumb  palsy  "  (hyilrophobia),  826 

olog\'.    809;    ill    man.   811;    nymptoiuK,              ^^H 

UyudmitA.  1030 

^^^M 

Foniii'-  .ii-id  in  rlieumaliMu,  614,  620                    ^^^^^H 

Ec»!DiA  HJt'I  vacclnntiMi,  689 

"  Fourth  difleafits"  scarlet  Im'vr  nud.  448            ^^^^H 

Elirlirh  pru-iiniupiiou,  the.  fll 

Fiigtu,  866,  876                                                  ^^^^H 

Ehrlirh,  views  u  to  uitftfaius,  81-87  ;  ou 

FiiuKi,   llritiikl).  table    of;    860;    poUKiniag      ^^^^1 

1             pfvloplftMii,  162 

by.  868-872,  894:   toxic  prjndplcs  of.            ^^H 

1        Kiiocphaloi-athv   iii    leail    ixnsoning,    1049, 

870                                                                             ^^M 

1            106'2.  lOtJl 

^^^^^^^ 

KiuliMim litis   in   m«.*le»,  395  ;  In  rhemiia- 

OMDTtner'H  luu-illan,  858                                             ^^^^M 

IiMii,  604.  009,  623,  S60 

(innRrviie.  epidemic  (ergotlam),  884-892              ^^^H 

EudotojnnA,  43 

1  t»agr¥^nt>  of  luug  iu  typhns  fcTer,  660                ^^^^^| 

Eiit*ric  fiver,  i'o-sxL4cuop  with  ntiwx  fevere, 

GaiOn.                                                                      ^^^^1 

84.%851 

ittuA  fvvtr  (t>'phiui),  539                                                   ^^H 

Et>^iu■>philio  in  nvmri«t  fever,  444 

(iM,    |>oisaiiing   by:   coal-gM,   1032-1035;              ^^^| 

Epi.lfiiiii  gangraiie  (er^otlrai),  884-892 

wati-r-tnu).  1032-1036                                                 ^^1 

Ephlciiiii-  r"?K-('la,  404 

(•a^lnti''  ill  nlL-«)lo]i^m,  916.  923                                  ^^^| 

k       Epik'pny.  (■piili-iiiic  (ergntinu),  888 
[       EpitoxoldN  04 

(la-stjnubteritii   (Arv    Food    Vou>ottiini^  B65>                ^^H 

883                                                                        ^H 

'        Epizootic  stomatitis  80€ 

Geniiau  mea>il«.  404-410  ;  nlwmuit  fomm,               ^^H 

Errtliijtm,  mrrcuriitl,  1006 

407  :  and  •varlcl  f>^er,  448 ;  co-«xi)iteiH:e                ^^H 

Kii:oluui,  ^84-892  ;  ami  Raynaud's  cUimmuk, 

^^ilh  otbur  fi'vpTH,   843-861  ;    diagnonia,              ^^1 

891  ;    cau-uitlDn,    N«7 :    diagno^ds.    891 ; 

409                                                                              ^H 

p»tboIngj.  S89  :    symploms.  890  ;    trMt- 

Oln,  908                                                                          ^H 

KIMt.  Sltl 

Gin};ivftis  in  inervury  imiioninj;,   1005 :    m              ^^H 

Eryitpelas   co-L-xirteiiM  with    other  ftverB, 

pho&pbonif^  poiJiiDnitiif,  1<>00                                      ^^H 

843-S&1  ;  vaccination  au.i,  099-707 

Glaiidrr>i,   201227:    iigglnlitiatiuu   tcMt  in,               ^^M 

Erythema  ej-uttaiivum,  rhcainatic,  H57 

223  ;  t>actrrio)og>-  of,  206  ;  clirumatotAXia              ^^H 

Erythema  in  tuinll-iKix,  5^0 

ill,   215  :    diagnosis,   221  ;    ImiR   affccu^l              ^H 

£n/fftrma  ntW^'ffHin,  668 ;  in  rheumatifln. 

iu,  212  :  tiietliod  ofinfecUon,  203  :  Kniall-             ^H 

ti-24 

|K>x   and,   524  ;    fyiuptoma,    216  ;    tTt*at'              ^^^| 

1       ErylliroroHal^  ami  rrgolism.  891 

^^^H 

1      Etinfr  }M>i»oiiing.  974 

OlaixluUr  f«v«r,  591-593                                      ^^^H 

io82 
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Glossitis  ill  Hniall-pox    514,  534  ;  in  toliacco 

potgouiDg,  982  ;  in  syphilis,  346 
Gloucester,  vaccination  at,  774 
Glycogenic  reaction  in  scarlet  fever.  446 
"Gold  cure"  and  alcoholisin,  929 
Goat  and  alcoliolisni,  922  ;  and  lead  poison- 
ing, 1058 
Grain    poisoning,    884-901    (»m    Ergotism, 

LiUhyriHni,  Pellagra) 
"Grease"  {eqniual  small-pox),  747 
Grimacing,  in  second  dentition,  658 
Gnnima,  349 
Gunpowder  fumes,  poisoning  by,  1028 

Habitual  dnmkards  nnd  the  Inebriates  Acts, 
927 

HfctnatoporphjTiuQTia  in  lead  poisoning, 
1060  ;  in  rheumatic  fever,  621  ;  in  sulph- 
onal  poisoning,  960,  979 

Hiematuria  in  small-pojc,  502 

Hieniolysis,  39,  60,  95-116  ;  Bordet's  views 
on,  105  ;  by  snake  iKiisou,  167  ;  Ehrlich's 
views  on,  97  ;  Mnlr's  views  on,  109 

Haptopliore,  64 

Hasheesh  poisoning,  965-968 

Headache  in  syphilis,  375 

Heart  in  alcoholism,  920,  923  ;  in  rheuma- 
tism, 604,  621,  650-655 ;  in  tobacco 
poisoning,  983 

Helvellic  acid,  poisoning  by,  871 

Hemiplegia  in  measles,  396  ;  in  whoopiug- 
congh,  578 

Hemp.  Indian,  poisoning  by,  965 

Hendon  cow-disease,  the,  417,  421 

Heredity  in  rheumHtisni,  603,  647 

Herrings,  poisoning  by,  866 

"Horror  autoOixicnn,"  105,  165 

"Honors,  the,"  929 

Horse-]  10 X,  747 

Hospital  fever  (typhus),  539 

Humic  acid  and  lea<l  poisoning,  1038 

Hutchinson's  teeth,  877  (Fig.) 

"  Huttereich  "  in  arsenic  poisoning,  1070 

Hydrugen,  arseniuretted,  1067  ;  phos- 
phorelted,  989.  990  ;  sulphuretted.  1035 

Hydrophobia,  813-S43  :  iUagnnsis.  826  ;  eti- 
olojry.  815  ;  histology,  818  ;  in  the  t\og, 
827,  incubation,  824  ;  "  Negri"  bodies 
in,  822  ;  paralysis  after  treatment,  835  ; 
syniptnnis,  824  ;  treatment,  828-840 ; 
treatment  by  serum.  837  ;  intensive  treat- 
ment, 833  ;  simple  treatment,  832 

Hydnvpiinone,  1019 

Hydrotherapy  in  hyperpyrexim  634 ;  in 
measles,  401  :  in  tyjihus  fever,  561 

Hyperi»yrexia  in  delirium  tremens,  932  ;  in 
rheumatism,  625,  6:J4,  649 ;  treatment, 
634  :  in  scarlet  fever,  434,  442,  469  ;  in 
typlins  fever,  546 

Hypnotism  in  alcoholism.  929  ;  in  opium 
poisoning.  964 

Hvsteri.1,  "toxic,"  iu  lea*!  poisoning, 
1049 


Ichih^otoxisnnu,  860 

Icterus  and  phosphorus  poisoning,  995 

/^MM  sacer  (ergotism),  S84 

Immune    body.  96 ;    cheoiiotaxis   of,   lob : 

formation,  113, 124  ;  relation  to  opsomu>. 

141  ;  varieties,  101 
Immune  senim,  94 
Imrauuisation,  dithculties  in,  113  ;   process 

of,  52 
Immunisine,  138 
Immunity,  active,  48;  production  of,  184  : 

against    bacteria,    00 ;    ogaiuftt    malarin, 

171  ;  htemolysis  and,  113  ;  natural,  15r3 : 

passive,  46;  persistence  of.  144  ;  phaic*)- 

cytosis  and,  145-150 ;  unit  of.  54  ;  whether 

cellular  or  Immoral,  129 
Impetigo,  \'acciuation  and,  690 
Indian  hemp,  poisoning  by,  965-963 
Inebriates  Acts  and  alcoholism.  926 
Infantilism  and  syphilis,  378 
Infection,  general  pathology  of,  1-198 
Infection,  by  protozoa,  169  ;  by  ultramicro- 

scopic  agents,   168  ;  causes  of  death  in. 

32  ;  conception  of,  6  ;  fnuction   changi^l 

in,  30-32  ;  predisposition  to,  acquired,  U- 

17  ;  predisposition  to,  heredltarv,  17-20  ; 

predispoAitiou    to,    )>ersonaI.    I'i  ;     ttv-iie 

changes  in,  20-30 
Infectious  diseases,  co-existence  of.  843-851 
Influenza  cold,  569  ;  influenza,  meoMles  and, 

393  :  small-pox  and,  520 
Inocnlation,  anti-cholero,  185  :  anti-pl.igue, 

186  :  antistaphylococc&I,  188  :  antitulier- 

culous.    189,  Beliring's,   192,   288  ;    .mti- 

typhoi<l,  186-188 
Insanity  hi  ether  poisoning,  976  ;  in  ha>lit-vsV. 

poisoning,  967  ;  in  lead  poisoning.  1057  ; 

in  opium  poisoning,  958 
Insomnia  in  alcoholism,  923,   92S  :    in   x^. 

twcco  poiFonmg,  984 
Iodides  in  syphilis  369 
Iritis,  syphilitic,  347 
Iron  carltonyl  poisoning,  1037 
Isolysin,  105 

Jail  fever  (typhus),  .539 

Jaundice  and  phosphorus  poisonin^%  99.'> 

Kala  azar,  phagoi-ytosis  iu.  170 

Kephir,  908 

Keratitis    in    small-pox.    506,    512,     535  ; 

syphilitic,  378 
Keratosis  in  arsenic  ptiisoniiig.  107t> 
Kiiluevs  in  alcoholism,  917 
Koplik's  simts,  388 
Korsakoff's  syndrome,  924 
Koumiss,  908 

Lamprey*,  poisoning  by,  866 

Larjnigitis  in  alcoholism,  918  ;  in  chicken- 
pox,  481  ;  in  measles  392,  402  :  in  .-.niall- 
pox,  613  ;  in  typhus  fever,  551 

Lor^Tix,  tul»erculosis  of,  269 
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Lathyrum,  898-900 

LtiifUiium,  [ulinliiUtraliuii  to  iufiuiis  94(1 

L««d   poiiouin^,    1K{7-10(16 ;    al>oirti<iii    In, 

,    104».    1057:   MiiL-iiim   m,    1044.    hl<«.I 

k   chau^M    iu,    104S  :    l)y    iiinnrlftnd    WKt«r, 

r   1040;    t/ilic   Id,    1044;    c'i[iiitii>atiuTi    in, 

1045:   dlajmoHU,   10t}2 :  fpl«lemu-.   10:^8, 

1040  ;  four  i-hli-f  foniin  of.  1044  :  K<nit  in. 

10&S;    iu<li»triii).    1041,    10t{4  ;    Innibor 

inualiin?    iiu    10il5 ;     mlinit*    *\w4f»    in, 

1030;   morbid  rimtomy.  lOlSO :    iu*rvLtii( 

rlurinl«n(  ii),  1049-10r»7:  pms:ii>»i>.  lOiKl; 

ity«iptom%  1044-1060:  trratniftit,  1063- 

lOtftt 

iter,  vxccirmtioii  nt,  774 
ijxvMT,  riKiciimtioD  ami,  735-788 
rticiu'.  997 
icooytosin,     nrtlfirijil,     19'J :     in     hyHro- 
pholttH,   S20  ;   ill   ImicUtuiI  iiifpctiniLt,   27, 
39  :  til  ]trnrozoaiii  iiifei-tions,  170  ;  in  Ivail 
|>oi50iiiHfr.   1000  :    in  <«.»rkt  fffv<>r,  443  ; 
in  trphuii  fever,  A42  :  in  vun:iiiaUnii,  672  ; 
in  wlio<iptiig  t-oiigli.  67S 

U'ucolT«i«,  16n 

L«acnnininf«.  R60 

Ijf  ir^opifuia,  in  t-uteHc  f«v«r.  27 

Ltiicntonins,  !tSO 

Liinmirn,  ron<(titnentit  of.  POS 
Jarvr,   tciitv  yi-tlow  ninigiliy  of  a'ul  plioi- 
phtmiH  ]Mjl*minfr.  993.  990  ;  in  AlcohaUttn, 
916  :  in  Itpul  p(ii<ni:iiuK,  1061 
ibv  piimtnro  in  Iviul  [>niiioniiig:,  lOOfi 
'  caiici^r"  nf.    in   arsenic    loLtouiag, 
W;   cnIlB|M«  of,    ill  wlinopinx- cough, 
579  ;  p^^K"'""  "^  '1  typhus  fever,  &ft0  ; 
liif«cte<l  In  glAuders,  212:  iMeuia  of,  in 
Noirlct  ffVL'r.  473  ;  tiitwrculoei^  of,  2<i6  ; 
hibonniltwin  of,  in  nlrohoIiRiii,  919 

*upUH,  272  ;  vii_vinfttioii  m'l,  73? 

Lv'Ulile  fuuie'^.  poi-'nniiic  l>y,  1082 

Kiuplu  vw.iuf,  74i5,  7f»9  ;  vmciiif,  glvcor 


inated,    7f»  ; 
755 


vncfine,    pMOTospernis    in, 


H.D.  (minimum  liiwitolytle  dose).  110 
L.l>.  (mitiiniuni  iHlia]  Ooiie),  .tft,  M 
Mai^ropluigu.  \-l\  141.  148 

tu  poisoning  \*tf  rtUagrel.  892-898 
Inria.  ininiDnity  to,  171  ;  luuvocytosis  In. 
170 
MnUKUiuit  pustule  (anthrax).  ^7 
MBllotu,  ^10 

nil.  alo^liolio,  93!> 
astUb  in  ntiiiu]>s,  53S 
Utfli«l  ili.i>.-a.-ict  In  liCArlet  fcvt-r,  454,  471 

les,  8Sri-40l  ;  ami  pwimnncy,  397 ; 
oo-(»xistfni'4>  -with  "tliKr  fi.'Vt*t>*,  843-851  ; 
diagrin^l't  "f.  409,  519.  521  ;  compUcntlona 
of,  392  :  (ri-rnian.  404  (atv  Ormia]i 
niNiAle^) :  tr«atmt;nt  or.398  :  without  erup- 
tion, 890 

poi*onih}c  by.  868-804 ;   tubcrettloaU 
283 


MiNtiaxttno-pericnrditic  In  iheitmntijiui,  6.'t3 

MeUtichuliiL,  alrohulic,  935 

MfDingltiit  in  niumpN  588 

M^^nzcr's  .vnim.  tjyS 

Mernirj-,  lietecUnn  of,  1004 

Siercury,  |K>iMuning  by,  1 002-1 008  ;  raor1>i<i 

anatomy,  100;i ;  «ympU)DiA,  1004;  tr*^t- 

nivut.  1008  :  um'  in  l•yphili^  320 
Mitjtllii^  {Kiiinutn^,  988-1078 
Mvihicnioulolifn     in     unltfubrln    pohoniiitt. 

980 :     iu    curbon    bi-ulphidu    potKoniU)i. 

1022;  in  Kniphurvticti  hyilrogKn  i»oifioti 

iHK.  Hi3(i 
Mctmrrlingia  in  lead  pnisoulng,  1048 
Mimnin,  t^ 
MifTt/cnccut  attarrhalin^  507  ;  HtruMnticuM, 

018 
MicTophap-.  12.'i.  114,  148 
Milk  poi!«otnnf;,  8b4  ;  »cnrk't  re%*c>rui<l.  417  . 

tu^t>ruii1oAi»  and,  28'2 
Mirchnmp'n  Hymptom  in  munipit,  .'iSO 
.Moorlanil  water  anil  Itttul  poiftonin^.  1040 
Mnrhiili  (nnra»l«a>,  385 
Mdrphim*.  avtion  of,  on  celln,  989,  957 
Morpliinc  iujectiuu,  949 
Sloq>liini-m    (wf    Opiniu    Politomtig),    94H- 

964 
J/.>mj.  201 
Murvf.  20! 
Mon  iu,  21 1 
MitrruKK  201 
MiiropR,  -ISO-ftSl 
Mnnip>  with  onlcric  fever,  851 
Ikltiiiich  bc«r-hcurt.  923 
Miist'oritliue,  870 
Miis.iftrliie,  870.  676 
MD^hrooma,  lAiAoninK  hy,  868-S73,  876,  S8). 

882 
MiLslirofiioR,  Britinii,  Ubie  of,  809 
Miisk  n*  a  Htimnlaui,  .*^t32 
Mnv^ls  i->iM3ntn5  by,  Stifi,  875 

Mv^vti*  i ntf si i Holis  {mwihvtm),  227 
MyelitiA   iu   ittcolioIl^iD,   919 ;    in   msaricA, 

397  :  iu  Jtmall-pox,  487 
Myocnnlititi  iu  rbtfrnuaLifeUL,  628,  05S 

Kegativo  phnKt!  in  immuniMiUoii.  5S 
"  Nivri  ■■  iKMlicH.  822 
NfifesTr-WfciislM-rR  plieuonieuon,  thr.  120 
Kepbritis  in  glandular  frrer,  591  :  in  lifwl 

poiwiiing,  1060  ;  In  lueruurial  poi^nnntg, 

1003 ;  in  warlet  fever.  426.  458.  471  ;  in 

whooping-trongb.  580 
Nfrvf-*-*-!!*  in  bydropholiia,  820  :  tn   ncutv 

alcolioliHm,  914 
Xcrrouh   diseases   and   KypfaUK    864  ;  and 

atcoholinni.    019 ;    ud    Irad    poLtoniui;. 

1049-1067 
Xeurul^a  iu  LoImk-oo  poiboiiin^,  984 
Nenrftl^  In  alcohnliflm.  9t!0,  923  ;  in  anwiiic 

I»oiflou)nir,  1074 ;  to  blMilphldc  of  carbon 

poiffoiiiuf,  1021  :  ill  lewl  pfii»oaiii^.  1055 
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Xeuromn,  ftvphilittc,  364 

Xeuro- retinitis  in  luatX  poisoning.  1052 

Xenrotiu^  and  opium  poisoning,  950 

Niokel  car)>on}i  poisoning,  1036 

Nicotine  iu  tobacco  poisoning,  981 

"Xi.lri,"  lOrO 

N'ttrobenzol  poisoning,  1023-1026 

Xitroglfceriu  poisoning,  1030 

Xitrou:«  fumes,  poisoning  by.  1031 

Nodules,    rheumatic,    605,    611,    629,  655 

(Fig.) 
Nomiu  meaale*  ami.  395 

Ophtbaluiia  and  vaccinia,  6S5 

Opium  poisoning,  937-965  ;  acute.  940-945  ; 
diagnosis.  942:  treatment,  943;  sj-mptoms, 
910:  clironic,  945-964  :  after-cure,  963; 
after  -  treatment,  962 :  constijiation  in, 
954 :  diagnosis,  955 ;  in  adults,  946  :  iu 
chiMren.  945  :  in  uearotics.  950  ;  path- 
ology. 955 ;  prognosis,  955 ;  relapse, 
962  :  symptoms  953  :  treatment,  956  ; 
withdrawal  of  moq>hine  in,  957 

Opiniu  i^uoking.  948 

Opium,  t  ilerauce  of,  917  :  use  of.  947 

Op^M>nic  index,  143  :  in  ta)>ercuIosis.  190 

Op^iMicphen->mL-non,the,  139-143  ;  iutnber- 
culosis  192,  293,  295 

Opsoains.  140  ;  Dt^n's  vitrws  on.  141 

Optic  neuritis  in  lead  poi^ning.  1052 

On-hitis  in  mumps,  58S 

Osteoiopic  pains.  359 

Otitis  ni«lia  in  roea.->Ie$.  394.  403  :  in  -«arlet 
feT«^r.  452.  470 :  in  MiialI-i>oi.  513  :  in 
typhus  fevfr.  hho 

Ovaritis  iii  mumps  .'■5S 

Oxytulwrvnlin.  296 

I\uKT«>.ititi-  iu  alcoholism,  916 

P;»rdlysi-s  facial,  iu  mumps  .'iS9 

pAriuiri.  314 

Par-ij-lefcHii.  in  carhoii  bi-ulphiile  poisonini.'. 
\*yi\  :  iu  ph','<phons  polM>iiing,  994  :  iu 
-ma"  -  p.>x.  515;  iu  syphili-.  364:  :u 
typhij-   fever.   554  ;    ia   whrtoping-oouah. 

Far-»::t;N  rpidruii..  556-591  :  symplouiat:-:. 

"Put;*:  :oLirie."'  5*4 

Pamt  -  '>>s*fs  375 

Pathr'l'-vy.  **e:.rril.  '.^f  ir.fettioa.  1-195 

Pe.ir!-i-"'S  ■-:!iili-[.-i\>.  752 

Pcli-uTi.    5.>»-5i*5  :     .A'^-sation.    5y3 :    -lia- 

*rsi-is  597:  p^tiiclc-c^-.  5i'5  ;  sy:;;p:i--n:-. 

^i^^  :  :rrit:;.ri::.  597 
PirL.:;.:-^s  va,-.::.3::-.:,  ai;-!  ^Vl 
/*-  .  -'  '■■'■-  '.:'••■''  :l  Ar^:.:  al  poi>'>r.:'-j. 

I*'^5 
Prr;-.\T  i:::-,  rhtun.at:  .  •I'lO.  'j'21.  6*5.  'fl** 
Pt:r:.'.^L  ir.rl-i  ■:•*.  lantx  in  :v:.ius  5,-3 
Prr:>:;::s  ^Mhiliti^  562 
P-r:: -i.^--...  :---rr.-:;-~:<  -f,  ii'Y^ 
/•-  •  >*..    n;.->?i::i  vo=s'-  .  571 


Pfeiffer  pheuomenoD,  tb«.  &:i.  132 .  &i.-: 
phagocj-tosia,  132 

Phagocytosis,  24,  124-150  :  action  of  *«tc:_ 
ill,  1 45  ;  and  Pfeiffer's  pheDomtrDT*!..  1 32 ; 
chemiotaxis  and.  137  :  immimily  aL-i. 
145-150;  in  protozoAD  infectioua.  \',';: 
of  living  bacteria.  127  ;  Wricht's  view-  .y_ 
140 

Phagolvfiis,  133 

Phalliu.  871 

Pha^J^lgiti■^  iu  alcoholism,  916  :  in  t'-ra.---" 
smokers,  982 

Phenol  poi'^oning.  1017-1021 

PhosphorLsm,  990 

Phosphorus  detectiwi  of,  997 

Phosphorus  pol-iOQing.  955-10<>2  :  aborti  ■:: 
in,  995  :  diagnosis  996  ;  dcr  t->  ph-- 
phorette«i  hydn^n.  990  :  latty  -aa:.j^ 
in,  991  :  indu>triai.  995-1 0<>2 :  ;*=--.ijT 
in.  993 :  morbid  anatomy.  991  :  ^^tc- 
ptoms.  992 :  treatmenL  997.  1001  :  ur-.r 
in.  995 

"Phossy  jaw."  999  :  and  tDltenriilosLS  *•».' 

Picric  aci<l  poisoning.  1031 

"  Pink-eyew*  407 

Pleurse,  tobercnlosis  of  267 

Pleurisy,  rheumatic  6*>6,  610.  624 

Plumbism  (>¥  Lead  Pc<i<<«!ixuL  ]'>-J7-10^ 

Poeumix-ocxras  inftx-tivity  of.  4 

Pneumonia,  caseous  267  ;  iii  dcliriis. 
tremens  933  :  in  rheunuui^ni.  624 

•■  Pneumotyjtluis"  556 

"  Pock."  ar<nit,  1066 

Poisoning,  by  aiooho!  --v  A!  ob  ';-:_  .  :■"'■ 
937  :  c>:aice.  965-974  :  «-rri>:  ^-  E-.:.- 
i-imL  554-592  :  f'»ls-!t*r  K->:  P.i^  :.::_ 
555-554  :  Ir*:  <*-  Ua-i  V'>-z.--z  -  V.'or 
l'>>6  :  ^»'r-  /•*  PrllatT*  .  *i-rj  -  *y*  ; 
opi'-c  t^f  ^►yiaT"—  Pm-ioil^  .  it  7-i^-*' ; 
vari'"'us  ri-etiZ;  i^i  z-'-tr^'-fcL-s.  i'55-"Oj7. 
l'>36-1075;  rtri-v::*  orrar^.  :-:r.>--t;-. 
l'.'I7-l'>36  :  *"■   -."*    :*•-.*.■    -    /  ;* 

Poi-jii'^-*  tra-i-,-.  9?5-lC'75 

P.iitc.:  l:-::  .  I'-S* 

PotA*.:i:_  :->■-:  ir  ir.  -yxtL-iK  .V.i 

Potatoc*.  \-::s-:z:z.z  \\\  h^~.  576 

-poi."  ir.::z_r-y.  I/ZI 

Pnr.:r.::ii^s  Hi  15*:  =.— li.-T-Vn:  ..*  :*, 
159 

Prvv-^ui:-  >  "-  r  *-is-^.  ?>7  .  :r  ==.11  -:.  i. 
.'16:   "■  A  •■Tti':. 

Pr:-T  i'a-t...  f~-r;;  i-  -^t?    c    ;<•_' 

Prt:.::!  :X  r-t.  :■;■ 

1V:::-2V,.  —■■;.::."   "v.  I-S-i 

FT  :.->  L    r-.ir'.Tt  i«Trr.  iC? 

P-«e: ',"-ti' -r-s  :i  ■ '  :.:l.''c*^...  ITJ-l 
V^".:-^^r  .:-is  CK.  ^: 
f'->r.i-:-.  vi.     .:.t'::':ii  iz-L  -">t 

p..-  >  ....  ,    .--  --.  yii 
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^  Aj^tUstii  in  nifiroury  poiiouiutf.  348,  1008 

Purpura  rhrHmatira,  6A7 
P)i«tiili%  iimltK'imiit  (iiiiihmx),  '227 
I'uti^iiLctioit  nint  iooil  poitMinlng,  8!>6 
p.ilri'l  f.-v.r  (tyj.hu-1.  S39 
ryriiliiit!  ill  loljiicco  puiMiniu^,  9B1 

Rahwn,  an 

I{nytiAii«r^  •tUeniw  anil  ci^olUiri,  6()I 

Rw..-t>tf.rN  103:  Klirlith's  v i^ws  ou.  162; 
tlui-e  onlen*  of,  1»J3 

ReA  Ijaht  trvAtiiK*ut  of  (tnuUI-jiox,  f>Stt 

RevncclliMinii,  787 

Kliriiiit.  ni)4 

RtietiuiAtic  fever,  f>94-6tI2  ;  ulkulix  iukI.  070  : 
INU-Uriolngj',  fiOtf-fll/  ;  cwiHni.- lifAioiiit  in, 
604.  ^21,  <1S8.  650-650  :  m  iMltlliuoU,  t]45- 
662  :  c^toreauul,  624»  66S  ;  cntuplii:atio»R, 
6-,Jl-6.>7:  •liogDOvis,  62i>.  348;  eliology, 
6fl&  ;  hcrv>>))ty  in,  003,  647  ;  in  wnrlet 
fever.  455,  471,  65£> :  luorl'iil  AiintDiiiy, 
604  ;  iiro^iosiB,  659 ;  raalipit  in,  624, 
657  ;  rtflupM!  iu.  618  ;  Htalistk^  of,  636- 
642 ;  Hiil)tu-iit^,  594  ;  tymptoms,  617- 
621.  64f>-65f»:  tmttnitfiit,  630-686,  659; 
ariiir  in,  Til  4,  620 

Klicumivtic  Qodult;,  tbe,  605,  611,  629.  655 

RhvnnintU-  mtIvs,  tlu',  645 

RticUdUktiF^Tn,   nc-.iit«   (av   Hheumatii^   Frvvr). 

594-662;  of  cliiiaiiuo<l,  645-66'_> 
rchfunmtoiil  nrtliritiA  m  rtieiitimtUm.  659 
Ithiaorrhii-A  lii  Miirlet  fi'Ver,  439,  4.'il 
Rlchi.  42 

RlD»:-wonn,  vai-iiiutioQ  aud,  691 
Ho]>iitit<-  fiuiifs,  poiwjuing  I>y,  1028 
R*WM-nui1),  fpidviiiic-  (Ufcniian  iiivasleM),  404 
R'-M?oIii,  epidumic,  40^  ;  infectiiniB,  407 
HUiu/h  K^niiaii  iiivjir'Ie#),  404 
ttuMla  (Ocriiiiiii  incaslL-s),  404 
Ruhftilit  iU>iUit  ((trrniiUl  lUfttalrs).  404 

Rum.  908 

Rujiia,  M9.  374 

Ryiv  poLwiiiii^  )>y  («ff  Ergotism),  884-892 

Safnt  Anthony's  fin>,  884 

i!alkyiat*--s  nw  of,  632 

Kinlhtwi,  poiMKiing  by,  865 

Hatniuinf  fioi.«oiiin(;  {$tr  \jhiA  Pnbioninftlt 
1037-1066 

itrarintiti/i,  410  ;  awjiniimt  rtl  ulcrrom,  432  ; 
hmiffnn,  431  ;  nnrfurnft,  433 

Soviet  fever.  110-475  ;  alwrrtnt  cateti  of, 
44£  ;  bncU-riology,  431  •  424  ;  clinVol 
Tmruitjfs,  431-434  :  co-vxixtence  with 
other  fevers,  843-8rtl  ;  ilitKnons.  447, 
fil8  :  fatnlity,  variahte,  of.  414  :  nephritis 
JUiil,  426  ;  panwitv  of,  423  ;  |teellng  niid 
infection,  418 ;  puerperal,  447,  451  ; 
reUpoo,    460;    "  retnni-c«en "  of.    419; 

LMMK>n&l     pniT.ilence     of.     413 ;     »«ni)- 
maltgiiiuit.  434  :  spread  of,  416  ;  snrgicAl* 


446,  451  ;  lytuptomn,  434-443:  trratnwut, 
468-474  :  vohiitini;  in,  431 

Scliei'le's  grevii,  iiuikoiiin):  l>y.  1067 

KoUvo'n  iiiiti-autlifAX  !H-rura,  25<i 

Scorpiuii  |M>i^n]i,  loxtUii  of,  41 

Sc-urvy,  863 

SeciUiue,  888 

^nini,  Nnti'iUcohotic.  929 ;  AUti-nutlirAX. 
182.252:  (uiti-ursenlcB),  37;  anti-Ui'tfriHl. 
118,  121,  176;  nnti-liotnlit.ni.  S82  ;  ami- 
diphthvritic-,  172;  »nti  pl«f{tie.  181  ;  nutt 
plieTimoiiio,  184  ;  anliraliit,  184,  $37  ; 
ftnti  -  rheuinnti*-,  635  ;  nnti  •  ^c»rlll(innl, 
polyvalent,  461  ;  anti-«iii«ll-pox.  756 ; 
antiftrept'icocral.  178,  296.  464;  anti- 
t«Unic,  172;  antitoxk,  .*iO.  172-176; 
antitiOie  nil  Ions.  184,  296;  antityphoidf 
118;  l«ctericidal,91.  122,  176;  ))a<-.teri(>- 
lytic,  95  :  cytolytic.  litS  :  cytologic,  159  ; 
"  frvHh,"  94  ;  ha'Dndytii;,  96  ;  imn»u?»e,  94  ; 
Miirujifliahi'j'5  ADtiiulHTciiloiiA,  2^6 :  M»r- 
morvh'fl  atitUuberculouA,  296;  Meiu«r'N 
686  ;  StflftTo's,  263 

Scnim-tberapy,  118-122, 172-184  ;  of  Mtrlet 
fevvr,  463  ;  of  "inall-iox.  537 

SIivIMIkI)  potstmiiift.  866,  875 

"SlnllinK  scars"  374 

Bhip-fcver  (typhus),  539 

Sicari'it  poittoiiiiig,  1031 

Sidv-chains  81,  162 

Hninll-ixix,  483538  ;  age-incidenc«  of,  776; 
aaliiiutty  of,  767  ;  wiUtoxin,  7^)6;  binck. 
607  ;  cooxialencB  with  ollii-r  Fevers, 
848.851;  coui plica lioua  of,  511-516; 
continent,  505  ;  corjmliote,  6(14  ;  lUaguo- 
siM  of,  517-526  ;  diHcrvto,  503  ;  vrtipcjoii^ 
of,  495-498 ;  fatjOity  of,  780  ;  fn^tal, 
511  ;  hivmorrhtiKic,  .M)7  ;  initial  nuhra 
of,  492.  528  ;  iiinoiUated,  510  ;  iiiodifi«l, 
501  ;  morbid  anatomy,  484-488  ;  ucrvoua 
fliaardrm  in.  514:  piitiuf;  after,  516; 
prevulviico  Itwaeiu-"!  by  vutcinntitin,  709  ; 
pmjfiioBiii  ill,  626  :  riflatioii  to  vaccinia. 
749  ■  769  ;  secondary  fe*er  of,  500; 
itvnipinni<^,  496  ;  tr^tnient.  680  -  537  : 
treattiit;nt  by  red  light,  586  :  vaLTinatina 
aud,  766-805  ;  wiilmat  i-ntpUnn.  602 

Snako  poinoij,  hK-inutyKU  by,  167  ;  loxim  of, 
40-42 

"yiMifflcs"  376 

Soa  won-,  346 

HohiDein.  867 

Kolantii,  867 

"Hpadic"  (ooca  leaves),  968 

Speolnim  of  tojtin,  68,  73  (Fip.l 

Sjwitw- workers  poisoiiinti  nf.  1013 

Hphartfltiiir  acid,  poimoniiiR  by,  888 
Spliai-'clotoxiu.  rMjiNoninn  by,  888 
t'ifiirochtrta  pfillHia,  344 
SpirvcJutIa  rr/riiif/etm.  346 
Spirits,  composition  of.  907 
Spletiu,  lu  ininntiiity,  16 
SplMiic  feTtr  (,anthnu),  227 
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spotted  fever  (typhusj,  S3S 

SpHimn,  tubppculous,  281 

Stirim1aut«,  use  of.  in  ty]»hiw  fever,  5(il 

Stoniatitw  in  measles,  304  ;  in  .scarlet  fever, 
439,  474  :  iu  sinnU.pox,  514  ;  in  typhus 
fttVfT,  54/i,  555 

Stovaint",  970 

l<(tv/tf(M:ucrits  Kcarlalin'r,  421 

Streptothri.v  iiifeotions,  302-324  ;  acid-fast 
hacilH  in.  259,  317-322;  morphology  of, 
3U4  :  relation  to  B.  tnhvradosis,  817 

Stre|itirtriclio.sis,  304  ;  (actinoniyt-osis),  324- 
343  :  psomlo-tnl>ercnlo5iis  and,  321 

Styrian  iirsenic  eaters,  1069 

i<iib^Um<'.e  srn.iibUisatrkx\  96 

SinLiniina  in  rhenniatisin,  620 

Snlplional  pfJiMoninj?,  979 

Sulphuretted  liydrogen  iwisouing,  1085 

Suprareual-s  tuben-nlosis  of  the,  271 

Sweating  in  rhenniatisnt,  (J20 

SyntoxoitU,  64.  67 

Sypliilis,  Ronstitutiona],  343-381  ;  abortive, 
34.7,  351 ;  mill  inaniaj^'e,  367  ;  and  nervous 
disease,  364 ;  arteries  in,  359  :  diagnosiN, 
373,  379 ;  imninnity  to,  3.'>1 :  invaeeinatetl, 
67<') :  niali;^iant,  343,  372  :  primary'  Bvm- 
ptonis  of,  345  ;  .second  infection  with.  352  ; 
Huenndiiry  symptoms  of,  346  :  fiinall-i>ox 
luid,  523  ;  tertiary  syniptontH  of,  349, 
360  :  tissues  affected  in,  357-36.''>  i  trans- 
mission, 353  :  treatment,  352,  368-372  ; 
vaci.'inati'»n  and,  712:730;  wrongly 
dia^noseil,  6.S6 

Syphilis,  inherited,  3'.l-357,  380,  693  ; 
diayrnosis,  37;'> ;  teeth  in.  377  (Fiic.) 

Tartnr  emetic,  1015 

Tea  poi^^oniitg.  9.S.'.-9SS 

Teeth,  in  inherited  syphilis,  377  (Fig.) 

Tetiiiiolysin,  ni-utralisation  of,  69 

Tet;tnii'4,    toxins  of,   38  ;    vaccination  and, 

709 
Tetany,  nieasles  and,  396  | 

Tetvonal  poisnnin;,',  979  i 

Thromliosis  in  tyllhu^  fever,  554  ] 

"ToLaccodienrt,"  9^3  j 

Toltacco    poisoninfT,    9S0  -  985  ;    symptoms, 

982-9S4 
'L'omrue  in  scarlet  fever,  439 
Tonite  fumes,  poisoniun  hy,  1028 
Ton.-ils,    infectiiin   of,    9  ;    in  rhetimatisni. 
610  ;  in  scarlet  fever,  439, 459  ;  in  syphilis, 
:!46 
Toxins,   action  in  the  Ixwly,  73  ;  Itaclerial, 
29,    31-45:    rnide  and  "true,    61;  differ- 
ence friMu  .-ilkaloid'),  i>l  ;  diplitheria  frroup 
nf,    36:     extracellular,    36-42;     iiitra- 
eeliulrir,  42-45.  117  ;    of  si'orpion  |>oisoii. 
41  :  iif  siiiike  poiMon.  40-42  ;  reaction  with 
antitoxin,    57-78,    ?i9.    112  ;    Arrlienius' 
au'l  Mailsen's  views  ou,  68-72  :    Khrlich's 
views  ou,  61  -  6P,   72  ;  spectra  of,  68,  73 
(Fiir.) :  vejietahl.-,  i2 


63  ;   production  of  .-itiL:<:n 


Toxtiids 

87 
Toxons,  67 
Toxnphore,  64 

Trades,  jMiisonous,  988-1078 
'J'remors,    mercurial,    1002.    100.".;  ;:: 
]>oisonin^',  1051 

Trioiml  pnisnninji,  979 

Truffles,  870 

Tryp;inosomiasi-.  pha{jocytosi:«  in.  I'A 

TuIwnMiHu   reartion,    44",    292 :    0..  '.'l 
K.,  189.  261,  295 

Tuljere.ulo».'idin,  296 

TuWrcidosis,  258-300  ;  acute  niiluin. 
297-300;  avian,  261;  Imvine.  SI 
chronic  pulmonary,  266  :  cunjreuiul. 
19,  288  :  cytodia(<nosis  of.  293  ;  'iia:,t>'s| 
292  ;  libroi'il.  268  :  lien-dity  of.  ]s! 
inimiinity  to,  285  :  infection  in,  .7 
intra-iiteriiic.  17;  nieiun^eal,  269  :  rl^^.-C!| 
index  in,  190.  293,  295  :  imtholw-; 
anatomy  of,  262-284  ;  |K.'iitoiie.il,  ^ 
phagocytosis  in,]36:  "plio-sy  .jaw'"«E. 
1000;  jireventinn  of,  15.  2^4;  p**i.- 
tuWrculosis  ami,  321  :  sources  of  iiifft-.:'- 
in,  280  :  spivad  of,  in  l'i»dy.  279  :  >n. 
pttinis,  291  ;  treatment,  29.'>  ;  viiniuiti": 
and,  730-735 

Tubiniijen  beer-heart.  923 

Tuhise,  288 

Typhoid  fever  {siy  Enteric  Fever) 

"Typhoi,!"  state,  the.  5M 

Typlius  fever.  .'.3S  -  .'>ti  1  :  nfeVuile,  .'.ti 
li;i'-liTiuln;:y  of.  ,"i41  ;  io-exi>teni'e  w. 
enteric,  ^.'^0  ;  runiplii  ati'His  in,  .'i.',;;  ;  .•; 
gliosis  uf.  .')20,  556  ;  ht'-iri-taihin-  ii:,  5; 
(nlour  in,  5)9:  relap-e  in.  ."■.  Pi :  treatiin'; 
558 

Tyrosin,  997 

Tyrotoxicon,  86.'» 

Ultramieroseopic   infeetive  ai-'eni-;.  16>: 
hyilrophobia,    817,     82;>  :     in    foot-;u, 
mouth  rli-ease,  809 
T'nemia  in  tyi)luis  fever.  551 
Uric  jk^iil  and  lead  poiMmim:.  105'.' 
Urine,   in   carlsilic  a<id    poi-^uiiuj.    I'li: 
in   lead    prjisoniiij,',  1059  :    in  iiiiint..  ;,/ 
jK)isouinj.'.    1025;    in  phor^pli'in:^  poi-.. 
injf,    995  ;    in    se.-irlct     fever.    W'J.  : 
typlni.i  fever,  551 

Vaccii),  anti-anthrax, !?.'» :  anti-ihnl.ra.  1  >,' 
anti-plaj!»e.  1S6  :  aiitistaphyloi.n.al.  1  >' 
aiitityplioiil,  186- JsS  ;  antitniii.-i-iul";i 
189:  Ofjainst  other  infeetion^,  192 

V:icciiiatiou,  asepxis  and,  71*' ;  eaiiii-r  ai, 
7:18;  eheloid  due  to.  671  :  ii.-;iiii\-:ii 
after.  784-787  ;  conijenital  syphilis  at. 
693  ;  ilrux  eruptions  ,'ind,  CiiH  ;  ■■  vt-ii 
ami.  689  ;  eriiptions  due  to,  i;7;^69: 
ery>ipelas  and,  699-707  ;  exaiitheiii>  an 
092  ;    ininiunity  to,   687  :  imi>fti_'M    r. 


INDEX 


1087 


irosy  and,  785-738  ;  lessens  pre- 
of  sniall-pox,  769  ;  leucocytosis 
;  lupus  aud,  733  ;  normal,  667  ; 
w  to,  696-712  ;  ophthalmia  and, 
■mphigus  and,  691  ;  i«rformance 
746,  765  ;  protection  affonled  hy, 

:  pBoriaBis  and,  691  ;  ring-worm 
I  ;  sepsis  and,  707,  709  ;  small- 
,  766-805  ;  susceptibility  to,  688 ; 

and,  675,  693.  712-730  ;  tetanus 
(9 :  tuberculosis  and,  730-735  ; 
ni  in,  725-729 ;  value  of.  768- 
.rialde  course  of,  669 
■mph,  743,  759  ;  vesicle.  760 
causation,  682  ;  gangrenous,  689 ; 
sed,  678-688 ;  hjemorrhagic,  688  ; 

665-746  ;  m  »tim»,  682  ;  patho- 
46-766  ;  relation  to  variola,  676, 
49  -  759  ;  fielf  -  inoculated,  683  ; 
S  678 

\nef  aiickeii-pox).  475-483 
te  Snmll-pox),  483-538 
'ysiaUbwy  475 
n,  752,  768,  771 

501 

poisoning,  867 
■fcrtM/eiiica,  272 
t  tobacco  poisoning,  982 
xe  "  (in  hydrophobia),  830 


Vomiting  in  scarlet  fever,   431  :  in  whoop- 
ing-cough, 573 
Vulvitis  in  measles,  394 

Wall-papers  and  arsenic  poisoning,  1067  : 
and  lead  poisoning,  1041 

Wandering  cells,  9 

Warrington,  vaccination  at,  774 

Water,  iduiubo-solvcucy  of,  1040  ;  purifica- 
tion by  copper,  1012 

Water-gas  poisoning,  1032-1035 

Water-supply  and  lead  poisoning,  1038 

Weil's  disease  and  phcwphorus  poisoning, 
997 

Whisky,  907 

Whooping-cough,  571-585;  co- existence 
with  otlier  fevers,  843-851  ;  convulsions 
in,  577 ;  prognosis,  5S2 ;  symptoms, 
574 ;  treatment,  583 ;  vomiting  in, 
573 

Wines,  compasition  of,  906 

Wool-sorter's  disease  (anthrax),  227,  245 

"Wrist-drop"  in  lead  poisoning,  1050; 
in  mercury  poisoning,  1005 

Zinc  iioisouing,  1012-1014 
Zomotherapy,  in  tulterculosis,  296 
"  Ztcischenkiirper,"  101 
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